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Preface to Fifth Edition 

This book has been updated and rewritten to take account of the 
changes introduced by the third edition of the Civil Engineering Stan
dard Method of Measurement (CESMM3) and the relevant provisions 
of the sixth edition of the ICE Conditions of Contract. Steps have also 
been taken to extend the usefulness of the book. 

The second edition to CESMM sought to secure a clearer, more 
comprehensive and increasingly rationalised approach to measure
ment. The continued use of method-related charges has been wel
comed as their use on a wide scale has reduced Contractors' cash flow 
problems and assisted considerably with the pricing of variations. Not 
all costs are proportional to the quantities of permanent work on the 
majority of civil engineering contracts, and the use of method-related 
charges assists in the identification and assessment of such costs. 

This edition examines the third edition to CESMM in detail and 
applies the Method to a wide range of constructional work by means of 
worked examples, including the new sections in classes Y and Z. The 
worked examples contain suitable drawings and the hand-written 
dimensions are accompanied by extensive explanatory notes describ
ing the approach to measurement and the application of the general 
principles, work classifications and accompanying rules contained in 
CESMM3. The CESMM3 coding has been included in the worked 
examples for identification purposes. 

The provisions in the ICE Conditions of Contract (Sixth Edition) 
appertaining to measurement and financial aspects of contracts are ex
amined in some detail together with the more significant consequences. 

Finally, the various bill preparation processes are described and 
illustrated, including the use of computers. 

It is hoped that this new edition will serve the needs of practising 
civil engineers and quantity surveyors and students of these disci
plines, in the measurement of this class of work, even more effectively 
than the previous editions. 

Nottingham 
Summer 1992 

xi 

IVOR H. SEElEY 
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1 Scope of Civil Engineering Works and 
Method of Measurement 

It is considered desirable to begin by defining some of the terms that 
are extensively employed in the 'measurement' of civil engineering 
works, so that their meaning and purpose shall be generally under
stood. The term 'measurement' covers both (1) 'taking-off' dimensions 
by scaling or reading from drawings and entering them in a recognised 
form on specially ruled paper, called 'dimensions paper' (illustrated on 
page 73), and (2) the actual measurement of the work as executed on 
the site. 

The term 'quantities' refers to the estimated amounts of civil en
gineering work required in each operation or activity, and together 
these items give the total requirements of the contract. 

These quantities are set down in a standard form on 'billing paper', 
as illustrated on page 57, which has been suitably ruled in columns, so 
that each item of work may be conveniently detailed with a brief 
description of the work, the probable quantity involved and a refer
ence or coding. The billing paper also contains columns in which the 
contractor tendering for the particular project enters the rates and 
prices for each item of work. These prices, when added together, give 
the 'Contract Price' or 'Tender Total'. 

Recognised 'units of measurement' are detailed in the Civil En
gineering Standard Method of Measurement (CESMM3), issued by the 
Institution of Civil Engineers (reference I at end of book). This covers 
the majority of items of civil engineering work that are normally en
countered. Most items are measured in metres, and may be cubic, 
square or linear. Some items such as structural steelwork and metal
work and steel reinforcing rods or bars are measured by weight, in 
which case the tonne will be the appropriate unit of measurement. 

The primary function of a 'bill of quantities' is to set down the 
various items of work in a logical sequence and recognised manner, so 
that they may be readily priced by contractors. The bill of quantities 
thus enables all contractors to tender on the same information. It also 

1 



2 Civil Engineering Quantities 

provides a good basis for the valuation of 'variations' resulting from 
changes in design as the work proceeds. 

A contractor will build up in detail a price for each item contained in 
the bill of quantities, allowing for the cost of the necessary labour, 
materials and possibly associated plant, together with the probable 
wastage on materials, and sometimes appropriate temporary work, 
establishment charges or oncosts and profit. It is most important that 
each billed item should be so worded that there is no doubt at all in the 
mind of a contractor as to the nature and extent of the item that he is 
pricing. This is assisted by the changed approach to measurement 
introduced by the second and third editions of CESMM, which ensures 
greater uniformity in the format and content of civil engineering bills 
of quantities. Contractors generally tender in keen competition with 
one another and this calls for very skilful pricing by contractors to 
secure contracts. 

The subject of estimating for civil engineering contracts is outside 
the scope of this book, but detailed information on this subject can be 
found in McCaffer,Z Spon 3 and Wessex.4 

The bill of quantities backs up the contract documents, which nor
mally consist of the conditions of contract, drawings and specification. 
The main function of the bill is to identify work and to enable prices to 
be entered against it.5 

Development of Civil Engineering Codes of Measurement 

The Institution of Civil Engineers published a report of a committee 
dealing with engineering quantities in 1933, and thus provided for the 
first time a standard procedure for drafting bills of quantities for civil 
engineering work. Prior to the introduction of this document there was 
no uniformity of practice in the measurement of civil engineering 
quantities, and engineers responsible for the preparation of civil en
gineering bills of quantities largely worked up their own systems of 
measurement as they thought fit. The order and nature of the billed 
items, the units of measurement and even the method of tabulating 
the information in specific columns- usually referred to as 'ruling'
which was adopted for the bills of quantities, varied considerably. 

It will be appreciated that this lack of uniformity in the preparation of 
civil engineering bills of quantities made the task of civil engineering 
contractors in pricing them far more difficult than it is today, now that a 
more uniform method of measurement has been generally adopted. 

In 1953, after much deliberation and consultation, a revised docu
ment, entitled the Standard Method of Measurement of Civil Engineer
ing Quantities, was issued by the Institution of Civil Engineers, and this 
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was reissued with slight amendments in 1963 and a metric addendum 
in 1968. This amended the previous (1933) report to meet the changing 
needs of civil engineers and contractors, and tied up with the provi
sions of the General Conditions of Contract for use in connection with 
Works of Civil Engineering Construction. Certain sections of the 1933 
report were simplified, particularly those dealing with concrete and 
pipe lines. New sections covering site investigation and site clearance 
were added and provision was made for the measurement of pre
stressed concrete. 

In 1967 the Construction Industry Research and Information Associa
tion (CIRIA) established a working party to identify research needs 
aimed at improving contract procedure. One of the projects that fol
lowed aimed at developing and testing an improved form of bill of 
quantities for civil engineering contracts, and the results were summa
rised in CIRIA report 34. 6 This study sought to define the needs of the 
industry and to propose means of making the information in the bill 
more useful, and so to reduce the high administrative cost of measure
ment. The investigations incorporated the use of experimental features 
of bills of quantities on live civil engineering contracts. The dominant 
conclusion in the report is that civil engineering bills of quantities, 
apart from scheduling the components of the contemplated work, 
should also contain charges related to the method and timing of the 
contractor's operations. 

Following the publication of the CIRIA Report a steering committee 
was appointed by the Institution of Civil Engineers to undertake a 
detailed reappraisal of the civil engineering code of measurement. The 
steering committee spent five years formulating its proposals and 
throughout this period consulted extensively with the construction 
industry and other relevant bodies and persons. The resulting Civil 
Engineering Standard Method of Measurement was published in 1976. 

The principal changes introduced by the CESMM were as follows. 

(1) Greater standardisation of format, both in the COI'lJf'Onent items 
and in the way they are described. A reduction of the previous 
variety that frequently arose from house styles and often led to 
unnecessary confusion to tendering contractors. 

(2) It introduced various levels of classification or pigeon holes from 
which descriptions can be developed. There are also coding 
arrangements, which have no contractual significance, although 
they will assist where computers are used and form a useful basis 
for cost analysis. 

(3) Use of method-related charges to represent more clearly site con
struction costs, such as the cost of setting up and operating plant, 
labour teams and the like. In these cases the best cost parameter is 
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not the finished physical work but what the contractor has to do 
on site. 

(4) A large number of small changes to detailed rules of measurement, 
resulting in a tightening up and increased detailing and the re
moval of anomalies and some differences in interpretation. Cost is 
very much influenced by the location of work, and although it was 
not found practicable to frame rules to cover this, the engineer or 
surveyor preparing bills can reflect this in the way he prepares the 
information and describes the items. It was claimed that bills pre
pared in accordance with the CESMM would be easier to compile, 
be of greater use to the contractor, better reflect the costs involved 
and more effectively serve other purposes, such as programming, 
cost control and management. 

The second edition of the Civil Engineering Standard Method of 
Measurement (CESMM2) was published in 1985, following two years of 
preparation work. The measurement notes were retitled 'rules' and 
expanded, rearranged and classified to make reference and interpreta
tion easier. Additional items were inserted to keep pace with new 
technology, particularly in site investigation and geotechnical pro
cesses. A new section was included to cover sewer renovation. Bills 
produced under CESMM2 were more comprehensive and problem 
areas in the first edition suitably clarified. Furthermore, an attempt was 
made to secure greater compatability with building measurement prac
tice, with further extension in SMM7. 

The third edition of the Civil Engineering Standard Method of 
Measurement (CESMM3) updated the code, brought it into alignment 
with the sixth edition of the ICE Conditions of Contract, and new 
sections were introduced on water mains renovation and simple build
ing works incidental to civil engineering works. 

Scope of Civil Engineering Works 

Before comparing the methods adopted for the measurement of civil 
engineering work with those used for building work, some considera
tion should be given to the nature and scope of civil engineering 
works, to appreciate fully and understand the need for a different and 
separate mode of measurement to operate in respect of these latter 
works. This comparison is included primarily for the use and guidance 
of quantity surveyors, many of whom are mainly concerned with the 
measurement of building works. 

Civil engineering works encompass a wide range of different pro
jects, some of which are of great magnitude. Vast cuttings and 
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embankments; large mass and reinforced concrete structures, such as 
the frameworks of large buildings, reservoirs, sea walls, bridges and 
cooling towers for power stations; structural steel frameworks of large 
structures; piling for heavy foundations; jetties, wharves and dry 
docks; long pipelines, tunnels and railway trackwork, all form the 
subject-matter of civil engineering contracts. 

Civil engineering work may also include structural engineering pro
jects in reinforced concrete, steel, brick and timber, and public works 
engineering, such as roads, bridges, sewers, sewage treatment works, 
water mains, reservoirs, water towers, works of river and sea defence, 
refuse disposal plants, marinas and swimming pools, carried out on 
behalf of a variety of agencies as described in Public Works 
Engineering. 7 

These works require considerable skill, ingenuity and technical 
knowledge in both their design and construction. The use of new 
materials and techniques is continually changing the nature and 
methods of construction used in these projects, and the increasing 
size and complexity of these works demand a greater knowledge and 
skill for their measurement and valuation. 

Some works involve elements of uncertainty, as for example the 
excavation work for extensive deep foundations or the laying of under
ground services under very variable site conditions. Many civil en
gineering projects are carried out on the banks of rivers or on the sea 
coast, and on low-lying marshy land, thus making the operations that 
are involved even more difficult and exacting. For these reasons it is 
essential that a code of measurement specially applicable to this class 
of work should be used. 

Owing to the magnitude of most civil engineering works, it is advis
able that the code of measurement adopted should be relatively 
simple, to avoid the separate measurement of labours and small items, 
some of which were dealt with separately when measuring building 
work, prior to the introduction of SMM7.6 The term 'labours' referred 
to relatively small items of work, involving labour but no materials, 
such as forming fair battered angles to brickwork and holes in timber 
members. Furthermore, owing to the very nature of the works, there is 
a great deal more uncertainty than on building works, and the method 
of measurement needs to be more flexible to allow for variations in the 
methods of construction used and changes effected during the course 
of the constructional work made necessary by site conditions. The 
main function of a bill of quantities is to enable prices to be obtained 
for the project on a uniform basis and precise dimensions cannot 
always be prepared at the 'taking-off' stage. The quantities should 
always be as accurate as the drawings and other data permit but they 
can be adjusted following the measurement of the completed work on 
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the site and the work, as executed, valued at billed or comparable 
rates, on what is often termed a 'measure and value contract'. 

Extensive temporary works are likely to be required during the con
struction of civil engineering works and the contractor will need to 
cover the cost of these works in some part of the bill of quantities. 

Comparison of Civil Engineering and Building Methods of Measurement 

There are two separate and distinct practices of measurement operat
ing for civil engineering and building works. There is, however, con
siderable common ground as regards the general approach, units of 
measurement employed and items of work that can be measured 
under both codes. 

As previously stated, civil engineering work should be measured in 
accordance with the Civil Engineering Standard Method of Measure
ment prepared by the Institution of Civil Engineers and the Federation 
of Civil Engineering Contractors.1 Building works are generally measured 
in accordance with the Standard Method of Measurement of Building 
Works, issued by the Royal Institution of Chartered Surveyors and the 
Building Employers Confederation. 8 

The details of building works are usually in a far more precise stage 
at the time of preparing the bill of quantities than is the case with civil 
engineering works. Furthermore, the building work normally covers 
more works sections, and is in consequence subject to more detailed 
measurement. In the absence of variations in design, most building 
work with the exception of sub-structural, drainage and external 
works, will not be subject to remeasurement and the contractor will be 
paid for the quantities of work incorporated in the bill of quantities. 

In a building contract the bill of quantities will constitute a contract 
document, whereas in the majority of cases the specification will not. 
Consequently, the bill of quantities in a building contract will invari
ably be far more detailed with lengthier descriptions than that operat
ing in civil engineering work, unless the components in the billed 
items, specification and drawings are coded in accordance with the 
recommendations for co-ordinated project information, which is the 
exception. The measurement of building work also involves a larger 
number of measured items, with the monetary rate entered against 
some of them being relatively small. 

The Contractor, when pricing a civil engineering bill of quantities 
will need to refer constantly to the specification for detailed informa
tion on the billed items, and must generally include for any necessary 
temporary work and incidental labours. Furthermore, a much greater 
proportion of the work is likely to be below ground. There is, in 
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consequence, a greater degree of risk in the pricing of civil engineer
ing work. 

In some of the larger civil engineering contracts there is also some 
building work. With these contracts the question often arises as to how 
the works as a whole are to be measured. 

Take, for example, a large power station contract. The best proce
dure would appear to be to measure the main superstructure, the 
ancillary buildings and probably the chimneys in accordance with the 
Standard Method of Measurement of Building Works. The structural 
steel frameworks could be measured under either code of measure
ment. The remainder of the power station contract, comprising heavy 
foundations, piling, wharves and jetties, railway sidings, cooling 
towers, circulating water ducts, roads, sewers and water mains, are all 
essentially civil engineering work, and are best measured in accord
ance with the Civil Engineering Standard Method of Measurement. 

In building work a larger number of items are measured separately, 
than is the case with civil engineering work. For instance, in building 
work, backfilling trenches, compacting trench bottoms and earthwork 
support are each measured separately, whereas in civil engineering 
work most of these items are included in the excavation rates. 

CESMM2 introduced a different approach to measurement and 
pricing with three divisions of measurement in each work class and 
consequently greater uniformity in bill descriptions, and the use of 
method-related charges to permit the separation of items that are not 
proportional to the quantities of permanent work. SMM76 adopted a 
similar approach for building work and hence increased the amount of 
commonality in the approach adopted in the two measuring codes, 
which was also extended into some of the detailed measuring proce
dures, such as structural metalwork/steelwork. 

Readers requiring further information on building measurement are 
referred to Seeley.10•11 



2 Civil Engineering Contracts and 
Contract Documents 

The first part of this chapter is concerned with the general characteris
tics of contracts and the remedies available when a contract is broken 
by a party to it. It gives the legal background to work under a contract 
and is required by many examining bodies. For more comprehensive 
and detailed information on the law of contracts, which is a most 
complicated subject, the reader might consult, for example, Hudson's 
Building and Engineering Contracts. 12 

The Nature and Form of Contracts 

The law relating to civil engineering contracts is one aspect of the law 
relating to contract and tort or civil wrongs. It is therefore desirable to 
have some knowledge of the law relating to contracts generally before 
the main characteristics and requirements of civil engineering con
tracts are considered. 

A simple contract consists of an agreement entered into by two or 
more parties, whereby one of the parties undertakes to do something 
in return for something to be undertaken by the other. A contract has 
been defined as an agreement which directly creates and contemplates 
an obligation. The word is derived from the Latin contractum, meaning 
drawn together. 

We all enter into contracts almost every day for the supply of goods, 
transportation and similar services, and in all these instances we are 
quite willing to pay for the services we receive. Our needs in these 
cases are comparatively simple and we do not need to enter into 
lengthy or complicated negotiations and no written contract is normal
ly executed. Nevertheless, each party to the contract has agreed to do 
something, and is liable for breach of contract if he fails to perform his 
part of the agreement. 

8 



Contracts and Contract Documents 9 

In general, English law requires no special formalities in making 
contracts but, for various reasons, some contracts must be made in a 
particular form to be enforceable and, if they are not made in that 
special way, then they will be ineffective. Notable among these con
tracts are contracts for the sale and disposal of land, and 'land', for this 
purpose, includes anything built on the land, as, for example, roads, 
bridges and other structures. 

Some contracts must be made 'under seal', for example, Deeds of 
Gift or any contract where 'consideration' is not present (consideration 
is defined later in the chapter). Some other contracts must be in 
writing, for example, that covering the Assignment of Copyright, 
where an Act of Parliament specifically states that writing is necessary. 
Contracts covering guarantee and land transactions may be made oral
ly but will be unenforceable unless they are in writing, by virtue of the 
Law Reform (Enforcement of Contract) Act, 1954. 

Since the passing of the Corporate Bodies Contracts Act, 1960, the 
contracts entered into by corporations, including local authorities, can 
be binding without being made under seal. The standing orders of 
most local authorities, however, will require major contracts to be 
made under seal, but the 1960 Act will avoid a repetition of the results 
of Wright v. Romford Corporation, where the local authority was able 
to avoid its responsibilities under a contract, merely because the con
tract had not been made under seal. 

It is sufficient in order to create a legally binding contract, if the 
parties express their agreement and intention to enter into such a 
contract. If, however, there is no written agreement and a dispute 
arises in respect of the contract, then the Court that decides the 
dispute will need to ascertain the terms of the contract from the 
evidence given by the parties, before it can make a decision on the 
matters in dispute. 

On the other hand if the contract terms are set out in writing in a 
document, which the parties subsequently sign, then both parties are 
bound by these terms even if they do not read them. Once a person 
has signed a document he is assumed to have read and approved its 
contents, and will not be able to argue that the document fails to set 
out correctly the obligations which he actually agreed to perform. Thus 
by setting down the terms of a contract in writing one secures the 
double advantage of affording evidence and avoiding disputes. 

The law relating to contracts imposes on each party to a contract a 
legal obligation to perform or observe the terms of the contract, and 
gives to the other party the right to enforce the fulfilment of these 
terms or to claim 'damages' in respect of the loss sustained in conse
quence of the breach of contract. 
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Enforcement of Contracts 

An agreement can only be enforced as a contract if: 

(1) the agreement relates to the future conduct of one or more of the 
parties to the agreement; 

(2) the parties to the agreement intend that their agreement shall be 
enforceable at law as a contract; 

(3) it is possible to perform the contract without transgressing the law. 

Validity of Contracts 

The legal obligation to perform a contractual obligation only exists 
where the contract is valid. In order that the contract shall be valid the 
following conditions must operate. 

(1) There must be an offer made by one person (the offeror), and the 
acceptance of that offer by another person (the offeree), to whom 
the offer was made. Furthermore, the offer must be definite, and 
made with the intention of entering into a binding contract. The 
acceptance of the offer must be absolute, be expressed by words 
or conduct, and be accepted in the manner prescribed or indicated 
by the person making the offer. 

An offer is not binding until it is accepted and, prior to acceptance, 
the offer may come to an end by lapse of time, by revocation by the 
offeror or by rejection by the offeree, and in these cases there can be 
no acceptance unless the offer is first renewed. 

(2) The contract must have 'form' or be supported by 'consideration'. 
The form consists of a 'deed', which is a written document, which 
is signed, sealed and delivered, and this type of contract is known 
as a 'formal contract' or contract made by deed. 

If a contract is not made by deed, then it needs to be supported by 
consideration, in order to be valid, and this type of contract is known 
as a 'simple contract'. Consideration has been defined as some return, 
pecuniary or otherwise, made by the promisee in respect of the prom
ise made to him. 

(3) Every party to a contract must be legally capable of undertaking the 
obligations imposed by the contract. For instance, persons under 
18 years of age may, in certain cases, avoid liability under contracts 
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into which they have entered. Similarly a corporation can only be a 
party to a contract if it is empowered by a statute or charter to enter 
into it. 

(4) The consent of a party to a contract must be genuine. It must not 
be obtained by fraud, misrepresentation, duress, undue influence 
or mistake. 

(5) The subject matter of the contract must be legal. 

Remedies for Breach of Contract 

Whenever a breach of contract occurs a right of action exists in the 
Courts to remedy the matter. The remedies generally available are as 
follows: 

(1) Damages 
(2) Order for payment of a debt 
(3) Specific performance 
(4) Injunction 
(5) Rescission 

Each of these remedies will now be considered further. 
(1) Damages. In most cases a breach of contract gives rise to a right 

of action for damages. The 'damages' consist of a sum of money, which 
will, as far as it is practicable, place the aggrieved party in the same 
position as if the contract had been performed. 

The parties to a contract, when entering into the agreement, may 
agree that a certain sum shall be payable if a breach occurs. This sum is 
usually known as 'liquidated damages', where it represents a genuine 
estimate of the loss that is likely to result from the breach of contract. 
Where, however, the agreed sum is in the nature of a punishment for 
the breach of contract, then the term 'penalty' is applied to it, and 
penalties are not normally recoverable in full. 

For instance, in civil engineering contracts it is often stipulated that a 
fixed sum shall be paid per day or per week, if the contract extends 
beyond the agreed contract period. If this sum is reasonable it consti
tutes liquidated damages and, unlike a penalty, is recoverable in full. 

(2) Order for payment of a debt. A debt is a liquidated or ascertained 
sum of money due from the debtor to the creditor and is recovered by 
an 'action of debt'. 

(3) Specific performance. The term 'specific performance' refers to 
an order of the Court directing a party to a contract to perform his part 
of the agreement. It is now only applied by the Courts on rare occa
sions when damages would be an inadequate remedy, but specific 
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performance constitutes a fair and reasonable remedy and is capable 
of effective supervision by the Court. This remedy will not be given if it 
requires the constant supervision of the Court. 

(4) Injunction. An injunction is an order of Court directing a person 
not to perform a specified act. For instance, if A had agreed not to carry 
out any further building operations on his land, for the benefit of B, 
who owns the adjoining land, and B subsequently observes A starting 
building operations, then B can apply to the Court for an injunction 
restraining A from building. Damages, in these circumstances, would 
not be an adequate remedy. 

(5) Rescission. Rescission consists of an order of Court cancelling or 
setting aside a contract and results in setting the parties back in the 
position that they were in before the contract was made. 

Main Characteristics of Civil Engineering Contracts 

Most contracts entered into between civil engineering contractors and 
their employers are of the type known as 'entire' contracts. These are 
contracts in which the agreement is for specific works to be under
taken by the contractor and no payment is due until the work is 
complete. 

In an entire contract, where the employer agrees to pay a certain 
sum in return for civil engineering work, which is to be executed by 
the contractor, the contractor is not entitled to any payment if he 
abandons the work prior to completion, and will be liable in damages 
for breach of contract. Where the work is abandoned at the request of 
the employer, or results from circumstances that were clearly foreseen 
when the contract was entered into and provided for in its terms, then 
the contractor will be entitled to payment on a quantum meruit basis, 
that is, he will be paid as much as he has earned. 

It is, accordingly, in the employer's interest that all contracts for civil 
engineering work should be entire contracts to avoid the possibility of 
work being abandoned prior to completion. However, contractors are 
usually unwilling to enter into any contracts, other than the very 
smallest, unless provision is made for interim payments to them as the 
work proceeds. For this reason the standard form of civil engineering 
contract13 provides for the issue of interim certificates at various stages 
of the works. 

It is customary for the contract further to provide that a prescribed 
proportion of the sum due to the contractor on the issue of a certificate 
shall be withheld. This sum is known as 'retention money' and serves 
to insure the employer against any defects that may arise in the work. 
The contract does, however, remain an entire contract, and the con-
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tractor is not entitled to receive payment in full until the work is 
satisfactorily completed, the defects correction period expired and the 
defects correction certificate issued. 

That works must be completed to the satisfaction of the employer, or 
his representative, does not give the employer the right to demand an 
unusually high standard of quality throughout the works, in the ab
sence of a prior express agreement. Otherwise the employer might be 
able to postpone indefinitely his liability to pay for the works. The 
employer is normally only entitled to expect a standard of work that 
would be regarded as reasonable by competent persons with consider
able experience in the class of work covered by the particular contract. 
The detailed requirements of the specification will have a considerable 
bearing on these matters. 

The employer or promoter14 of civil engineering works normally 
determines the conditions of contract, which define the obligations 
and performances to which the contractor will be subject. He often 
selects the contractor for the project by some form of competitive 
tendering and any contractor who submits a successful tender and 
subsequently enters into a contract is deemed in law to have voluntari
ly accepted the conditions of contract adopted by the employer. 

The obligations that a contractor accepts when he submits a tender 
are determined by the form of the invitation to tender. In most cases 
the tender may be withdrawn at any time until it has been accepted and 
may, even then, be withdrawn if the acceptance is stated by the 
employer to be 'subject to formal contract' as is often the case. 

The employer does not usually bind himself to accept the lowest or 
indeed any tender and this is often stated in the advertisement. A 
tender is, however, normally required to be a definite offer and accept
ance of it gives rise legally to a binding contract. 

Types of Contract Encountered in Civil Engineering Works 

A variety of contractual arrangements are available and the engineer 
will often need to carefully select the form of contract which is best 
suited for the particular project. The employer is entitled to know the 
reasoning underlying the engineer's choice of contract.15 

Contracts for the execution of civil engineering works may be broad
ly classified as follows. 

(1) Bill of quantities contracts. This type of contract, which incorpo
rates a bill of quantities priced by the contractor, is the most commonly 
used form of contract for works of civil engineering construction of all 
but the smallest in extent, where the quantities of the bulk of the work 
can be ascertained with reasonable accuracy before the work is 



14 Civil Engineering Quantities 

started. A bill of quantities is prepared in accordance with CESMM1 

giving, as accurately as possible, the quantities of each item of work to 
be executed, and the contractor enters a unit rate against each item of 
work. The extended totals are added together to give the tender total. 
This type of contract is a measure and value contract and the contract 
price is the sum to be ascertained and paid in accordance with the 
provisions contained in the ICE Conditions of Contract,13 clauses 55, 
56, 57, 58, 59, 60 and 61 as described later in the chapter. 

The preparation of comprehensive bills of quantities for civil en
gineering works can have an important and far-reaching effect on the 
cost of the works to the employer. The contractor tendering for the 
specific contract is provided with a schedule giving brief identifying 
descriptions and estimated quantities of all the items of work involved. 
In the absence of such a bill of quantities, each contractor tendering 
will have to assess the amount of work involved and this will normally 
have to be undertaken in a very short period of time, in amongst other 
activities. 

Under these circumstances a contractor, unless he is extremely short 
of work, is almost bound to price high to allow himself a sufficient 
margin of cover for any items that he may inadvertently have missed. 
Furthermore, there is no really satisfactory method of assessing the 
cost of variations and the contractor may feel obliged to make allo
wance for this factor also, when building up his contract price. 

Bills of quantities greatly assist in keeping tender figures at a realistic 
level. They should be prepared, whenever possible, on all but the 
smallest civil engineering contracts, as they offer the following 
advantages. 

(1) The contractor is paid for the actual amount of work done and thus 
limits the risk element borne by the contractor. 

(2) While providing a fair basis for payment, there is the facility for 
dealing with altered work. 

(3) Adjudication of tenders is relatively straightforward as all tenderers 
price on a comparable basis. 

(4) The bill of quantities gives tendering contractors a clear concep
tion of the work involved. 

(5) Most contractors in the United Kingdom are thoroughly familiar 
with this type of contract and are thus better able to submit a 
realistic price for the work.16 

(2) Lump sum contracts. In a lump sum contract the contractor 
undertakes to carry out certain specified works for a fixed sum of 
money. The nature and extent of the works are normally indicated on 
drawings and the nature of the materials and workmanship described 
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in a specification, but no bill of quantities is provided. 
This form of contract is largely used in conjunction with works that 

are small in extent, and where the work is above ground and clearly 
visible, such as a road resurfacing contract. 

It has, however, occasionally been used where the works required 
are uncertain in character, and by entering into a lump sum contract 
the employer hoped to place the onus on the contractor for deciding 
the full extent of the works and the responsibility for the payment of 
any additional costs, which could not be foreseen before the works 
were started. The employer would then pay a fixed sum for the works, 
regardless of their actual cost, and this constitutes an undesirable 
practice from the contractor's point of view. 

(3) Schedule contracts. This type of contract may take one of two 
forms. The employer may supply a schedule of unit rates covering each 
item of work and ask the contractors, when tendering, to state a 
percentage above or below the given rates for which they would be 
prepared to execute the work. Alternatively, and as is more usual, the 
contractors may be requested to insert prices against each item of 
work, and a comparison of the prices entered will enable the most 
favourable offer to be ascertained. Approximate quantities are some
times included to assist the contractors in pricing the schedules and 
the subsequent comparison of the tendered figures. 

This type of contract is really only suitable for use with maintenance 
and similar contracts, where it is not possible to give realistic quantities 
of the work to be undertaken. In this form of contract it is extremely 
difficult to make a fair comparison between the figures submitted by 
the various contractors, particularly where approximate quantities are 
not inserted in the schedules, since there is no total figure available for 
comparison purposes and the unit rates may fluctuate extensively 
between the different tenderers. 

Another advantage of the use of schedules is that they can be 
prepared quickly for projects of long duration. During the execution of 
the early stages of a project by a contractor selected from a schedule of 
adequately detailed rates, a bill of quantities can be prepared for the 
remainder of the work. This bill can be priced using the rates inserted 
in the original schedule by the contractor already employed on the 
site, or alternatively, competitive tenders can be obtained and, if 
appropriate, another contractor can carry out the later phases. For 
example, the substructure of a power station could be measured and 
valued in accordance with a schedule of rates, while the superstructure 
could be the subject of a bill of quantities contract. In like manner, 
approximate quantities could be provided for the first and possibly 
experimental section of a road or airport runway, with a more accurate 
bill of quantities prepared for the main scheme.17 
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A schedule contract also enables the contractor and the engineer to 
cooperate at the design stage in the development of new techniques in 
an effective and economical way. The schedule of rates should ideally 
be negotiated at an early stage to give the contractor and the engineer 
an opportunity to discuss the relationship of plant usage and site 
organisation to the design of the scheme.17 

(4) Cost reimbursement contracts. In cost reimbursement contracts 
the employer pays to the contractor the actual cost of the work plus a 
management fee which will include the contractor's overhead charges, 
supervision costs and profit. The management fee may be calculated in 
one of four different ways which are now described. 

(i) Prime cost plus percentage contracts. This type of contract pro
vides for the management fee payable to the contractor to be 
calculated as a percentage of the actual or allowable total cost of 
the civil engineering work. It permits an early starting date, as the 
only matter requiring agreement between the employer and the 
contractor is the percentage to be applied in respect of the con
tractor's overheads and profit. It is accordingly relatively simple to 
operate and was used extensively during the Second World War 
for defence installations, and was subject to considerable abuse 
on occasions. 

It is a generally unsatisfactory contractual arrangement as high
er costs also entail higher fees and there is accordingly no incen
tive for efficiency and economy. The use of this form of contract 
should therefore be confined to situations where the full nature 
and extent of the work are uncertain and urgent completion of the 
project is required, resulting in a critical situation. Even then every 
care should be taken to safeguard the employer's interests by 
employing a reputable contractor and arranging effective supervi
sion of the work. The main deficiency is that an unscrupulous 
contractor could increase his profit by delaying the completion of 
the works. No incentive exists for the contractor to complete the 
works as quickly as possible or to try to reduce costs. Further
more, the fee will fluctuate proportionately to any prime cost 
fluctuations but these will not necessarily bear any relation to any 
changes in the actual costs of management.18 

A typical percentage fee might contain an addition of 100 per 
cent on the actual cost of wages, fares and allowances paid by the 
contractor to the foremen, operatives and staff (other than cleri
cal, administrative and visiting staff) for time spent wholly on the 
works, together with amounts paid in respect of such wages for 
national insurance, graduated pensions, holidays with pay, em
ployer's liability and workmen's compensation insurance; an 
addition of 20 per cent on the actual cost of materials used upon 
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the works after the deduction of all trade, cash and other dis
counts and rebates; an addition of 5 per cent on the actual cost of 
any sub-contractors' accounts in connection with the works and 
any payments made by the employer; and an addition of 10 per 
cent on the actual cost of any mechanical plant used on the site 
upon the works.18 

(ii) Prime cost plus fixed fee contracts. In this form of contract the 
sum paid to the contractor will be the actual cost incurred in the 
execution of the works plus a fixed lump sum, which has pre
viously been agreed upon and does not fluctuate with the final 
cost of the project. No real incentive exists for the contractor to 
secure efficient working arrangements on the site, although it is 
to his advantage to earn the fixed fee as quickly as possible and so 
release his resources for other work. This type of contract has 
advantages over the prime cost plus percentage contract from the 
employer's standpoint. 

In order to establish a realistic figure for the fixed fee, it is 
necessary to be able to assess with reasonable accuracy the likely 
amount of the prime cost at the tender stage, otherwise the 
employer may have to revert to a prime cost plus percentage 
contract with its inherent disadvantages. It is advisable to prepare 
a document showing the estimated cost of the project in as much 
detail as possible so that the work is clearly defined and also the 
basis on which the fixed fee is calculated. 

(iii) Prime cost plus fluctuating fee contracts. In this form of contract 
the contractor is paid the actual cost of the work plus a fee, with 
the amount of the fee being determined by reference to the 
allowable cost by some form of sliding scale. Thus, the lower the 
final cost of the works (prime cost), the greater will be the value of 
the fee that the contractor receives. An incentive then exists for 
the contractor to carry out the work as quickly and cheaply as 
possible, and it does constitute the most efficient of the three 
types of prime cost contract that have so far been described. 

(iv) Target cost contracts. These are used on occasions to encourage 
the contractor to execute the work as cheaply as possible. A basic 
fee is generally quoted as a percentage of an agreed target esti
mate usually obtained from a priced bill of quantities. The target 
estimate may be adjusted for variations in quantity and design, 
and fluctuations in the cost of labour and materials and related 
matters. The actual fee paid to the contractor is determined by 
increasing or reducing the basic fee by an agreed percentage of 
the saving or excess between the actual cost and the adjusted 
target estimate. In some cases a bonus or penalty based on the 
completion time may also be applied. 
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Hence prime costs are recorded and a fee agreed for management 
services provided by the contractor as in the other forms of cost 
reimbursement contract. The actual amount paid to the contractor 
depends on the difference between the target price and the actual 
prime cost. In practice, various methods have been used for comput
ing this sum. An alternative method that has been used is to pay the 
contractor the prime cost plus the agreed fee, and for the difference 
between target price and prime cost, whether a saving or an extra, to 
be shared between the employer and the contractor in agreed propor
tions. Yet another method is to pay either the target price or the prime 
cost plus the agreed fee whichever is the lower. This latter form of 
contract does, in fact, combine the characteristics of both the fixed 
price and cost reimbursement contracts.18 

Fluctuations in fee due to difference between target and actual costs 
operate as a bonus to the contractor if his management is efficient, or 
as a penalty if it is inefficient. The benefits to be obtained by the employer 
from this contractual arrangement are mainly dependent on the target 
price being agreed at a realistic value, as there will be a great incentive for 
the contractor to increase the estimated price as much as possible in the 
first instance. It is essential that the employer obtains expert advice in 
evaluating this price. It may be negotiated with the contractor or estab
lished in competition. Target cost contracts should not be entered into 
lightly as they are expensive to manage, and require accurate manage
ment and careful costing on the employer's behalf.19 

(5) A/l-in contracts. With this type of contract the employer, fre
quently using the services of an engineer, normally gives his require
ments in broad outline to contractors, who are asked to submit full 
details of design, construction and cost, and probably including 
maintenance of the works for a limited period. This procedure has 
been used in the chemical and oil industries and for the design and 
construction of nuclear power stations. It is a contractual arrangement 
which sometimes finds favour with overseas employers. Although they 
may appear very attractive, they may give rise to many difficulties in 
implementation. As an ICE report14 emphasises, they can prove parti
cularly difficult to operate in times of high inflation and when the basic 
technology is changing rapidly. The term 'design and build' is now 
often used, particularly on building projects, to describe a procure
ment arrangement where a single organisation is responsible to the 
employer for both design and construction. 

All-in contracts are sometimes referred to as package deals and, in 
practice, the arrangements may vary considerably, ranging from pro
jects where the contractor uses his own professional design staff and 
undertakes both complete design and construction, to projects where 
the contractor, specialising in a particular form of construction, offers 
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to provide a full service based on preliminary sketch plans provided by 
the employer's engineer. All-in contracts can be on a fixed price or cost 
reimbursement basis, competitive or negotiated, and can incorporate 
the management contracting system described later in the chapter. 
The employer may require the contractor to include the total financing 
of the project, in whic,h case it is often referred to as a turnkey 
contract.19 In yet another form of contract, the contractor designs, 
constructs, operates and maintains the project and receives the re
venue for a prescribed concessionary period, often 10 to 30 years. An 
example of this type of arrangement is the Greater Manchester Metro
link. While another variant is the design and manage form of contract. 

The selection of the contractor should be based on a brief of the 
employer's requirements. The brief should ideally be prepared by the 
employer's engineer and costed by him, so that contractors are tender
ing on a brief that is within the employer's budget. It is costly for 
contractors to tender for this type of contract in competition, as each 
contractor will have to produce a design to meet the brief and price for 
construction. Where this process is taken to excess at the tendering 
stage, it will result in an uneconomic use of resources. Hence, many 
contractors are not prepared to proceed beyond outline sketch design 
and an indicative price at the competitive tender stage. Furthermore, 
the evaluation and comparison of contractors' tenders is complicated 
as each contractor is likely to interpret the brief in a different way. 
Hence considerable adjustments may be needed to reduce them to a 
common basis for purposes of comparison.19 

(6) Negotiated contracts. As a general rule, negotiation of a contract 
with a single contractor should take place only if it can be shown to 
result in positive advantages to the employer. There are a number of 
situations in which negotiations may be beneficial to the employer and 
some of the more common instances are now listed: 

(1) The employer has a business relationship with the contractor. 
(2) The employer finds it difficult, or even impossible, to finance the 

project in any other way. 
(3) The employer has let a contract in competition, and then another 

contract of similar design comes on programme. 
(4) In particular geographical areas where there ma,y be only one 

contractor available to do the work. 
(5) A certain contractor is the only one available with either the exper

tise or the special plant required to carry out the project. 
(6) At times when the construction industry is grossly over-stretched 

and negotiation offers the best approach. 
(7) Where a rapid start is required, as for example when the original 

contractor has gone into liquidation.19 
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The two principal methods of negotiation are: 

(1) Using the competitive rates obtained for similar work undertaken 
under similar conditions in another contract; but there are many 
inherent problems in adjusting the existing rates to provide a basis 
for pricing the new work. 

(2) An agreed assessment of the estimated cost, to which will be added 
an agreed percentage for head office overheads and profit, which can 
be subsequently documented in a normal bill of quantities. 

There are certain essential features which are required if the negotia
tion is to proceed satisfactorily. These include equality of the nego
tiator for each party, parity of information, agreement as to the basis of 
negotiation and an approximate apportionment of cost between suit
able heads, such as site management, contractor's own labour, direct 
materials, plant, contractor's own sub-contractors, nominated sub
contractors, nominated suppliers, provisional sums and contingen
cies, and head office overheads and profit.19 

Advantages can accrue from a decision to select a contractor and to 
negotiate a contract sum with him. For instance, the contractor can be 
brought in at an early stage as a member of the design team, so that full 
advantage can be taken of his knowledge, experience and construc
tional resources. He can take an effective role in the planning process, 
which should help towards producing a better design solution at lower 
cost, and possibly with a shorter completion time. Further benefits 
may be secured if sub-contractors are brought in at the same time. 

With the contractor appointed, agreement may be reached on the 
format of the bill of quantities which will be of the greatest use to the 
contractor in programming, progressing and cost controlling the pro
ject. Where bills are produced by computer, it is relatively easy to 
produce bills in any alternative form very quickly.18 

There are, however, weaknesses inherent in the negotiating pro
cess, such as the length of time required for pricing and negotiation 
and that there is rarely any guarantee that a lower price will be 
obtained than by the normal competitive tendering procedure. It may 
be argued that the allowance for business risk is a matter of opinion, 
the anticipated profit is based on hope, and off-site overheads are 
dictated by the efficiency of the construction organisation. Hence the 
probability of negotiating a contractor's margin equal to, or less than, 
that prevailing in the competitive market is in all probability unlikely.18 

(7) Management contracts. The management contract is a system 
whereby a main contractor is appointed, either by negotiation or in 
competition, to manage the construction of a project on behalf of the 
employer, but not to undertake the physical construction, and works 
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closely with the employer's professional advisor(s). All physical con
struction is undertaken by sub-contractors normally selected in com
petition. The management contractor provides common services to 
the sub-contractors such as welfare facilities, and plant and equipment 
that is not confined to one sub-contractor, and sufficient management 
both on and off the site to undertake the planning and management, 
co-ordination and control of the project. He is paid a fee for his 
services and in addition, the cost of his on-site management, common 
services and the cost of all work undertaken by sub-contractors. 

The management contract, which emanated from the United States, 
is most appropriate to large, complex projects exceeding £20m in 
value, which exhibit particular problems that militate against the em
ployment of fixed price contract procedures. Typical examples are: 

(1) Projects for which complicated machinery is to be installed concur
rently with the construction work. 

(2) Projects for which the design process will of necessity continue 
throughout most of the construction period. 

(3) Projects on which construction problems are such that it is neces
sary or desirable that the design and management team includes a 
suitably experienced contractor appointed on such a basis that his 
interests are largely synonymous with those of the employer's 
professional advisor(s). 

The management contractor will be concerned with keeping the cost 
of the works within the project budget, made up of the estimated value 
of sub-contract packages, site management and other related costs, 
and termed the estimate of prime cost (EPC) for the project. He also 
reports to the employer on possible extras and deals with the sub
contractors in regard to such matters as claims for loss and expense 
and the settlement of accounts. The management contractor attends 
all design and progress meetings and it is good policy for a representa
tive of the employer also to be in attendance. The management con
tractor will be able to report, among other matters, on the dates by 
which he will require design information and on any information that is 
already late. 

An alternative to management contracting is construction manage
ment, where a construction manager is paid a fee to manage the 
project, but he does not enter into any contracts which are all with the 
employer. The manager carries virtually no risk and his sole allegiance 
is to the employer and the project. It is best suited to employers who 
regularly commission civil engineering projects, have considerable 
in-house expertise and wish to be involved in the day-to-day progress 
of the works.19 
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Form and Purpose of Contract Documents 

Contract documents form the basis on which a civil engineering con
tractor will prepare his tender and carry out and complete the contract 
works. It is, accordingly, essential that the documents shall collectively 
detail all the requirements of the project in a comprehensive and 
unambiguous way. These documents also identify all the rights and 
duties of the main parties to the contract- the employer, engineer 
and contractor. Collectively they constitute a binding contract, where
by the contractor undertakes to construct works in accordance with 
the details supplied by the engineer and the employer agrees to pay 
the contractor in stages during the execution of the works in the 
manner prescribed in the contract.15 

The contract documents normally used in connection with a civil 
engineering contract are as follows. 

(1) Form of Agreement 
(2) Conditions of Contract 
(3) Specification 
(4) Bill of Quantities 
(5) Contract Drawings 
(6) Form of Tender 

Consideration will now be given to the nature and purpose of each 
of these documents. 

(1) Form of Agreement 

The Form of Agreement constitutes the formal agreement between the 
employer (promoter) and the contractor for the execution of the 
works, both permanent and temporary, in accordance with the other 
contract documents. The employer covenants to pay the contractor at 
the times and in the manner prescribed by the contract. The Form of 
Agreement incorporated in the ICE Conditions of Contract13 is that 
generally used. 

(2) Conditions of Contract 

The Conditions of Contract define the terms under which the work is 
to be undertaken, the relationship between the employer (promoter), 
the engineer and the contractor, the powers of the engineer and the 
terms of payment. For many years it had been considered desirable to 
use a standard set of conditions which could, as far as practicable, be 
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applicable to all civil engineering contracts. Any special conditions 
relating to an individual contract can be added to the general clauses. 

In 1945 the Institution of Civil Engineers and the Federation of Civil 
Engineering Contractors issued a standard set of Conditions of 
Contract for use in connection with works of civil engineering con
struction. In the later editions of this document the Association of 
Consulting Engineers was concerned with its preparation, in addition 
to the other two bodies previously mentioned. The current edition is 
the sixth edition of the ICE Conditions issued in 1991.13 In 1988, the ICE 
Conditions of Contract for Minor Works20 was issued to cover smaller 
straightforward projects undertaken over short periods and the poten
tial risks to both employer and contractor are small. Furthermore, 
other sets of conditions have been specially prepared to cover civil 
engineering works to be carried out overseas, of which the Interna
tional (Civil) Conditions of Contract generally known as the FIDIC 
Conditions21 are the most widely used, having evolved from the ICE 
Conditions, with provision for the insertion of the ruling language in 
which the contract is to be construed and interpreted. It was first 
introduced in 1957 and the fourth edition was published in 1987. 

In 1991, the ICE published The New Engineering Contract22 to pro
vide maximum flexibility with a core contract and six main options 
encompassing a conventional contract with activity schedule; conven
tional contract with bill of quantities; target contract with activity 
schedule; target contract with bill of quantities; cost reimbursable 
contract; and management contract; with a variety of secondary op
tions for use where necessary, to allow the employer to choose the 
version most appropriate to his needs. 

For building work it is usual to make use of the standard conditions 
issued by the joint Contracts Tribunal for the Standard Form of Build
ing Contract, and generally referred to as the 'JCT Conditions' .23 There 
are alternative forms for use with quantities, without quantities and 
with approximate quantities and there are, in addition, conditions 
specially devised for use on local authority contracts. In addition there 
are JCT Standard Forms of Building Contract for use with contractor's 
design, management contracts, intermediate form, minor building 
works, measured term contracts, and fixed fee form of prime cost. 

Where the contract is of very limited extent and the use of the 
standard comprehensive set of conditions is not really justified, an 
abbreviated set of conditions, normally worked up from the appropri
ate set of standard conditions, can be adopted. 

With certain specialised classes of civil engineering work the responsi
ble authorities have seen fit to introduce a number of clauses, which 
modify or supplement the standard clauses of the 'ICE Conditions'. A 
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typical example is the clauses prepared for use on power station 
contracts. The making of modifications to the ICE Conditions can lead 
to uncertainties and disputes which are better avoided, and they make 
the task of the contractor in preparing his tender more difficult. An ICE 
publication 14 emphasises the desirability of adding special conditions, 
where necessary, instead of making modifications to the standard 
conditions. There is a separate set of conditions for use on government 
contracts for building and civil engineering work.24 

The ICE Conditions of Contract for use in connection with works of 
civil engineering construction are almost invariably included as one of 
the contract documents on a civil engineering contract. The principal 
clauses of the 'ICE Conditions',13 covering the measurement and valua
tion of the works are clauses 51 and 52, dealing with alterations, 
additions and omissions, clauses 55, 56 and 57 covering measurement, 
clauses 58 and 59 relating to provisional and prime cost sums and 
nominated sub-contracts, and clauses 60 and 61, which are concerned 
with certificates and payment. 

The content and effect of these clauses are now considered in some 
detail. 

Alterations, Additions and Omissions 

51 (1) Ordered Variations 

The Engineer has the power to vary any part of the Works, including 
temporary works, and ordered variations may include changes in the 
specified sequence, method or timing of construction and may be 
ordered during the defects correction period. The Engineer's powers 
do not, however, extend to variation of the terms and conditions of the 
Contract. 25 A wide variety of circumstances result in variations to the 
works, ranging from adverse weather conditions to delays occasioned 
by the finding of fossils on the site. 

51 (2) Ordered Variations to be in Writing 

The Contractor should not make any variation unless he receives a 
written order or written confirmation of a verbal order from the En
gineer. The Contractor may himself confirm in writing an oral order of 
the Engineer and the latter must give written contradiction forthwith, 
otherwise it is deemed to be a written order by the Engineer. Should 
the Engineer fail to confirm his oral instruction to vary the works, or 
contradicts a written confirmation already issued to the Contractor, 
then a dispute exists which is referrable to arbitration under clause 66. 



Contracts and Contract Documents 25 

51 (3) Variation not to Affect Contract 

No variation ordered in accordance with clauses 51 (1) and 51 (2) can 
invalidate a contract in any way and the value of the variations must be 
taken into account when determining the Contract Price. 

51 (4) Changes in Quantities 

The Engineer is not required to issue a written order to cover changes 
in quantity of billed items, which do not arise from the issue of a 
variation order, as these will be adjusted automatically when measur
ing and valuing the work as executed. 

52(1) Valuation of Ordered Variations 

The Engineer is required to consult with the Contractor prior to ascer
taining the value of variations ordered under clause 51. The value of 
ordered variations is to be determined in accordance with the follow
ing principles: 

(i) Where work is of a similar character and executed under similar 
conditions to work priced in the Bill of Quantities, it shall be 
valued at applicable rates and prices. 

(ii) Where work is not of a similar character or is not executed under 
similar conditions, or is ordered during the Defects Correction 
Period, the rates and prices in the Bill of Quantities shall be used as 
a basis for valuation so far as may be reasonable, otherwise a fair 
valuation is to be made. 

Normally evaluation will be secured by agreement between the Con
tractor and the Engineer; failing this the Engineer is empowered to 
determine the rate or price in accordance with the principles outlined 
and to notify the Contractor. 

52(2) Engineer to Fix Rates 

Variations may render some billed rates or prices unreasonable or 
inapplicable and either the Engineer or Contractor may give notice to 
the other that rates or prices should be varied. Such notice is required 
to be given before commencement of the varied work or as soon 
thereafter as practicable. The Engineer shall fix such rates as he con
siders reasonable and proper, presumably having regard to the com
ponent elements of the original rates or prices.25 
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52(3) Daywork 

The Engineer may, if he considers it necessary or desirable, order in 
writing that any additional or substituted work shall be executed on a 
daywork basis. The Contractor is required to submit to the Engineer for 
his approval quotations for materials before ordering them. This pro
cedure could result in delay to the works giving rise to a claim for 
extension of time under clause 44.25 The payment of daywork is dealt 
with in clause 56(4). 

52(4) Notice of Claims 

If the Contractor intends to claim a higher rate or price than the one 
notified to him by the Engineer pursuant to clauses 52(1), 52(2) or 56(2), 
he is required to give written notice within 28 days of receiving the 
Engineer's notification. In the case of claims for additional payment, 
other than those arising under clauses 52(1), 52(2) or 56(2), the Contrac
tor is required to give written notice to the Engineer of his intention to 
claim as soon as reasonably possible and, in any event, within 28 days 
after the occurrence of the event giving rise to the claim and to keep 
supporting records. The Engineer may without admitting liability in
struct the Contractor to keep such records and to permit the Engineer 
to inspect them and receive copies if required. 

After notification, the Contractor shall submit to the Engineer, as 
soon as is reasonably practicable, a first interim account giving detailed 
particulars of the claim including the amount claimed and the grounds 
of the claim. Thereafter, at the reasonable request of the Engineer, the 
Contractor shall provide an updated statement incorporating any 
further grounds on which it is based. If the Contractor fails to produce 
particulars within the prescribed time limits or in any other way pre
vents or prejudices the Engineer's investigations into the claim, the 
Engineer may restrict consideration to the particulars provided. 

Approved payments against claims may be included in interim cer
tificates issued pursuant to clause 60. To ensure that the Employer 
continuously has a reasonable forecast of the probable final value of 
the contract, the Contractor should notify his intention to claim addi
tional payment at the earliest possible opportunity and to particularise 
his claim as soon as he is reasonably able to do so, quite apart from any 
specific provisions in the Conditions of Contract. However, claims may 
result from previously unforeseen contention arising during the finalis
ing of the measured account. 25 



Contracts and Contract Documents 27 

Measurement 

55(1) Quantities 

The quantities set out in the Bill of Quantities are estimated quantities 
of the work, but not necessarily actual or correct quantities, and may 
accordingly be varied. 

55(2) Correction of Errors 

Any error in description or omission from the Bill of Quantities shall be 
corrected by the Engineer and the value of the work actually executed 
is to be ascertained in accordance with clause 52. This provision does 
not extend to the rectification of errors, omissions or wrong estimates 
in the descriptions, rates and prices inserted in the Bill of Quantities by 
the Contractor. 

This provision gives added importance to the use and effect of 
CESMM3, although a billed item that is clear and unambiguous will 
always take precedence over the Standard Method notwithstanding 
clause 57. 26 

56(1) Measurement and Valuation 

Except as otherwise stated, the Engineer is required to ascertain and 
determine by measurement the value in accordance with the contract 
of work done under it. 

56(2) Increase or Decrease of Rate 

The Engineer is empowered, after consultation with the Contractor, to 
vary rates or prices where these have been rendered unreasonable or 
inapplicable as a result of fluctuation in quantities. Should the Contrac
tor disagree with the Engineer's proposals, he should invoke the provi
sions of sub-clause 52(4)(a). 

This sub-clause recognises that in tendering the Contractor has no 
choice but to accept the billed quantity, but at the same time, owing to 
the very nature of civil engineering work, the Engineer cannot be 
precise in calculating the quantities required. Adjustment of quantities 
can be either up or down. In general an increased quantity should 
result in more economic use of plant and a reduction of rate. However, 
it may not always be so, particularly if more distant tips have to be used 
or plant requirements are changed. 26 
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56(3) Attending for Measurement 

Where the Engineer requires any part of the Works to be measured he 
shall give reasonable advance notice in writing to the Contractor, who 
shall either attend or send a qualified agent to assist in making the 
measurement. If the Contractor fails to attend the measurement or 
send a representative, then the measurement made by the Engineer or 
his representative shall be taken as being the correct measurement. It 
is important that any delegation of the Engineer's duties under this 
clause and any limitations placed on them, shall be fully particularised 
and notified in writing to the Contractor.25 

56(4) Daywork 

The Contractor is required to supply to the Engineer such records, 
receipts and documents as proof of the amounts paid and/or costs 
incurred. These returns shall be in the form and delivered at the times 
directed by the Engineer and shall be agreed within a reasonable time. 
Where the Engineer so requires the Contractor shall submit quotations 
for materials for approval before ordering them. 

The Contractor shall be paid for daywork under the conditions and 
at the rates and prices contained in the Daywork Schedule included in 
the Bill of Quantities. In the absence of a Daywork Schedule the 
Contractor will be paid in accordance with the Schedule of Dayworks 
carried out incidental to Contract Work27 current at the date the work 
is carried out. Daywork is paid at the schedule rates operative at the 
date of execution (not at tender date) and hence this work cannot be 
included in price fluctuation accounts. 26 

57 Method of Measurement 

Except where expressly indicated in the Bill of Quantities, it shall be 
deemed to have been prepared in accordance with the Civil Engineer
ing Standard Method of Measurement, Third Edition (CESMM3). 1 

CESMM3 will be inserted in the Appendix to the Form of Tender where 
it is used as the basis of measurement. It will be necessary to amend 
this clause if some other method of measurement, such as the building 
method, is adopted. 

Provisional and Prime Cost Sums and Nominated Sub-Contracts 

58(1) Use of Provisional Sums 

Provisional sums can be included in the Contract for the execution of 
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work, or supply of goods, materials or services by the Contractor or by 
a Nominated Sub-contractor. 

58(2) Use of Prime Cost Items 

Prime Cost (PC) Items can be used for the execution of work or for the 
supply of goods, materials and services by a sub-contractor nominated 
by the Engineer. Alternatively the Contractor may himself opt to per
form these services and will be paid in accordance with his submitted 
quotation accepted by the Engineer or, in the absence of such a 
quotation, the value will be determined in accordance with clause 52. 

58(3) Design Requirements to be Expressly Stated 

If any Provisional Sum or Price Cost Item includes the provision of 
design or specification services in connection with Permanent Works 
or any equipment or plant to be provided, such as surveys or soil 
investigations, this shall be expressly stated in the Contract and in
cluded in any Nominated Sub-contract. The Contractor's obligation in 
respect of such services shall be limited to that which is expressly 
stated in accordance with this clause, since under clause 8 the Contrac
tor is not responsible for the design of any Permanent Works. 

59(1) Nominated Sub-contractors - Objection to Nomination 

The Contractor is not obliged to enter into a sub-contract with any 
Nominated Sub-contractor against whom he raises reasonable objec
tion or who declines to enter into a sub-contract with him containing 
the five provisions incorporated in this clause. 

59(2) Engineer's Action upon Objection to Nomination or upon 
Determination of Nominated Sub-contract 

This clause prescribes five alternative courses of action which the 
Engineer may take where the Contractor objects to the appointment of 
a Nominated Sub-contractor. 

59(3) Contractor Responsible for Nominated Sub-contractors 

This emphasises that the Contractor shall be responsible for the work 
executed or goods, materials or services supplied by a Nominated 
Sub-contractor. 
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59(4)(a) Nominated Sub-contractor's Default 

Where the Contractor considers that an event has arisen which justifies 
the exercise of his right under the forfeiture clause to terminate the 
sub-contract or treat it as repudiated by the Nominated Sub
contractor, he shall immediately notify the Engineer in writing. 

59(4)(b) Termination of Sub-contract 

With the Engineer's written consent, the Contractor may give notice to 
the Nominated Sub-contractor expelling him from the Sub-contract 
works or rescinding the Sub-contract. If however the Engineer with
holds consent, the Contractor is entitled to receive appropriate in
structions under clause 13. 

59(4)(c) Engineer's Action upon Termination 

If the Nominated Sub-contractor is expelled from the Sub-contract 
works, the Engineer shall immediately take appropriate action under 
clause 59(2). 

59(4)(d) Delay and Extra Expense 

Where the Contractor, with the Engineer's consent, terminates the 
Nominated Sub-contract, he shall take all appropriate actions to re
cover all additional expenses that are incurred from the Sub-contractor 
or under the security provided pursuant to sub-clause 59(1)(d), includ
ing any additional expenses incurred by the Employer as a result of the 
termination. 

59(4)(e) Reimbursement of Contractor's Loss 

Where the Contractor fails to recover all his reasonable expenses of 
completing the Sub-contract works and all his proper additional ex
penses resulting from the termination, he will be reimbursed his unre
covered expenses by the Employer. 

59(5) Provisions for Payment 

For all work executed or goods, materials or services supplied by 
Nominated Sub-contractors, the following items shall be included in 
the Contract Price: 

(a) The actual price paid or due to be paid by the Contractor under the 
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terms of the sub-contract, unless resulting from a default of the 
Contractor, net of all trade and other discounts, rebates and allow
ances other than any discount obtainable by the Contractor for 
prompt payment. 

(b) The sum (if any) provided in the Bill of Quantities for associated 
labours. 

(c) In respect of all other charges and profit, a sum which is a percent
age of the actual price paid or due to be paid, calculated at the rate 
set against the relevant item of prime cost in the Bill of Quantities 
or, where there is no such provision, at the rate inserted by the 
Contractor in the Appendix to the Form of Tender as the percent
age for adjustment of sums set against Prime Cost Items. 

59(6) Production of Vouchers, etc. 

The Contractor shall where required by the Engineer produce all 
quotations, invoices, vouchers, sub-contract documents, accounts and 
receipts relating to expenditure on work carried out by all Nominated 
Sub-contractors. 

59(7) Payment to Nominated Sub-contractors 

Prior to issuing any certificate under clause 60, which includes pay
ment to a Nominated Sub-contractor, the Engineer is entitled to re
ceive proof from the Contractor that all payments under previous 
certificates, less retentions, have been paid or discharged. 

In the event of the Contractor withholding such payments he should 
give written notice to the Engineer showing reasonable cause and 
proof that the Nominated Sub-contractor has been notified in writing. 

The Employer is entitled to pay direct to a Nominated Sub-contractor, 
on an Engineer's certificate, any sum or sums, less retentions, withheld by 
the Contractor and to set-off any such payments against amounts due or 
which become due from the Employer to the Contractor.25 

Nevertheless, it behoves the Engineer to exercise these provisions 
with discretion. It follows that payment must already have been made 
to the Contractor so that direct payment to the Nominated Sub
contractor is necessarily a double payment, and there must be a suf
ficiency of monies owing to the Contractor to provide set-off.26 

Where the Engineer has certified and the Employer has made direct 
payment to the Nominated Sub-contractor, the Engineer shall in 
issuing any further certificate in favour of the Contractor deduct from 
the amount thereof the amount so paid but shall not withhold or delay 
the issue of the certificate itself when due to be issued under the terms 
of the contract. 
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Certificates and Payment 

60(1) Monthly Statements 

The Contractor is required to submit to the Engineer a monthly state
ment, in a form prescribed in the Specification where applicable, and 
showing the estimated contract value of the Permanent Works up to 
the end of the month, a list and the value of goods or materials 
delivered to the Site but not yet incorporated in the Permanent Works, 
a list and value of goods or materials listed in the Appendix to the Form 
of Tender not yet delivered to the Site, but of which property is vested 
in the Employer pursuant to clause 54, and the estimated amounts to 
which the Contractor considers himself entitled covering such items as 
Temporary Works, Contractor's Equipment and, with the operation of 
CESMM3, thb may include method-related charges. Although only a 
statement is called for, it should be prepared in sufficient detail to 
enable the Engineer or his Representative to check the submission. It is 
good practice for the Contractor to submit a fully detailed statement 
quarterly with summary statements in the intervening months.28 

No statement is, however, to be submitted where the Contractor 
considers that the total estimated value will fall below the sum inserted 
in the Appendix to the Form of Tender as being the Minimum Amount 
of Interim Certificates under clause 60(2). 

Amounts payable in respect of Nominated Sub-contracts are to be 
listed separately. 

60(2) Monthly Payments 

Following delivery by the Contractor to the Engineer or the Engineer's 
Representative of the monthly statement under clause 60(1), the En
gineer is required to certify and the Employer to pay the Contractor all 
within 28 days of delivery of the Contractor's monthly statement. To 
achieve this it will be necessary for the Contractor and Engineer to 
work closely together both in the taking of measurements and agree
ment of rates. 26 

Amounts certified by the Engineer for items listed in sub-clauses 
60(1)(a) and (d) (Permanent Works, Temporary Works, Contractor's 
Equipment and the like) will be subject to retention, while amounts 
certified against items listed in sub-clauses 60(1)(b) and (c) (goods or 
materials) will not be subject to retention. The Engineer is to show 
separately amounts certified in respect of Nominated Sub-contracts. 
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60(3) Minimum Amount of Certificate 

The Engineer is not bound to issue, but at the same time is not 
prevented from issuing, an interim certificate for a sum less than that 
stated in the Appendix to the Form of Tender, until the whole of Works 
have been certified as substantially complete. 

60(4) Final Account 

Within three months of the date of the Defects Correction Certificate 
the Contractor is required to submit to the Engineer a statement of 
final account and supporting documentation, showing in detail the 
value of work done in accordance with the contract together with all 
further sums the Contractor considers due to him under the Contract 
up to the date of the Defects Correction Certificate. 

Within three months after receipt of the final account and all in
formation reasonably required for its verification, the Engineer is re
quired to issue a final certificate stating the amount which, in his 
opinion, is finally due under the Contract up to the date of the Defects 
Correction Certificate. The balance thus determined must be paid 
subject to clause 47 (liquidated damages) within 28 days of the date of 
the final certificate. 

60(5) Retention 

Retention as provided for in sub-clause 60(2)(a) shall be calculated as 
the difference between: 

(a) an amount calculated at the rate indicated in and up to the limit set 
out in the Appendix to the Form of Tender upon the amount due to 
the Contractor based on sub-clauses 60(1 )(a) and 60(1 )(d) and 

(b) any payment which shall have become due under clause 60(6). 

60(6) Payment of Retention 

(a) When a Certificate of Substantial Completion is issued relating to 
any section or part of the Works, the Contractor is entitled to one 
half of such proportion of the retention money deductible to date 
under sub-clause 60(5)(a) as the value of the section or part bears 
to the value of the whole of the Works completed to date as 
certified under sub-clause 60(2)(a), and this shall be added to the 
amount next certified as due to the Contractor under clause 60(2). 
However, the total of the amounts released shall not exceed one 
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half of the limit of retention set out in the Appendix to the Form of 
Tender. 

(b) When the Certificate of Substantial Completion is issued for the 
whole of the Works, the Contractor is entitled to one half of the 
retention money calculated in accordance with sub-clause 60(5)(a), 
and payments shall be made within 14 days of the issue of Certifi
cates. 

(c) Upon the expiration of the Defects Correction Period (or the latest 
period where there is more than one), the remainder of the reten
tion money shall be paid to the Contractor within 14 days, irrespec
tive of whether there are outstanding claims by the Contractor 
against the Employer. Although if outstanding work remains unex
ecuted by the Contractor, as referred to under clause 48 or any 
work pursuant to clauses 49 or 50, the Employer may withhold 
payment until the completion of such work, or an amount which, 
in the opinion of the Engineer, is equivalent to the cost of the work 
remaining to be executed. 

60(7) Interest on Overdue Payments 

Failure by the Engineer to certify or the Employer to pay in accordance 
with clauses 60(2), (4) or (6), or any finding of an arbitrator to such 
effect, renders the Employer liable to pay interest to the Contractor on 
any overdue payment calculated at a rate equivalent to 2 per cent per 
annum above the base lending rate of the bank specified in the Appen
dix to the Form of Tender. Where an arbitrator under clause 66 finds 
that an Engineer fails to certify sums due by a specific date, these will 
be regarded as overdue for payment. 

60(8) Correction and Withholding of Certificates 

The Engineer shall not in any interim certificate reduce sums previous
ly certified to Nominated Sub-contractors, if the Contractor shall have 
already paid or be bound to pay the sums, notwithstanding his general 
entitlement to omit from any certificate the value of any work done, or 
goods, materials or services rendered with which he may be dissatis
fied. If the Engineer in the final certificate shall reduce sums previously 
certified and paid to the Nominated Sub-contractors provision is made 
for the Employer to reimburse the Contractor. This provision necessi
tates careful certification of sums to Nominated Sub-contractors. 

60(10) Copy of Certificate for Contractor 

Every certificate issued by the Engineer under clause 60 shall be sent to 
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the Employer and a copy to the Contractor, with a detailed explanation 
as appropriate. 

61 (1) Defects Correction Certificate 

The Defects Correction Certificate, certifying the satisfactory construc
tion, completion and maintenance of the Works, cannot be issued 
until the expiration of the Defects Correction Period (or the latest 
period where there is more than one) or until such later time as any 
works required under clauses 48, 49 and 50 have been completed to 
the Engineer's satisfaction. 

The release of the second half of retention is to be made 14 days after 
the expiration of the Defects Correction Period but is not dependent 
on the issue of a Defects Correction Certificate. As noted previously, a 
deduction may be made from such retention money equivalent to the 
cost of any work ordered and outstanding under clauses 48, 49 and 50. 

The Engineer is required to send a copy of the Defects Correction 
Certificate to the Contractor when it is issued to the Employer. 

61 (2) Unfulfilled Obligations 

The issue of the Defects Correction Certificate shall not relieve the 
Contractor or the Employer of their obligations under the Contract. 

Contract Price Fluctuations 

The contract price fluctuations clause is optional and is normally in
cluded in contracts of over two years duration. It consists of a cost 
indices system of variation of price which superseded the former 
laborious procedure of calculating the price fluctuations from wage 
sheets and invoices. 

There is a separate clause (FSS) covering contract price fluctuations 
for use in those cases where it is required to make special provision for 
adjustment of price fluctuations in respect of fabricated structural 
steelwork only or predominantly fabricated structural steelwork 
together with a negligible amount of civil engineering work. 

The amount to be added to, or deducted from, the contract price is 
the net amount of the increase or decrease in cost to the contractor in 
carrying out the works. The index figures are compiled by the Depart
ment of the Environmene9 and comprise: 

(1) the index of the cost of labour in civil engineering construction; 
(2) the index of the cost of providing and maintaining constructional 

plant and equipment; and 
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(3) the indices of constructional materials prices in respect of aggre
gates, bricks and clay products generally, cements, cast iron pro
ducts, coated roadstone for road pavements and bituminous 
products generally, fuel for plant to which DERV fuel index will be 
applied, fuel for plant to which gas oil index will be applied, timber 
generally, reinforcement, other metal sections, fabricated structu
ral steel, and labour and supervision in fabricating and erecting 
steelwork. 

The base index figure is the appropriate final index figure applicable 
to the date 42 days prior to the date for the return of tenders, while the 
current index figure applies to the completion date or the last day of 
the period to which the certificate relates, whichever is the earliest. 

The fluctuations apply to the effective value, as and when included 
in the monthly statements by the contractor and certified by the en
gineer and are subject to retention in accordance with clause 60(4). 
Materials on site are not included in the effective value. Dayworks or 
nominated sub-contractors' work are only excluded from the effective 
value if based on actual cost or current prices. 

The increase or decrease in the amounts otherwise payable under 
clause 60 is calculated by multiplying the effective value by a price 
fluctuation factor, which is the net sum of the products obtained by 
multiplying each of the proportions inserted by the contractor against 
labour, plant and materials in sub-clauses 4(a), (b) and (c), by a frac
tion, the numerator of which is the relevant current index figure minus 
the relevant base index figure, and the denominator of which is the 
relevant base index figure. Provisional index figures used in the adjust
ment of interim certificates shall be subsequently recalculated on the 
basis of the corresponding final index figures. 

The simplified formula results in a degree of approximation due to: 

(1) the extent to which the proportional factors inserted by the con
tractor vary from the operative figures on the site; 

(2) the extent to which the factors and weightings forming the basis 
for each index vary from those appertaining to the particular con
tract; and 

(3) the pattern of interim payments which may vary significantly from 
the pattern of costs incurred.28 

Form and Purpose of Contract Documents (continued) 

(c) Specification 

The specification amplifies the information given in the contract draw-
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ings and the bill of quantities. It describes in detail the work to be 
executed under the contract and the nature and quality of the ma
terials, components and workmanship. It gives details of any special 
responsibilities to be borne by the contractor, apart from those 
covered by the general conditions of contract. It may also contain 
clauses specifying the order in which the various sections of the work 
are to be carried out, the methods to be adopted in the execution of 
the work, and details of any special facilities that are to be afforded to 
other contractors. 

Civil Engineering Procedure14 issued by the Institution of Civil En
gineers recommends that the specification should also require tender
ers to submit a programme and a description of proposed methods 
and temporary works with their tenders. Care is needed when drafting 
a specification to avoid any conflict with provisions in the conditions of 
contract or bill of quantities. 

The specification will always constitute a contract document in civil 
engineering contracts, while in the case of building contracts, under 
the JCT form of contract, it will only be a contract document, if there is 
no bill of quantities or when it is specifically made a contract document 
in the particular contract. 

A Sub-committee of the Institution of Civil Engineers in a report 
entitled The Contract System in Civil Engineering, issued in 1946, drew 
attention to the desirability of standardising specifications, particularly 
with regard to materials, where there had been wide variations in the 
descriptions used. The use of British Standards helps considerably in 
this respect, ensuring the use of good quality materials, complying 
with the latest requirements prepared by expert technical committees 
representing the user, producer, research and other interests. Their 
use also simplifies the work of the engineer, since in most cases he no 
longer needs to draft clauses specifying in detail the materials to be 
used. In time, British Standards may be replaced by Eurocodes. 

It is, however, most important that any references to British Stan
dards should include the appropriate class or type of material re
quired, where a number of classes or types are given in the British 
Standard; for example, clauses sometimes appear in specifications 
relating to 'first quality' and 'second quality' clay pipes complying with 
BS 65, whereas the classes of pipe recognised by that standard are 
'British Standard', 'British Standard Surface Water' (SW) and 'British 
Standard Extra Chemically Resistant' (ECR). 

An excellent arrangement for a specification covering civil engineering 
works is to start with any special conditions relating to the contract and 
the extent of the contract; then to follow with a list of contract drawings, 
details of the programme, description of access to the site, supply of 
electricity and water, offices and mess facilities, and statements regarding 
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suspension of work during frost and bad weather, damage to existing 
services, details of borings, water levels and similar clauses. 

This section could conveniently be followed by detailed clauses 
covering the various sections of the work, starting with materials in 
each case and then proceeding with workmanship and other clauses. 

There is a considerable difference in the method of preparing speci
fications and bills of quantities for civil engineering work as compared 
with building work. 

The civil engineering practice is to use brief descriptions in the items 
in the bill of quantities and to give more comprehensive and detailed 
information concerning the materials, components and workmanship, 
in the specification, which is also a contract document. With building 
contracts the billed item descriptions are more lengthy and preamble 
clauses at the head of each work section bill frequently take the place 
of the specification, which would not in any case be a contract docu
ment, where quantities form part of the contract. 

The contractor tendering for a civil engineering project must there
fore refer in many instances to the specification for the details he 
needs on which to build up his contract rates, while on a building 
contract, most of the information will be contained in the one docu
ment, that is, the bill of quantities. Once the contract is under way, the 
civil engineering method has much in its favour with a good compre
hensive specification as a separate and strictly enforceable document. 
Guidance on the preparation of civil engineering specifications, 
accompanied by extensive examples, is contained in Civil Engineering 
Specification. 30 

(d) Bill of Quantities 

The bill of quantities consists of a schedule of the items of work to be 
carried out under the contract with quantities entered against each 
item, the quantities being prepared in accordance with the Civil En
gineering Standard Method of Measurement (CESMM3). Owing to the 
small scale of many of the drawings, the large extent of the works and 
the uncertainties resulting from difficult site conditions, the quantities 
inserted in a bill are often approximate. Nevertheless, the quantities 
should be as accurate as the information available allows and the 
descriptions accompanying each item must clearly identify the work 
involved. 

The unit rates entered by the contractor against each item in the bill 
of quantities normally include all overhead charges and profit, but 
subject to the approach adopted in pricing method-related charges 
and the adjustment item in the grand summary. The contract usually 
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makes provision for the quantities to be varied, and it is therefore 
highly desirable that separate items should be incorporated as 
method-related charges against which the contractor may enter the 
cost of meeting various contingent liabilities under the contract, such 
as special temporary works, and this aspect will be dealt with in more 
detail in chapter 4. The distribution of these liabilities over the mea
sured items in the bill of quantities may make for difficulties in the 
event of any variations arising to the contract. 

Provision is often made for the execution of certain work at daywork 
rates in a civil engineering bill of quantities. 

One of the primary functions of a civil engineering bill of quantities 
is to provide a basis on which tenders can be obtained, and, when 
these are priced, they afford a means of comparing the various tenders 
received. After the contract has been signed, the rates in the priced bill 
of quantities can be used to assess the value of the work as executed. 

(e) Contract Drawings 

The contract drawings depict the details and scope of the works to 
be executed under the contract. They must be prepared in suffi
cient detail to enable the contractor to satisfactorily price the bill of 
quantities. 

All available information as to the topography of the site and the 
nature of the soil and groundwater should be made accessible to all 
contractors tendering for the project. The contract drawings will be 
subsequently used when executing the works and may well be sup
plemented by further detailed drawings as the work proceeds. 

Existing and proposed work should be clearly distinguished on the 
drawings and full descriptions and explanatory notes should be en
tered on them. The more explicit the drawings, the less likelihood will 
there be of disputes subsequently arising concerning the character or 
extent of the works. Ample figured dimensions should be inserted on 
drawings to ensure maximum accuracy in taking off quantities and in 
setting out constructional work on the site. Drawings may incorporate 
or be accompanied by schedules, such as those recording details of 
steel reinforcement and manholes. 

For example, a contract encompassing a sewage treatment works, 
sewers and other associated work could be depicted on the following 
drawings: layout of sewage treatment works; working drawings of 
each section of the works, such as siteworks, inlet works, primary 
tanks, aeration tanks, secondary tanks, pumphouses, and culverts 
and pipework to a scale of 1:50 or 1 :100; layout of the sewers and 
manholes often on a 1:2000 plan; longitudinal sections of sewers 
often to an exaggerated combined scale of 1:2000 horizontally and 
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1:500 vertically; manhole details to a scale of 1 :50; and pumphouse 
details, where appropriate, to 1:50 scale. 

(f) Form of Tender 

The Form of Tender constitutes a formal offer to construct and com
plete the contract works in accordance with the various contract docu
ments for the tender sum. It usually incorporates the contract period 
within which the contractor is to complete the works. Normally the 
tenderer submits a tender complying fully with the specification, but in 
some instances he is permitted to offer alternative forms of construc
tion. The employer's written acceptance of the offer is binding, pend
ing the completion of the agreement. 

The form of tender now largely used for civil engineering contracts is 
the form incorporated in the ICE Conditions of Contract.13 This form of 
tender provides for a 'bond' often amounting to 10 per cent of the 
tender sum. The contractor may be required to enter into a bond, 
whereby he provides a surety which is often a bank or insurance 
company who are prepared to pay up to, say, 10 per cent of the 
contract sum if the contract is not carried out satisfactorily. 

The appendix to the form of tender is in two parts: part 1 being 
completed prior to the invitation of tenders and part 2 to be completed 
by the contractor. Part 1 to the appendix includes the defects correc
tion period, the amount of the bond (if required), minimum amount of 
third party insurance, works commencement date, time for comple
tion, amount of liquidated damages, vesting of materials not on site, 
method of measurement used, percentage of value of goods and 
materials to be included in interim certificates, minimum amount of 
interim certificates, rate and limit of retention and bank whose lending 
rate is to be used. 

While part 2 incorporates insurance aspects, time for completion (if 
not included in part 1), vesting of materials not on site where at the 
option of the contractor, and percentage(s) for adjustment of PC sums. 

The minimum amount of insurance is frequently calculated at 25 per 
cent of the tender total or £500 000, whichever is the greater. The time 
for completion is usually inserted by the engineer but is sometimes left 
for the contractor to insert. The defects correction period is usually 12 
months. The percentage of the value of goods and materials to be 
included in interim certificates is often 80 per cent, while the minimum 
amount of interim certificates may be calculated at about one-half of 
the engineer's estimated average monthly value of the contract. 

The Form of Tender is normally accompanied by Instructions to 
Tenderers, which aim to assist tenderers in the preparation of their 
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tenders, and to ensure that they are presented in the form required by 
the Employer and the Engineer. 

Invitation to Tender 

The inviting of tenders for civil engineering works is usually performed 
by one of three methods 

(1) by advertising for competitive tenders 
(2) by inviting tenders from selected contractors 
(3) by negotiattng a contract with a selected contractor. 

Advertisement for competitive tenders (open tendering) offers the 
most satisfactory method in some instances, since it ensures maximum 
competition. There is, however, the grave disadvantage that tenders 
may be received from firms who have neither the necessary financial 
resources nor adequate technical knowledge and experience of the 
class of work involved. Public authorities sometimes invite tenders in 
this way, although it results in more abortive tendering and waste of 
resources. 

The invitation of tenders from a selected list of contractors (selective 
tendering) is the best procedure, offering maximum efficiency and 
economic advantage. It is particularly advisable when the works in
volved are of great magnitude or are highly complex in character, such 
as the construction of large power stations and harbour works. It is 
feasible to prepare selected lists, subject to periodic review, covering 
different value ranges and categories of works, ensuring the selection 
of contractors of established skill, integrity, responsibility and proven 
competence for work of the character and size contemplated. 

Negotiation of a tender with a selected contractor is usually only 
advisable in special circumstances, as for instance when the contractor 
is already engaged on the same site, where space is very restricted, and 
is executing another contract there. This procedure might also be 
usefully adopted when it is required to make an early start with the 
work or where the contractor in question has exceptional experience 
of the type of work covered by the particular contract. 

Every case should be considered on its merits when deciding the 
method to be used for the invitation of tenders. More detailed in
formation on contractor selection can be found in Civil Engineering 
Contract Administration and Contro/15 by the same author. 



3 General Arrangement and Contents of 
Civil Engineering Bills of Quantities 

The Civil Engineering Standard Method of Measurement Third Edition 
(CESMMW defines a 'Bill of Quantities' as a list of items giving brief 
identifying descriptions and estimated quantities of the work com
prised in a Contract (1.7). (Perhaps the word 'concise' would be better 
substituted for 'brief'.) All references in brackets refer to paragraphs in 
the Civil Engineering Standard Method of Measurement (paragraphs 
being the terminology used in CESMM3). 

A civil engineering bill is not intended to describe fully the nature 
and extent of the work in a contract, and in this respect differs fun
damentally from a bill for building work. The descriptions of civil 
engineering billed items merely identify the work and the estimator 
pricing the bill will need to obtain most of the information he requires 
for estimating from the Drawings and Specification. He will use the Bill 
of Quantities to obtain information on estimated quantities and as the 
means of submitting prices to the Employer. 

Barnes5 has described how the need for civil engineering contract 
financial control arises from the difficulty experienced by the Employer in 
clearly identifying to the Contractor, his exact requirements and the 
difficulty of the Contractor in assessing accurately the probable cost of the 
work. To achieve effective control a Bill of Quantities must be prepared 
with the object of limiting these difficulties as far as is practicable. 

Definitions 

A number of definitions are contained in Section 1 of CESMM31 and 
the more important are now stated and examined. 

The term work (1.5) differs from Works in the ICE Conditions of 
Contract,13 having a wider coverage to embrace everything that the Con
tractor has to do and includes all his liabilities, obligations and risks. 

The expression expressly required (1.6) is used extensively in 

42 
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CESMM3,1 and appears in Bills of Quantities to indicate that specific 
requirements will be shown on the Drawings, described in the Speci
fication or ordered by the Engineer. Typical examples of its use in 
CESMM31 are rule A2 of class B relating to trial pits and trenches 
involving hand excavation, rule M13 of class E relating to the double 
handling of excavated material and rule M15 of class E covering timber 
or metal supports left in excavations. In these cases, the work will only 
be measured and paid for when ordered by the Engineer. It is import
ant that agreement should be reached between the Contractor and the 
Engineer's Representative as to the extent of the express requirement, 
and that this shall be recorded before work is started. 

Daywork (1.8) is the method of valuing work on the basis of time spent 
by operatives, materials used and plant employed, with an allow
ance to cover oncosts and profit. This basis of valuation is considered 
in more detail later in this chapter and may be used where billed or 
adjusted rates would be inappropriate. 

The CESMM31 contains four surface definitions to be used in excava
tion and associated work, with the object of avoiding uncertainty in 
the excavation level descriptions. Original Surface (1.10) denotes the 
original surface of the ground before any work is carried out. As work 
proceeds the Contractor is likely to excavate to lower surfaces, even
tually producing the Final Surface (1.11) as shown on the Drawings, 
and being the surface that will normally receive the permanent work. 
There may also be intermediate stages, as for instance first to excavate 
to formation or base level of a road, below which excavation is needed 
over certain areas for catchpits and other features. The reduced or 
formation level constitutes the Excavated Surface (1.13) for the main 
excavation and the Commencing Surface (1.12) for the lower excava
tion, while the lowest excavated surface (base of catchpit) constitutes 
both the Final Surface (1.11) and the Excavated Surface (1.13) for the 
lower pocket of excavation. The substitution of the term 'surface' for 
'level' stems from the fact that all excavated and original surfaces are 
not necessarily level. 

Paragraph 1.14 enables ranges of dimensions in billed descriptions 
to be reduced in length and ensures uniformity of presentation and 
interpretation. For example, general excavation could be billed with a 
maximum depth range of 2-5 m, signifying that the excavation is to 
depths exceeding 2 m but not exceeding 5 m. 

General Principles 

The CESMMV is concerned with the measurement of civil engineering 
work, but where some complex building, mechanical engineering, 
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electrical engineering, or other work is included in a civil engineering 
contract, then this work should be adequately itemised and described 
and the method of measurement stated in the Preamble to the Bill of 
Quantities (2.2 and 5.4). Large civil engineering contracts often include 
some items of relatively simple building work, such as the superstruc
ture to a pumphouse on a sewage treatment works. In these circum
stances, the work will be classified as simple building works incidental 
to civil engineering works and measured in accordance with class Z of 
CESMM3,1 as illustrated in example XI. 

Maintenance and repair work, and alterations to existing work are 
not generally mentioned in CESMM3.1 As a general rule itemisation 
and description of such work should follow the principles prescribed 
for the relevant class of new work. Reference to extraction or removal 
will need to be given in billed descriptions or headings.5 The principal 
exceptions relate to sewer and water main renovation and ancillary 
works which are covered in class Y and illustrated in examples XIX 
and XX. 

Occasionally it will be necessary to deal with components which are 
not covered in CESMM31 and non-standard items should be inserted in 
the bill which adequately describe the work and its location. Paragraph 
2.5 emphasises the principle of providing for the inclusion of possible 
cost differentials arising from changes in location or any other aspects, 
by giving the Contractor the opportunity to make allowance for these 
cost differences in his rates and prices. 

Barnes5 illustrates this concept by reference to the cost-significant 
factors involved in pipe trench excavation, such as the practicability of 
battering the sides of trenches, the existence or otherwise of boulders, 
adequacy of working space and related matters. For this reason lengths 
of pipelaying are billed separately with locations indicated by refer
ence to the Drawings as rule A1 of class I. The probable impact of 
construction costs must be considered and the work suitably sub
divided in the bill to indicate the likely influence of location on cost. 

In some instances CESMMV states that certain procedures may or 
should be employed as against the more positive direction used in 
other parts of the Method incorporating the word shall. In the former 
instances there is no infringement of the CESMM if the procedure is 
not followed and this is intentional. For example, paragraph 4.3 indi
cates that code numbers may be used to number items in Bills of 
Quantities and 5.22 recommends that Bills should be set out on A4 size 
paper - both relate to bill layout and arrangement and have no 
contractual significance. Paragraph 5.8 suggests that priceable items in 
the Bill of Quantities may be arranged into numbered parts, while 5.10 
recommends that the inclusion of further itemisation and additional 
description may be provided to incorporate factors which could give 
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rise to special methods of construction or cost considerations. In the 
latter instances the person preparing the bill has to exercise his judge
ment on likely cost significant factors, and it would be quite unrealistic 
to adopt more positive terminology, which could entitle the Contrac
tor to a Bill amendment. 

Application of the Work Classification 

The Work Classification provides the basic framework of CESMM31 

constituting, as it does, a list of the commonly occurring components 
of civil engineering work. It will assist with Contractor's cost control, 
recording of prices as a basis for pre-contract estimating, computer 
processing and specification preparation. 

There are 26 main classes of work, with each class made up of three 
divisions, which classify work at successive levels of detail. Each divi
sion contains a list of up to eight descriptive features of work. Each 
item description in the Bill of Quantities will incorporate one feature 
from each division of the relevant class (3.1). For example, Class H 
(precast concrete) contains three divisions - the first classifies differ
ent types of precast concrete units (beams, columns, slabs and the 
like), the second classifies the different units by their dimensions 
(lengths and areas) and the third classifies them by their mass (weight). 
With pipes (Class I) the classification is pipe material, nominal bore, 
and depth at which laid. 

The entries in the divisions are termed 'descriptive features' as when 
three are linked together (one from each division), they normally 
provide a reasonably comprehensive description of a billed item. The 
CESMM31 classification does not, however, break down components 
into a large number of parts, which would result in excessively compli
cated coding arrangements. For example, it does not subdivide pipes 
according to pipe quality, type of joint, method of trenching or type of 
terrain. Nevertheless, the CESMM31 work classification provides the 
core of wider ranging descriptions with a consistent approach. 5 

Each Class contains a set of measurement, definition, coverage and 
additional description rules, which amplify and clarify the preceding 
information. It is vital to read these notes in conjunction with the 
preceding measurement particulars, since they may make reference to 
items that have to be included in the price of the measured item 
without the need for specific mention, or give matters that have to be 
inserted in the description of the measured item in the Bill. 

Billed item descriptions are not required to follow precisely the 
wording in the work classification, although in many instances it will be 
advisable to do so. In measuring a joint in concrete made up of a 
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rubber waterstop 175 mm wide, the billed description can state exactly 
that without the need to mention that the waterstop is 'plastics or 
rubber; width not exceeding 150--200 mm' as G652. On occasions an 
additional description rule accompanying the work classification will 
require more descriptive detail than is given in the classified lists, for 
instance the sizes and types of marker posts shall be stated in item 
descriptions (Class K; additional description rule A11). 

The various rules override the tabulated classifications and it is 
better to simplify the wording of the work classification rather than to 
duplicate information, although the classification list will still provide 
the code number for the item where it is required. For example, the 
item description of a carriageway slab of DTp specified paving quality 
concrete, 150 mm deep, will not require the inclusion of concrete 
pavement from the first division of Class R, since it would be super
fluous, nor would the addition of depth, 100--150 mm, be appropriate 
when the actual depth of the slab is required in additional description 
rule A1 (Class R), and to accord with the procedure described in 3.10. 

Lists of up to eight different descriptive features are given in work 
classifications to cover the most commonly encountered items in the 
class, but they cannot encompass every conceivable alternative, hence 
subdivision 9 is left vacant to accommodate some other type or 
category. 

The assembly of a description based on the three divisions of tabu
lated classification may not always be adequate, having regard to Sec
tion 5 of the CESMM31 and rules accompanying work classifications. It 
is helpful to separate the standard description from the additional 
information by a semicolon. 

Billed descriptions of components for Permanent Works shall be 
concise and shall not include the processes of production or construc
tional techniques. An item of fabric reinforcement could read 'Mild 
steel fabric reinforcement type A252 to BS 4483, nominal mass: 3.95 
kg/m2 ', but certainly not as 'Supply, deliver, cut and fix mild steel fabric 
reinforcement type A252 to BS 4483, nominal mass: 3.95 kg/m2'. 

However carefully such an item is drafted, there is a risk that an 
operation may be omitted, such as cleaning the reinforcement, and for 
which the Contractor might subsequently claim. It is more satisfactory 
to rely on the wording of the Specification, Drawings and Conditions 
of Contract together to provide the complete contractual require
ments. Workmanship requirements should be written into the Speci
fication and not the Bill of Quantities. 

No billed item may contain more than one component from each 
division of a work classification list (3.4). Taking Earthworks (Class E) as 
an example, a single billed item cannot incorporate excavation for 
foundations, filling and disposal of excavated material, nor can it in-
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elude both topsoil and rock in the same item, nor a combination of 
maximum depth ranges. A similar principle applies to the use of addi
tional descriptions, which often stem from additional description rules 
accompanying the CESMM31 work classification. For instance in class I 
(Pipework- Pipes) additional description rule A2 requires materials, 
joint types, nominal bores and lining requirements of pipes to be 
stated in item descriptions. Hence variations in any of these com
ponents will result in separate billed items. This highlights the im
portance of rules in the work classifications-they are not merely 
explanatory comments and the rules of measurement, definition, 
coverage and additional description must be read very closely in con
junction with the tabulated classification lists. The measurement rules 
(3.6) identify any variation from the normal measurement approach 
described in rule 5.18; definition rules (3.7) clarify the meaning of 
terms used in the work classification; coverage rules (3.8) amplify the 
extent of the work to be priced in bill items; and the additional 
description rules (3.9 and 3.10) make provision for further descriptions 
and subdivisions of billed items. Some believe that the work classifica
tion is unduly inhibiting, but it does at least ensure a good measure of 
uniformity in bill descriptions. 

The CESMM31 Work Classification is confined to Permanent Works 
and the rates inserted against these items in the Bill of Quantities will 
cover the costs that are proportional to the quantities of measured 
work. For instance, there is no item of measured work for bringing 
plant to and from the site. Where the cost of this activity is significant 
the Contractor could advantageously enter it as a method-related 
charge. 5 

The Work Classification prescribes the unit of measurement to be 
used for each billed item, ranging from stated sums and numbered 
items, linear items in metres, areas in square metres (hectares for 
general site clearance), volumes in cubic metres and weight (mass) in 
tonnes. 

Coding and Numbering of Items 

Section 4 of CESMM31 describes the coding system adopted in the 
Work Classification and how it can be used in the Bill of Quantities for 
numbering billed items. It is not, however, a requirement of CESMM31 

that code numbers should be used as billed item numbers. Bills may be 
subdivided into parts covering different phases or sections of the 
work, such as the component parts of a sewage treatment works, and 
items with the same code number may be repeated in different parts of 
the bill. The different parts of the bill can be numbered and the part 
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number can prefix the item number. Thus an item K152 in Part 6 of the 
bill would become 6.K152. Barnes5 sees advantages to Contractors in 
the extensive use of CESMM31 coding as an aid to estimating and cost 
control and believes that it encourages uniformity of sequence of 
items in bills. 

Each item in the Work Classification has been assigned a code 
number consisting of a letter and not more than three digits. The letter 
corresponds to the Work Class, such as E for Earthworks, and the digits 
relate to the relevant components in the first, second and third divi
sions of the class. An example will serve to illustrate its application. 

Code H445 identifies an item as 

class 
first division 
second division 
third division 

H 
4 
4 
5 

precast concrete 
column 
length 10-15 m 
mass 2-5 t 

In practice the description of this item will need amplifying to in
clude the position in the Works, concrete specification, cross-section 
and principal dimensions, mark or type number and mass of the 
particular unit, as required by rules A1, A2, A4 and A6 of Class H. 

The symbol * is used in the rules to the Work Classification to indi
cate all the numbers in the appropriate division, such as H 44 * rep
resenting the group of code numbers from H 441 to H 448 inclusive. 

As a general rule billed items will be listed in order of ascending 
code number (4.3). The code numbers have no contractual significance 
(4.4). Some argue that the coded approach places too much emphasis 
on computer usage, with resultant constraints on bill compilation 
including an illogical sequence of items when related to normal quan
tity surveying practice. 

Where a component of an item is not listed in the Work Classifica
tion, the digit 9 shall be used (4.5). The digit 0 can be used for divisions 
that are not applicable or where fewer than three divisions of classifica
tion are given (4.6). Suffix numbers can follow the code to cover 
varying additional descriptions of the type described earlier for precast 
concrete columns, when the code numbers would be H 445.1, H 445.2, 
H 445.3, etc. 

Preparation of Bills of Quantities 

The rules prescribed in Section 5 for the preparation of Bills of Quanti
ties will also apply to the measurement of completed work (5.1). 
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Paragraph 5.2 prescribes a standard format for civil engineering bills 
of quantities to ensure uniformity of presentation. For example, a bill 
of quantities for a riverworks contract for a new power station might 
contain the following. 

Section A List of principal quantities 
Section B Preamble 
Section C Daywork schedule 
Section D Work items 

Part 1 General items 
Part 2 Demolition and siteworks 
Part 3 Access roads 
Part 4 Pipework 
Part 5 Dredging 
Part 6 Pump chambers 
Part 7 Circulating water ducts 
Part 8 Wharf wall 
Part 9 jetty 

Section E Grand summary 

The sections are identified by letters to distinguish them from the 
locational or cost-significant parts of the Works, which have reference 
numbers. 

List of Principal Quantities 

Paragraph 5.3 advocates the inclusion of a list of principal quantities, 
being the main components of the Works, with their approximate 
estimated quantities, so that tenderers obtain an overall picture of the 
general scale and character of the proposed Works at the outset. It is 
expressly given solely for this purpose with the intention of avoiding 
any possible claims on account of divergences between the list of 
principal quantities, or the impression given thereby, and the detailed 
contents of the Bill of Quantities. Nevertheless, some quantity sur
veyors feel that the inclusion of such a list on a remeasure type of 
contract may be of limited value and could be contentious. However, 
this list will assist the contractor in determining whether he has the 
resources to carry out the work. 

The list can be kept relatively brief and should not usually exceed 
one page in length. It is best prepared from the draft bill, although it is 
not essential to subdivide the list into the bill parts. The amount of 
detail given will vary with the type and size of contract. 

A list of principal quantities relating to a reservoir follows. 
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Part 
1 

2 

3 

4 

5 

6 

Preamble 

Civil Engineering Quantities 

General Items 
Provisional Sums 
PC Items 

Reservoir 
excavation 
concrete 
formwork 
steel reinforcement 

Pipework 
pipelines 
valves 

Embankment 
filling 

Access Road 
concrete road slab 

Fencing 
mild steel fence 

£20 000 
£76 000 

15 000 m3 

12 500m3 

6 600m2 

150 t 

850 m 
22 nr 

12 000 m3 

1 800m2 

1400 m 

The preamble in a civil engineering bill of quantities is to indicate to 
tendering contractors whether methods of measurement other than 
CESMM31 have been used for any part of the Works and whether any 
modifications have been made in applying CESMM31 to meet special 
needs where there are important practical reasons for adopting a dif
ferent procedure (5.4). Circumstances in which a different procedure 
may be used include the introduction of performance specifications 
resulting in less detailed measurement, and the use of permitted 
alternatives, as sometimes adopted for highway and tunnelling con
tracts, and contractor-designed work, and possibly involving the use of 
non-standard rules for measurement.5 Wherever practicable the un
amended CESMM31 should be used in the interests of uniformity. 

The majority of civil engineering contracts include work below 
ground in general excavation, trenching for pipes, boring or driving, 
and in other ways. Paragraph 5.5 requires a definition of rock to be 
included in the Preamble in these circumstances, and it is usually 
related to geological strata as in the DTp Specification for Highway 
Works. 31 Alternative or complementary approaches include prescrib
ing a minimum size of boulder (0.20 m3 in the DTp Specification and 1 
m3 in rule M8 of Class E of CESMM3,1 except that the minimum volume 
shall be 0.25 m3 where the net width of excavation is less than 2 m), and 
strata which necessitate the use of blasting or approved pneumatic 
tools for their removal. This definition can be of considerable signifi-
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cance in determining whether or not additional payments shall be 
made for excavation, boring or driving work. 

Daywork Schedule 

It is necessary to make provision for a daywork evaluation of work 
which cannot be assessed at bill rates or rates analogous thereto. 
CESMM31 provides three alternative procedures (5.6 and 5.7). 

(1) A list of the various classes of labour, material and plant for which 
daywork rates or prices are to be inserted by the tenderer. 

(2) Provision for payment at the rates and prices and percentage addi
tions contained in the current Federation of Civil Engineering Con
tractors Schedules of Dayworks/7 adjusted by the Contractor's 
percentage additions or deductions for labour, materials, plant 
and supplementary charges. 

(3) The insertion of provisional sums in Class A of the bill of quantities 
for work executed on a daywork basis comprising separate items 
for labour, materials, plant and supplementary charges, and ap
plying the appropriate percentage addition or deduction, as pre
scribed in the second method, to each provisional sum. 

The third method is felt by the author to offer the most advantages, 
since it directly influences the Tender Total, thus maintaining an ele
ment of competition, at the same time providing a widely known and 
accepted basis of computation which is easily implemented. 

Work Items 

Division into Parts The Bill of Quantites is divided into sections in 
accordance with paragraph 5.2 and Section D contains work items 
which may be arranged into numbered parts, and which will differ 
from one bill to another. The division into parts is mainly determined 
by the main components of the project, locational considerations, 
limitations on the timing or sequence of the work, and it enables the 
person preparing the bill to distinguish between parts of the work 
which are thought likely to give rise to different methods of construc
tion or considerations of cost (5.8). This form of division will extend the 
usefulness of the Bill for estimating purposes and in the subsequent 
financial control of the contract. Sound division into parts requires 
knowledge of the factors influencing the Contractor's costs and assists 
in promoting more positive working relationships between the En
gineer and the Contractor.5 

General items (Class A) may be grouped as a separate part of the bill. 
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Items in each part shall be arranged in the general order of the Work 
Classification (5.8), even though this sequence is rather illogical in 
some instances. It will be noted that the bill may be arranged into 
numbered parts and that it is not therefore obligatory. 

Headings and Sub-headings 

Paragraph 5.9 prescribes that each part of the bill shall be given a 
heading and that each part may be further subdivided by sub
headings, all inserted as part of item descriptions. For the sake of 
clarity, a line shall be drawn across the item description column below 
the last item to which the heading or sub-heading applies, and head
ings and sub-headings shall be repeated at the start of each new page 
listing appropriate items (5.9). 

Itemisation and Description 

All work shall be itemised in the bill with the descriptions framed in 
accordance with the Work Classification. However, paragraph 5.10 
states that item descriptions may be extended or work subdivided into 
a larger number of separate items than required by CESMM31 if it is 
thought likely that the work will give rise to special methods of con
struction or considerations of cost. The word 'may' is used to prevent 
the Contractor having a basis of claim for extra payment if the previous 
assumptions proved incorrect, and to permit flexibility of approach in 
the preparation of bills. 

The Work Classification should not be applied too rigidly: it pro
vides standardised minimum information and essential guidelines for 
the benefit of contractors, but permits the inclusion of more informa
tion where deemed advisable or desirable, particularly where cost 
significant aspects are involved.5 

Descriptions 

Item descriptions only identify work whose nature and extent is de
fined by the contract documents as a whole, including the Drawings, 
Specification and Conditions of Contract (5.11). Unlike Bills of Quanti
ties for building work, they do not contain all the information needed 
for pricing the Work, and continual reference to the Drawings and 
Specification is essential. This policy encourages the complete design 
of work prior to inviting tenders, and the cost of civil engineering work 
frequently depends extensively on the shape, complexity and location 
of the work and the nature of the terrain; this information is best 
extracted from the Drawings. To assist in the process of identification 
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CESMM31 often requires the inclusion of information on location or 
other physical features (5.13). Paragraph 5.12 extends this approach by 
stating that any descriptive information required by the Work Classi
fication may be replaced by reference to the appropriate Drawings or 
Specification clauses. 

Barnes5 has suggested that CESMM31 classes and codes could be 
used as numbering or referencing systems for Specifications to assist 
in cross-referencing. He also advocates the use of drawing numbers in 
bill items or bill sub-headings. 

The use of measurement procedures at variance with those pre
scribed in CESMM31 without express exclusions might possibly be 
construed as 'errors' and treated as variations in accordance with 
clause 55(2) of the ICE Conditions of Contract.13 Hence it is important 
that the requirements of CESMM31 should be closely followed in 
drafting civil engineering bills of quantities. Situations will arise where 
no guidance is given by CESMM31 and a suitable non-standard item 
should be drafted. 

The cost of similar work in different locations can vary considerably, 
and in these circumstances locational details should be inserted in the 
bill items to permit the Contractor to adjust his rates accordingly. For 
instance, reinforced concrete of the same mix to be laid in the base of a 
pump sump, in a floor slab at ground level, or in the tank base to a 
water tower, are all similar forms of construction but carried out under 
entirely different conditions, resulting in considerably different costs 
and creating the need for additional descriptive information in the bill 
items. 

Ranges of Dimensions 

Where the Work Classification prescribes a range of dimensions for a 
component, but the component in question is of one dimension, this 
dimension shall be stated in the item description in place of the 
prescribed range (5.14). For instance, the placing of in situ concrete 
suspended slabs in Class F have four ranges of thickness listed in the 
third division. When measuring slabs all having a thickness of 200 mm, 
the thickness given in the item description would be 200 mm in place 
of the CESMM31 range of 150-300 mm (exceeding 150 mm and not 
exceeding 300 mm). 

Prime Cost Items 

Prime Cost (PC) Items shall be inserted in a Bill of Quantities under 
General Items (Class A) to cover work carried out by Nominated Sub
contractors and each prime cost is to be followed by two further items. 
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(1) Labours in connection therewith including site services provided 
by the main Contractor for his own use and which he also makes 
available for use by the Nominated Sub-contractor and which are 
listed in the CESMM31 (5.15), such as temporary roads, scaffolding, 
hoists, messrooms, sanitary accommodation and welfare facilities, 
working space, disposal of rubbish and provision of light and 
water. Where the Nominated Sub-contractor is not to carry out 
work on the site, the item shall include unloading, storing and 
hoisting materials supplied by him and the return of packing ma
terials (5.15). 

(2) A further item expressed as a percentage of the PC Item to cover all 
other charges and profit (5.15). 

This procedure follows closely the arrangements detailed in the ICE 
Conditions of Contract13 (clauses 58 and 59). Any special labours 
beyond those specified in 5.15(a) must be included in item descrip
tions. Where substantial special attendance facilities are envisaged but 
cannot be assessed precisely, these should be incorporated in Pro
visional Sums. Barnes5 has described how the fixing of materials for 
work of Nominated Sub-contractors by the main Contractor is not 
covered by Prime Cost Items nor by attendance, other charges and 
profit items. 

Provisional Sums 

Provisional Sums shall be used to cover contingencies of various types 
and they can be entered in various sections of the Bill of Quantities for 
subsequent adjustment. Items for specific contingencies are to be 
included in the General Items (Class A- 4.2), while other items may 
be included in other classes to cover, for instance, possible extensions 
of work (5.17). A general contingency sum shall be entered in the 
Grand Summary in accordance with paragraph 5.25. 

The omission of provisional quantities means that the quantities in 
the Bill are to be measured accurately from the Drawings and are to be 
the best possible forecast of the nature and extent of the work which 
will actually be required, including such items as excavation of soft 
spots and hours of pumping plant.5 

The ICE Conditions of Contract13 [56(2)] provides for bill rates to be 
increased or decreased if they are rendered unreasonable or inappli
cable as a result of the actual quantities being greater or less than those 
stated in the bill. It will be appreciated that the cost of one billed item 
frequently depends on its relationship to others, and the cost of the 
whole work can change substantially if the relative proportions of the 
quantities are varied.5 
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The inclusion of Provisional Sums to cover possible additional work 
will result in appropriate rates for the work subsequently having to be 
negotiated. 

Quantities 

Paragraph 5.18 prescribes that 'quantities shall be computed net from 
the Drawings'. The billed quantities will be the lengths, areas, volumes 
and masses of the finished work which the Contractor is required to 
produce, with no allowance for bulking, shrinkage or waste. The only 
exceptions are where CESMM31 or the Contract contain conventions 
for measurement in special cases, such as the volume of concrete is to 
include that occupied by reinforcement and other metal sections (rule 
M1 of Class F). 

In the original Standard Method of Measurement of Civil Engineer
ing Quantities some items were measured 'extra over' others- that is, 
the price for the second item covered only additional costs over the 
first. For example, facings and fair-faced brickwork were measured as 
extra over the cost of ordinary brickwork, thus eliminating the need to 
deduct the ordinary brickwork, displaced by faced work. Similarly 
bends, junctions and other fittings were measured extra over pipe 
sewers and drains. The three editions of the CESMM discontinued this 
practice. Brickwork faced on one face will be measured as a composite 
item, while pipe lengths are measured along their centre lines and 
shall include lengths occupied by fittings and valves (rule M3 of Class 
1), but the fittings and valves are not measured extra over, although 
the estimator will need to deduct the costs of the lengths of displaced 
pipe when estimating the rates for the enumerated fittings and valves 
(Class j). 

Quantities are usually rounded up or down (half a unit or more up 
and less than half a unit down) to avoid the use of fractional quantities 
in the bill. Where fractional quantities are used, because of the high 
unit cost of the item, they should be restricted to one place of decimals 
(5.18). 

Units of Measurement 

Paragraph 5.19 lists the units of measurement used in civil engineering 
bills of quantities with their standard abbreviations. Square metres are 
abbreviated to m2 or m2 and not sq m, and cubic metres to m3 or m3 
and not cu m. Number is represented by nr and not no. The term 'sum' 
is used where there is no quantity entered against an item. The ab
breviations are restricted to not more than three characters, contain no 
capital initials and are not followed by a full stop. 
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Work affected by Water 

Paragraph 5.20 prescribes that where an existing body of open water 
(other than groundwater) such as a river, stream, canal, lake or body of 
tidal water is either on the site or bounds the site, each body of water 
shall be identified in the preamble to the bill of quantities. A reference 
shall also be given to a drawing indicating the boundaries and surface 
level of each body of water or, where the boundaries and surface levels 
fluctuate, their anticipated ranges of fluctuation . 

A typical preamble clause could be 'The Site is bounded by the 
Beeston Canal whose location is shown on Drawing BSDW 128. The 
width of the canal is constant and it is anticipated that the surface level 
may fluctuate between 85.30 and 86.00 AOD.' Excavation work below 
water requires a suitable reference to the preamble clause in the item 
description (rules A2 and M7 of Class E). 

Ground and Excavation Levels 

With excavation, boring or driving work, it is necessary to define the 
'Commencing Surface' where it is not also the 'Original Surface', and 
the 'Excavated Surface' where it is not also the 'Final Surface' (5.21). In 
most cases, however, these intermediate surfaces will not be men
tioned in the descriptions, and it will then be assumed that the item 
covers the full depth from the 'Original Surface' (before any work in 
the Contract is commenced) to the 'Final Surface' (when all work 
shown on the drawings has been executed).3 

The definitions of these terms are given in paragraphs 1.10-1.13 
inclusive. The surfaces do not have to be identified by a level, as for 
instance above Ordnance Survey Datum; provided the descriptions 
are clear and practical they are satisfactory. For instance, such descrip
tions as '300 mm below Original Surface' and '150 mm above forma-

Or1g1nol and Commenc1ng Surface 

depth lml 

Excavated and F1nal Surtace 

10 MEASUREMENT OF GENERAL EXCAVATION 
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tion' are acceptable. Excavation and similar work is classified according 
to a range embracing its total depth, as shown in the previous sketch. 

Form and Setting of Bills of Quantities 

The Bill of Quantities should desirably have the format on A4 size 
paper described in paragraph 5.22 and as illustrated below (the quan
tity, rate and amount:£ columns shall each have a capacity of ten million 
less one, and a binding margin should be provided). 

Amount 

Number Item Description Unit Quantity Rate £ p 

20 90 10 20 20 20 8 

widths 
(in mm) 

> ( 7 
? ~ c: c:: ? ;> 

Page total 

The amounts on each page shall be totalled and these totals carried 
to a summary at the end of each part of the bill. The total of each part is 
transferred to the Grand Summary (5.23 and 5.24). The Part Summaries 
are normally followed by the General Contingency Allowance, which is 
a Provisional Sum inserted to cover unforeseen work (5.25), an Adjust
ment Item (5.26) and finally the Grand Total (total of the priced bill of 
quantities) [5.27]. 

Completion, Pricing and Use of the Bill of Quantities 

Paragraph 6.1 prescribes that rates and prices shall be inserted in the 
rate column in pounds sterling with pence entered as decimal fractions 
of one pound. The generally accepted practice is to regard figures in 
the 'rate' column as rates and those in the 'amount' column as prices 
on the supposition that quantity x rate = price. The prices in each part 
are totalled and transferred to the Grand Summary in the manner 
previously described. 
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An Adjustment Item is included in the Grand Summary as a con
venient place where the tenderer can make an adjustment without 
having to alter rates or amounts against work items. The final tender 
adjudication is normally undertaken by senior estimating and manage
ment staff, who are particularly concerned with assessment of the risk 
involved and pricing levels. Previously such adjustments were often 
made to some of the larger prices entered against preliminary or 
general items in the Bill. The inclusion of the Adjustment Item to 
incorporate a lump sum addition or deduction as the last item in the 
Grand Summary is a much more satisfactory arrangement for both 
Contractor and Employer (6.3). 

The Adjustment Item is a fixed lump sum and the sum entered 
against this item is not adjustable for variations in the Contract Sum, 
although it is subject to adjustment when the Baxter adjustment for
mula is incorporated to deal with labour and material price fluctua
tions (6.5). The Baxter formula superimposes price fluctuation resulting 
from index movement over adjustments in the Contract Sum assessed 
under the ordinary Contract Conditions.5 

Payment of the Adjustment Item shall be made by instalments in 
interim certificates in the proportion that the value of certified perma
nent and temporary works [sub-clause 60(2)(a) of the ICE Conditions of 
Contract13] bears to the total of the Bill of Quantities, before the addi
tion or deduction of the Adjustment Item, and with no retention 
money deducted, and a statement to this effect shall appear in the 
Preamble. These payments shall not exceed in aggregate the amount of 
the Adjustment Item and any final balance due is certified in the next 
certificate prepared after the issue of the Certificate of Substantial 
Completion for the whole of the Works under clause 48 of the Condi
tions of Contract (6.4). 



4 Method-related Charges and Pricing 
and Measurement of Civil Engineering 
Work 

Method-related Charges (CESMM3 Section 7) 

Underlying Philosophy 

The valuation of variations and agreement to the cost of delays have 
generally been the main causes of dispute on civil engineering con
tracts. Contractors frequently claim that the measured quantities of 
permanent work priced at billed rates do not represent the true value 
of constructional work where significant variations have occurred. 
Engineers, on the other hand, generally believe that the priced bill of 
quantities represents a shopping list of items, and on completion of 
construction the work can be remeasured and valued at the billed 
rates. That the latter is unsatisfactory is evidenced by the large claims 
settlements agreed on many projects, where variations and unforeseen 
physical conditions or artificial obstructions occur. 

Many of the costs arising from civil engineering operations are not 
proportional to the quantity of the resulting permanent work. It cannot 
really be a sound approach to recover the cost of bringing a tower 
crane on to the site and its hire, operation and subsequent removal by 
hidden costs in the 'preliminaries', where provided, or in the cost per cu
bic metre of the various work sections for which the crane was used. It is 
believed by the drafting committee that method-related charges provide a 
better way of representing the Contractor's site operation costs, such as 
the provision of site accommodation and temporary works, and the 
setting up of labour gangs, sometimes described as 'site mobilisation'. 

Objectives 

Certain clauses in the original Standard Method of Measurement 
of Civil Engineering Quantities, such as site investigation, post-
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tensioning and in situ piling provided items for plant provision and 
removal. These caused inconsistency, since many other categories of 
permanent work included no such provision. CESMM31 helps to re
move these inconsistencies by the use of method-related charges. The 
Contractor can enter and price such costs as he considers he cannot 
recover through measured rates, such as site accommodation, site 
services, plant, temporary works, supervision and labour items- all at 
the tenderer's discretion. 

Accepting that expertise in design rests with the Engineer, it seems 
equally evident that expertise in construction methods lies with the 
Contractor. It is accordingly logical that the Contractor should be able 
to decide the method of carrying out the works. A blank section in the 
Bill of Quantities will permit him to list, describe and price these items. 

CESMM31 does not make the use of method-related charges compul
sory but the sponsors see great merit in their use through easier 
evaluation of variations, a more stable and realistic cash flow to the 
Contractor and by directing the Engineer's attention to the basis of 
construction costs, to lead to more rational designs. In the event of an 
Employer using CESMM31 as the basis for measurement but excluding 
method-related charges, he should insert a note in the bill preamble 
stating that Section 7 of CESMM3 shall not apply. 5 

The extent of temporary works on a civil engineering contract is 
often enormous and to spread their costs over unit rates must be 
unsatisfactory, since so few of them are proportional to the quantities 
of permanent work. Hence it is believed by the sponsors to be ben
eficial to all parties for the Contractor to have the opportunity to insert 
these costs, properly itemised in a separate part of the bill. 

Division into Time-related and Fixed Charges 

There are two basic types of method-related charge: time-related 
charges and fixed charges (7.1). The cost of bringing an item of plant 
on to a site and its subsequent removal is a fixed charge and its running 
cost is a time-related charge. The tenderer is requested to distinguish 
between these charges and must fully describe them so that the cover
age of the items entered is positively identified. The fixed costs are not 
related to quantity or time. With time-related items, the Contractor is 
to enter full descriptions of the items and their cost, but not the timing 
or duration, as they will not be charged at weekly or monthly rates.5 

The Quantity Surveyor or Engineer preparing the bill will provide 
adequate space and the Contractor will enter the particulars in the 
description column, preferably using the order of classification and 
descriptions adopted in Class A (7.3). Typical Bill entries covering both 
types of method-related charge are given on pages 67-69. 
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Application of Method-related Charges 

Problems may arise in practice where Contractors entering method
related charges in a bill fail to identify them as fixed or time-related, or 
fail to describe them adequately. This will involve the Quantity Sur
veyor or Engineer in constant checking of entries. 

The items entered as method-related charges are not subject to 
admeasurement, although the Contractor will be paid for these 
charges in interim valuations in the same way as he is paid for mea
sured work, and a statement to this effect shall appear in the Preamble 
(7.6 and 7.7). Hence, in the absence of variations ordered by the 
Engineer, the sums entered against method-related charges will re
appear in the final account, and will not be changed merely as a result 
of the quantity of method-related work carried out being different 
from that originally estimated by the tenderer. The valuation of these 
charges should be made easier by their division into time-related and 
fixed costs. The Contractor will not be obliged to construct the works 
using the methods or techniques listed in his method-related charges, 
but he will nevertheless be paid as though the techniques indicated 
had been adopted (7.8). For example, if the Contractor inserted 
charges for a concrete hatching plant and subsequently used ready
mixed concrete, the appropriate interim payments will be distributed 
over the quantity of concrete placed. If, however, changes in techni
ques are instructed by the Engineer, then these changes will be paid 
for as variations. Method-related charges shall, however, like the 
Adjustment Item, be subject to Baxter formula price adjustment. 5 

The introduction of method-related charges thus enables the Con
tractor at his option to enter separately in his tender such non-quantity 
proportional charges as he considers will have a significant influence 
on the cost of the work, and for which he has not allowed in the rates 
and prices for other items (7.2). Where the Contractor omits to enter 
any method-related charges and merely prices the contract as a tradi
tional bill of quantities, these charges will be deemed.tb have been 
included in the pricing of other items and the tender will not be 
invalidated. If the Contractor enters a method-related charge for an 
item that cannot be performed or if the cost is obviously incorrect, the 
Engineer should draw the attention of the Contractor to the mistake 
and give him the opportunity to withdraw his tender. 

All method-related charges must be fully described (7.4), including 
the resources expected to be used and the particular items of Perma
nent or Temporary Works to which the item relates, although a 
method can be changed subsequently (7.5). It is in the Contractor's 
interest to be explicit in his descriptions to secure prompt payment. 
Barnes5 postulates that where activities on the site resemble those 
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described in the method-related charges, payment can be made 
promptly, otherwise the Engineer may have grounds for withholding 
payment until the related permanent work is complete. 

Alongside the description of each method-related charge the tender
er will enter whether it is fixed or time-related. In interim valuations, 
payment of fixed charge items will be made when the operation so 
described, such as erection of site offices, has been completed. Time
related charges for items such as maintaining a temporary access road 
will be paid monthly, according to the Engineer's assessment of the 
proportion of total time that has elapsed at the date of assessment. If 
the Contractor enters the operation of a tower crane for 22 weeks as a 
time-related charge and then proceeds to use it on the site for 28 
weeks, no additional payment or adjustment will necessarily follow. 
Conversely, as described by Barnes,S if a method-related charge 
covered de-watering plant be subsequently rendered unnecessary by a 
drought, the Contractor is still eligible for the payment because he 
bore the risk of having to do an indeterminate amount of work, the 
payment being pro rata to the proportion of associated Permanent 
Work completed. Only in the case of variations wll the price be subject 
to adjustment. If a variation increases work volume or causes delay, 
and thereby results in an increase in the cost of method-related 
charges, these can be adjusted within the terms of the Contract, 
without the necessity of a claim. On occasions a variation deleting 
work could result in a reduction in a charge. Much depends on 
whether the variation actually extends or shortens the time for which 
the resources are required. 

Class A shows specified requirements that the Engineer or Quantity 
Surveyor may insert in the bill, followed by a list of items which the 
Contractor may enter, but is not compelled to do so. He will choose to 
do so if he considers that it provides a more realistic basis for pricing. 
The danger is that he could enter almost any items except materials 
and so abuse the arrangements. In practice, site accommodation, 
services and temporary works have been the items most commonly 
inserted and plant to a lesser extent. Multi-purpose types of plant like 
tower cranes, derrick systems and ropeways are very suitable items, 
since they are used for hoisting a variety of materials and involve both 
fixed and time-related charges. 

With the payment of time-related charges the Engineer is not tied to 
the dates shown on the programme and will have regard to the date 
when the items were actually provided on the site. Interim payments 
for time-related charges should be proportional to the extent of satis
factory completion of the particular activity, and the Engineer will need 
to assess the total period over which the charge should be spread. The 
Contractor should ensure that the descriptions and durations of time-



Method-related Charges, Pricing and Measurement 63 

related charges match the information given in the contract pro
gramme, thus assisting in substantiating the Engineer's assessment of a 
reasonable proportion for payment. In the event of variations, time
related charges require adjustment if rendered unreasonable or inap
plicable; the more precise the descriptions, the more realistic the 
adjustments. 5 

Advantages and Disadvantages of Method-related Charges Approach 

The use of method-related charges should remove substantial sums of 
construction costs, which do not vary in proportion to the volume of 
permanent works executed, from the pricing of these permanent 
works and so reduce likely claims. If used effectively they should 
enable the Contractor to recover in monthly valuations the cost of 
items other than permanent work on an equitable basis, either in the 
event of work proceeding largely as planned at tender stage or in the 
event of substantial variations. 

In either case the Contractor will be able to recover these non
quantity proportional items on a monthly basis and not be obliged to 
wait until the end of the contract, or at least the later stages, to submit 
claims to recover costs. 

The Employer should have the benefit of a more accurate valuation 
of variations with improved monitoring of the financial position of the 
contract. He will also be aware of the level of expenditure at an earlier 
stage, which will help him to plan his cash flow and budget for his 
ultimate level of financial commitments. It is interesting to note that in 
the majority of contracts, incorporating method-related charges oper
ating during the currency of the earlier editions of the CESMM, their 
use proved beneficial. 

It is claimed that, although there can still be different approaches to 
the pricing of bills, by introducing method-related charges the diffe
rent bases for computation and approach are more clearly identified. 
The Employer thus gains by the use of a cost structure that is better 
suited to deal with variations and changes, while the Contractor re
ceives more prompt and equitable payment. No significant problems 
have occurred with final account preparation, and this approach assists 
the Contractor in making claims and the Engineer in settling them on a 
more realistic basis with less argument and conflict. When method
related charges are not used, differing policies for pricing and allocat
ing indirect costs are hidden within the wide variation in measured 
work unit rates. 

The success of the method-related charges approach is largely de
pendent on its sensible use by both Contractor and Engineer. If 
Contractors refuse to enter method-related charges and Quantity 
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Surveyors and Engineers are slow in authorising payment of them under 
sub-clause 60(i)(d) of the Conditions of Contract,13 then little will be 
achieved, particularly in easing the Contractor's cash flow problems. 

The principal danger is generally thought to be one of high early 
payments with no collateral security, although it must be accepted that 
the chance of a Contractor becoming bankrupt at the start of a project 
is very small and the Employer is not without his safeguards. Although 
Barnes5 argues that loaded method-related charges are more easily 
identifiable than loaded unit rates, others fear that method-related 
charges could be used by Contractors to qualify tenders and that 
deliberate mistakes could be included to give the tenderer a second 
chance after receipt of tenders. Furthermore, Engineers might experi
ence some difficulty in coping with large numbers of awkwardly 
worded method-related charges. One suggested solution is for Con
tractors to be asked to submit lists of unpriced method-related items 
for approval some time before the tender date. This would, however, 
probably lead to a lengthening of tendering periods and could cause 
administrative problems. 

On the whole the use of method-related charges, although not 
without their dangers, can lead to improved design, estimating, tender 
selection, contract administration and cost control techniques, with 
better cash flow to the Contractor, particularly in the early part of the 
Contract. 

Class A: General Items 

General Items contained in Class A of the CESMM31 are items, other 
than Permanent Works, which the Contractor is required or chooses to 
do or provide. There are some exceptions to this general rule, such as 
Provisional Sums and Prime Cost Items related to Permanent Works, 
and the non-inclusion of some Temporary Works, such as formwork 
and temporary support of tunnel work. In the past many of these items 
were often termed 'Preliminaries'. 

General Items shall each be described as quantity-related, time
related or fixed, to simplify arrangements for subsequent certification 
and payment. This part of the bill contains items covering the Contrac
tor's obligations under the Contract and all the services that he will be 
required to provide. 

The insurance items are listed in A 12-3, including insurance of the 
Works and constructional plant, and third party insurance. These con
stitute the contractual requirements under clauses 21 and 23 of the ICE 
Conditions of Contract.13 

A2 covers requirements specified by the Engineer which the Con-
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tractor is bound to meet, whereas the method-related charges entered 
in A3 are items which the tendering Contractor chooses to insert. Rule 
01 of Class A defines 'specified requirements' as all work, other than 
the Permanent Works, which is expressly stated in the Contract (Speci
fication or other contract document) to be carried out by the Contrac
tor and of which the nature and extent is defined. This ensures that the 
Contractor's attention is drawn to contractual requirements which in 
other circumstances might be a matter for his own decision. For exam
ple, pumping and de-watering appear in A 276 and A 277 respectively as 
specified requirements to be inserted by the Engineer, and are also 
listed in A 356 and A 357 as method-related charges to be inserted by 
the Contractor, depending on the specific requirements of the particu
lar contract. 

Another function of specified requirements items is to obtain a price 
which can be adjusted in the event of a variation. Otherwise, if for 
instance the Engineer is to change the details of accommodation for 
the Engineer's Staff, in the absence of a specific item, adjustment of an 
undisclosed price could prove difficult. 

Rule M2 of Class A requires that a quantity shall be inserted against 
all specified requirements items for which the value is to be deter
mined by admeasurement. While rule A2 of Class A requires the 
establishment and removal of services or facilities to be distinguished 
from their continuing operation or maintenance. Items involving fixed 
costs will usually be sums that are not subject to quantified measure
ment and are often described as 'establishment and removal of'. By 
comparison time-related items may either be quantified such as in 
hours or weeks, or given as sums. These alternative approaches are 
illustrated in the examples that follow. A unit of quantity should be 
inserted when the cost is directly proportional to a measurable quan
tity such as the number of sets of progress photographs, but the in
sertion of a sum for maintenance of offices for the Engineer's staff. 

Testing items should include particulars of samples and methods of 
testing, although some testing may be listed separately where pre
scribed under other classes. Tests involving the assembly or construc
tion of substantial testing facilities require an 'establishment of testing 
facilities' item.5 

The Method-related charges division of Class A lists a number of the 
more common items, but these do not restrict the Contractor in any 
way. The Contractor can insert, in the space provided in the General 
Items part of the Bill, other items which will not be proportional to the 
quantities of the Permanent Works, distinguishing between time
related and fixed charges. Some typical entries are illustrated on 
page 69. 

The time element of time-related charges can be expressed in various 
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ways, but such expressions as 'the duration of construction' or 'com
pletion of the wharf' are generally more useful than stated lengths of 
time which are not related to site activities and which may prove more 
difficult to apply to changed conditions. 

Provisional Sums can be incorporated in accordance with paragraph 
5.7 (items A 411-A 416), followed by any other relevant Provisional 
Sums as given on page 70. Prime Cost Items are grouped under AS and 
A6 in the General Items. Each Prime Cost Item shall be followed by an 
item for labours in connection therewith and an item for other charges 
and profit in accordance with paragraph 5.15. Where special labours 
are required, these shall be described adequately including the period 
of time involved. 

Some typical General Items follow, referenced in accordance with 
CESMM31 (Class A). 
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Amount 

Number Item Description Unit Quantity Rate £ p 

PART I GENERAL ITEMS 
Contractual requirements 

A110 Performance bond. sum 
A120 Insurance of the Works. sum 
A130 Third party 

insurance. sum 

Specified requirements 
Accommodation for 
Engineer's staff 

A211.1 Establishment and removal of 
office for the Engineer's staff, 
as Specification clause A25. sum 

A211.2 Maintenance of offices for 
the Engineer's staff. sum 

A211.3 Maintenance of offices for 
the Engineer's staff after the 
issue of the Completion 
Certificate. wk 15 

Attendance upon Engineer's 
staff 

A242 Attendance upon the 
Engineer's staff; chainmen. wk 80 

Testing of materials 
A250 Testing of materials; concrete 

test cubes as Specification 
clause C86. nr 300 

1/1 Page total 
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General Items 

Amount 

Number Item Description Unit Quantity Rate £ p 

Specified requirements 
Testing of the Works 

A260.1 Clay pipes, nominal bore 150 
mm, length 1380 m, as 
Specification clause 121.1. sum 

A260.2 Clay pipes, nominal bore 225 
mm, length 2540 m, as 
Specification clause 121.2. sum 

A260.3 Clay pipes, nominal bore 300 
mm, length 1170 m, as 
Specification clause 121.3. sum 

Temporary Works 
A272.1 Traffic regulation: 

establishment and removal as 
Specification clause A37. sum 

A272.2 Traffic regulation: continuing 
operation and maintenance 
as Specification clause A37. wk 80 

A276.1 Pumping plant: establishment 
and removal as Specification 
clause A52. sum 

A276.2 Pumping plant: operation 
and maintenance as 
Specification clause A52. h 600 

1/2 Page total 
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General Items 
(Blank pages in Bill of Quantities- entries of method-related 
charges made by tendering Contractor; normally handwritten) 

Amount 

Number Item Description Unit Quantity Rate £ p 

Method-related charges 
Accommodation and 
buildings 

A311.1 Establish offices: fixed. sum 
A311.2 Maintain offices for duration 

of construction: time-related. sum 
A311.3 Remove offices: fixed. sum 

Services 
A321.1 Establish electricity supply 

and standby generator: fixed. sum 
A321.2 Provision of electricity for 

duration of construction: 
time-related. sum 

Plant 
30 t crane for excavation and 
concreting of settling tanks 

A.331.1 Bring to site: fixed. sum 
A.331.2 Operate and maintain: time-

related. sum 
A.331.3 Remove: fixed. sum 

Temporary works 
Compressed air for 
tunnelling from access shaft 7 
to access shaft 10 

A358.1 Establish compressed air 
plant: fixed. sum 

A358.2 Compressed air supply: 
time-related. sum 

A358.3 Remove compressed air 
plant: fixed. sum 

Supervision and labour 
A371 Management and supervision 

for duration of construction: 
time-related. sum 

A373 labour for maintenance of 
plant and site services for 
duration of construction: 
time-related. sum 

1/3 Page total 
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General Items - Provisional Sums and Prime Cost Items 

Am wnt 

Number Item Description Unit Quantity Rate £ p 
Provisional Sums 
Daywork 

A411 Labour. sum 60 000 00 
A412 Percentage adjustment to 

Provisional Sum for Daywork 
labour. % 

A413 Materials. sum 30 000 00 
A414 Percentage adjustment to 

Provisional Sum for Daywork 
materials. % 

A415 Plant. sum 30 000 00 
A416 Percentage adjustment to 

Provisional Sum for Daywork 
plant. % 

A417 Supplementary charges. sum 25 000 00 
A418 Percentage adjustment to 

Provisional Sum for Daywork 
supplementary charges. % 

Other Provisional Sums 
A420.1 Permanent diversion or 

support of existing services. sum 18 000 00 
A420.2 Repairs to existing structures 

and plant. sum 25 000 00 

Nominated Sub-contracts 
which include work on the 
Site 

A510.1 Pumping plant. sum 30 000 00 
A520.1 Labours. sum 
A540.1 Other charges and profit. % 
A510.2 Lighting installation. sum 13 000 00 
A520.2 Labours. sum 
A540.2 Other charges and profit. % 

Nominated Sub-contracts 
which do not include work 
on the Site 

A610.1 Bollards to wharf (20 nr). sum 10 000 00 
A620.1 Labours. sum 
A640.1 Other charges and profit. % 
A610.2 Rubber buffers to fender 

piles (200 nr). sum 5 000 00 
A620.2 Labours. sum 
A640.2 Other charges and profit. % 

1/4 Page total 
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Effect of CESMM3 on Pricing 

The CESMM31 permits greater standardisation in the format of bills of 
quantities and this assists Contractors in pricing. The drafting commit
tee believe that bills prepared under CESMM31 are more consistent, 
with work adequately itemised and described to include cost-sig
nificant items with a consistent level of detail. It is also stated that the 
coding system permits estimating, valuation, purchasing and cost con
trol to use the same numerical references and that these will also 
simplify computerised data processing. These advantages are clearly 
identifiable in the operation of CESMM2. 

General Items 

Where the general items have been satisfactorily listed and priced and 
full use made by the Contractor of method-related charges, then the 
pricing of measured work is simpler. In theory all services and facilities 
that are not proportional to the quantities of permanent work will have 
been separated for pricing purposes. In practice all sorts of permuta
tions are possible. 

One Contractor may not insert any method-related charge items, 
while another could include for each and every type of plant, as he is in 
fact encouraged to do by Class A3, which, for instance, lists earth 
compaction plant and concrete mixing plant. Both of these types of 
plant involve some fixed costs in transporting plant and off-loading 
together with the subsequent transporting to a depot or another site. 
In between these fixed events the plant is operated and maintained 
and these can be regarded as time-related charges. On the other hand 
they could equally justifiably be considered as essential components of 
the earth compaction or concrete production, since they are pro
portional to the quantity of permanent work and hence could be more 
realistically included in the measured work rate. 

These possible variations in approach in dealing with the pricing of 
plant could result in considerable differences in measured rates and 
general items. Hence the analysis, checking and comparison of priced 
bills by Quantity Surveyors and Engineers may not always be simplified 
significantly. 

Measured Work 

It took time for estimators to become familiar with the earlier editions 
of the CESMM and all its ramifications, particularly the rather confus
ing bill descriptions that flow from the standardised approach. There 
was a danger, particularly in the early period of its use that estimators 
might omit to include for items of work that are included in the 
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particular bill item without the need for specific mention. Excavation 
and backfill to pipe trenches included in the pipework provide a 
specific example, even although beds, haunches and surrounds are 
measured separately (Class L). 

A typical earthwork bill item could read as follows. 

E424 General excavation in natural material to a maximum depth not 
exceeding 1-2 m 

The rate would have to cover the following items additional to cubic 
excavation, which are deemed to be included by rules in Class E. 

(1) Additional excavation needed for working space and removal of 
dead services. 

(2) Upholding sides of excavation. 

The estimator has therefore to proceed with caution and there is a 
danger that estimators may feel obliged to make some allowance in 
their tenders for the additional risk involved. 

Where there is a wide range of different manhole types, sizes and 
connections, the enumerated approach to the measurement of man
holes is not sufficiently sensitive. Similar criticism could be levelled 
at the maximum trench depth ranges used for excavation pricing 
purposes. 

The formwork to concrete items (Class G) is separated according to a 
range of widths from not exceeding 0.1 m (100 mm) to exceeding 1.22 
m (determined by width of plywood sheets). The underlying philos
ophy is that the separation of formwork in this way will help to indi
cate the relative complexity of the work and assist in the valuation of 
variations. The approach to the measurement of in situ concrete (Class 
F) separating provision from placing is eminently sensible. With the 
placing due attention can be paid to the specific location, which is 
important in pricing concrete in a widely differing set of situations, 
each generating different costs. 

With Piling (Class P), three items of information are given for groups 
of cast in place concrete piles, preformed concrete and timber and 
isolated steel piles to bring out the cost significant items in this class of 
work. 

(1) Cost related to number of piles (moving the rig and setting up 
piles). 

(2) Length of pile (cost of materials). 
(3) Bored or driven length (driving or boring cost); with a driven pile 

the length driven could be less than the actual length of pile. 
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Brickwork (Class U)- facework is not measured 'extra over' and this 
makes price assessment more difficult, since it involves the deduction 
of the common bricks to be replaced by facing bricks. 

Measurement Processes 

Dimensions Paper 

All dimensions and mathematical calculations should be entered on 
separate sheets of dimensions paper or in dimensions books. These 
entries are to be carefully made so that they can be readily checked by 
another person without any possible chance of confusion arising. 

The normal ruling of 'dimensions paper' on which the dimensions 
(scaled or taken direct from drawings) are entered, is indicated below. 

1 2 3 4 1 2 3 4 

Each dimension sheet is split into two identically ruled parts, each 
consisting of four columns. The purpose of each column will now be 
indicated for the benefit of those readers who are unfamiliar with the 
use of this type of paper. 

Column 1 is termed the 'timesing column' in which multiplying 
figures are entered when there is more than one of the particular item 
being measured. 

Column 2 is termed the 'dimension column' in which the actual 
dimensions, as scaled or taken direct from the drawings, are entered. 
There may be one, two or three lines of dimensions in an item depend
ing on whether it is linear, square or cubic. 

Column 3 is termed the 'squaring column' in which the length, area 
or volume, obtained by multiplying together the figures in columns 1 
and 2, is recorded, ready for transfer to the abstract or bill. 

Column 4 is known as the 'description column' in which the written 
description of each item is entered. The right-hand side of this wider 
column is frequently used to accommodate preliminary calculations 
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and other basic information needed in building up the dimensions and 
references to the location of the work, and is referred to as 'waste'. 

In the worked examples that follow in succeeding chapters the 
reader will notice that one set of columns only is used on each dimen
sion sheet with the remainder used for explanatory notes, but in 
practice both sets of columns will be used for 'taking-off'. 

Spacing of Items 

Ample space should be left between all items on the dimension sheets 
so that it is possible to follow the dimensions with ease and to enable 
any items, which may have been omitted when the dimensions were 
first taken-off, to be subsequently inserted, without cramping up the 
dimensions unduly. The cramping of dimensions is a common failing 
among examination candidates and will cause loss of marks. 

Waste 

The use of the right-hand side of the description column for prelimin
ary calculations, build-up of lengths, explanatory notes and related 
matters should not be overlooked. All steps that have been taken in 
arriving at dimensions, no matter how elementary or trivial they may 
appear, should be entered in the waste section of the description 
column. Following this procedure will do much to prevent doubts and 
misunderstandings concerning dimensions arising at some future date. 

Order of Dimensions 

A constant order of entering dimensions must be maintained through
out, that is (1) length, (2) breadth or width, and (3) depth or height. In 
this way there can be no doubt as to the shape of the item being 
measured. When measuring a cubic item of concrete 10 m long, 5 m 
wide and 0.50 m deep, the entry in the dimension column would be as 
follows. 

10.00 
5.00 
0.50 

Provision of cone. - designed 
mix grade C10, ct. to BS 12, 20 
mm agg. to BS 882; min. ct. 
content 250 kg/m 3 • 

& 
Placing mass cone. in base, 
thickness: 30~500 mm. 
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It will be noted that dimensions are usually recorded in metres to 
two places of decimals with a dot between the metres and fractions 
and a line drawn across the dimension column under each set of 
figures. Where the dimensions apply to more than one descriptive 
item, a bracket should be inserted as illustrated. 

Time sing 

If there were three such items, then this dimension would be multi
plied by three in the timesing column as shown below. 

3/ 1o.oo I 
5.00 
0.50 

Provision of cone. - designed 
mix grade C10, ct. to BS 12, 20 
mm agg. to BS 882; min. ct. 
content 250 kg/m 3 • 

& 
Placing mass cone. in base, 
thickness: 30~500 mm. 

If it was subsequently found that a fourth bed was to be provided, 
then a further one can be added in the timesing column by the process 
known as 'dotting on', as indicated below. 

10.00 
5.00 
0.50 

Descriptions as previous items I 

Where there are a number of units of the same item, all multiplying 
factors should appear in the timesing column. Taking, for instance, 30 
rows of piles with 4 piles in each row, entries on the dimension sheet 
would be: 

3014! 1 

3014! 10.00 

Number of preformed cone. 
piles, grade C25, 300 x 300 mm, 
len. 10.6 m; m.s. drivg. 
heads & shoes. 

I Depth driven. 

10.00 

10.00 
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Abbreviations 

Many of the words entered in the description column are abbreviated 
to save space and time spent in entering the items by highly skilled 
technical staff. Many abbreviations have become almost standard and 
are of general application; for this reason a list of the more common 
abbreviations is given in appendix I. A considerable number of ab
breviations are obtained merely by shortening the particular words, 
such as the use of 'fwk.' in place of 'formwork', 'rad.' for 'radius' and 
'cone.' for 'concrete'. The author also believes that it would be per
missible to omit the metric symbols in billed item descriptions, but has 
included them in the examples, following the practice adopted in The 
CESMM3 Handbook. 5 

Grouping of Dimensions 

Where more than one set of dimensions relates to the same descrip
tion, the dimensions should be suitably bracketed so that this shall be 
made perfectly clear. The following example illustrates this point. 

148.00 

246.00 

132.00 

56.00 

Clay pipes to BS 65 w.s. & s 
flex. jts. nom. bore 225 mm in 
trs, between mhs 8 & 12, 
depth: 2-2.5 m. 

Where the same dimensions apply to more than one item, the best 
procedure is to segregate each of the separate descriptions by an '&' 
sign as illustrated below, and to insert the customary bracket. 

260.00 
16.00 

3.20 

Excavn. for cuttgs. max. depth 
2-5 m; Excvtd. Surf. 0.30 m 
above Final Surf. 

& 

Fillg. embankts. selected 
excvtd. mat. other than topsoil 
or rock. 
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Deductions 

After measuring an item of construction it is sometimes necessary to 
deduct for voids or openings in the main area or volume. This is 
normally performed by following the main item by a deduction item as 
shown in the following example. 

11.80 
10.35 
0.20 

1.60 
1.45 
0.20 

Figured Dimensions 

Placg. mass cone. a.b. in 
ground slab; thickness 
150-300 mm. 

Ddt. ditto. 
(opgs.) 

When 'taking-off' it is most desirable to use figured dimensions on the 
drawings in preference to scaling, since the drawings are almost in
variably in the form of prints, which are not always true-to-scale. It is 
sometimes necessary to build up overall dimensions from a series of 
figured dimensions and this work is best set down in waste, on the 
right-hand side of the description column. 

Numbering and Titles of Dimension Sheets 

Each dimension sheet should be suitably headed with the title and 
section of the project at the head of each sheet and with each sheet 
numbered consecutively at the bottom. Some prefer to number each 
set of columns on each dimension sheet separately. The entering of 
page numbers on each dimension sheet ensures the early discovery of 
a missing sheet and that the sheets are in the correct sequence. 

At the top of the first dimension sheet for each main section of the 
work should be entered a list of the drawings from which the measure
ments have been taken, with the precise drawing number of each 
contract drawing carefully recorded. A typical example of such a list 
follows. 
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NORTH CREAKE OUTFALL SEWER 

Drawings 
NC/SEW/1/0A 
NC/SEW/1/SA 
NC/SEW/1/68 
NC/SEW/1/78 
NC/SEW/1/12A 

(layout Plan) 
(Sewer Sections) 
(Sewer Sections) 
(Sewer Sections) 
(Manhole Details) 

SHEET NR 1 

The importance of listing the contract drawings from which the 
dimensions have been obtained in this way, is that in the event of 
changes being made to the work as originally planned resulting in the 
issue of amended drawings, it will clearly be seen that these changes 
occurred after the Bill of Quantities was prepared and that variations to 
the quantities can be expected. 

It is good practice to punch all dimension sheets at their top left
hand corner and fasten them together with Treasury tags. 

Take Off Lists 

Where the work contained in a project is complex or fragmented, it is 
good practice to prepare a take off list at the outset listing the main 
components in the order that they will be measured. This enables the 
person measuring the work to look at the project in its entirety, to 
reduce the risk of omission of items and to provide a checklist as the 
detailed measurement proceeds. 

Query Sheets 

It is good practice to enter any queries that may arise during the 
taking-off on technical matters on query sheets, which are normally 
subdivided vertically into two parts. The first column contains details 
of the matters on which clarification or amplification are required and 
the second column is used for the Engineer's reply. These sheets 
should always be prepared in the examination where appropriate. 

Use of Schedules 

When measuring a number of items with similar general characteristics 
but of varying components, it is often desirable to use schedules as a 
means of setting down all the relevant information in tabulated form. 
This assists with the taking off process and reducing the risk of error, 
and is particularly appropriate for the measurement of a considerable 
number of manholes as illustrated on pages 218 and 219. 
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Abstracting 

When the items on the dimension sheets after squaring cannot con
veniently be transferred direct to the appropriate section of the bill, 
they may be grouped in an abstract, where they will be suitably classi
fied and reduced to the recognised units of measurement preparatory 
to transfer to the bill. The various phases of abstracting are described 
and illustrated in chapter 16, where other bill preparation processes 
are also described. 



5 Measurement of Ground Investigation, 
Geotechnical Processes, Demolition 
and Site Clearance 

Ground Investigation 

Ground or site investigation may be part of a construction contract or 
be a separate contract wholly concerned with this activity. 

The measurement of trial pits, trenches and boreholes is classified in 
CESMM31 B 1-3 **,amplified by some important additional description 
rules. Each group of pits, trenches and boreholes generates at least 
two bill items, namely the number of holes and the aggregate depth 
measured in metres, under various classifications. Separate items are 
needed where the work includes excavation in rock or other material, 
support to holes or backfilling, and removal of obstructioos (measured 
by the hour). This approach enables costs that are proportional to the 
number of holes, such as moving boring rigs, to be kept separate from 
costs related to the depths of holes. Pumping of trial holes is given by 
the hour at a stated minimum extraction rate. 

Rule A1 of Class B requires item descriptions for the number and 
depth of trial pits and trenches to state the minimum plan area at the 
bottom of the pit or trench or where the work is undertaken to locate 
services, the maximum length of the trench. While rule A2 requires 
item descriptions for the number and depth of trial pits and trenches 
(B 11-4 *)to identify separately those expressly required to be excavated 
by hand because of the higher costs entailed. The items for both light 
cable percussion and rotary drilled boreholes shall state the nominal dia
meter. The diameters of rotary drilled boreholes are related to core sizes. 
For instance a core size of 11 mm requires a hole size of 18 mm, and a core 
of 25 mm a hole of 32 mm; core sizes range from 11 to 150 mm. 

Samples and tests are numbered with the descriptions, covering 
size, type and class in accordance with BS 5930 (Code of practice for 
site investigations). With samples a distinction is made between (1) 

80 
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'undisturbed' (normally a solid core placed in an airtight tube) and 
'disturbed' (loose excavated soil); (2) soft material and rock; (3) sam
ples taken from 'trial pits or trenches or sources at surface' and those 
from 'boreholes'. 

Rule C1 of Class B stipulates that items for ground investigation shall 
be deemed to include the preparation and submission of the records 
and results but not their analysis (rule M2). 

Examples of typical ground investigation bill items follow. 

Amount 

Number Item Description Unit Quantity Rate £ p 

GROUND INVESTIGA T/ON 
Trial pits 

8114 Number in material other 
than rock, maximum depth 
3-5m; minimum plan area at 
bottom of pit: 2.25 m 2 • nr 34 

8130 Depth in material other than 
rock; minimum plan area at 
bottom of pit: 2.25 m 2 • m 136 

8160 Depth backfilled with 
excavated material. m 136 

8170 Removal of obstructions. h 15 
8180 Pumping at a minimum 

extraction rate of 8000 1/h. h 30 

Rotary drilled boreholes 
(nominal minimum core 
diameter: 100 mm) 

8310 Number. nr 14 
8342 Depth with core recovery in 

holes of maximum depth 
5-10 m. m 112 

8360 Depth backfilled with cement 
grout. m 112 

8370 Core boxes, 3 m long. nr 28 

Samples 
8412 Disturbed samples of soft 

material from the surface or 
from trial pits: minimum 
5 kg; Class 3. nr 102 

8421 Open tube samples from 
boreholes; 100 mm diameter 
x 600 mm long, undisturbed 
sample; Class 1. nr 56 

Note: The code numbers in the CESMM3 1 have been used as reference 
numbers for the bill items, but this approach is optional. 
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Geotechnical and Other Specialist Processes 

Class C covers specialist work in changing the properties of soils and 
rocks and is usually carried out by sub-contractors. These specialist 
operations are likely to generate method-related charges for bringing 
plant to the site and associated activities. 

The measurement of grouting is subdivided into four principal items 
- length and inclination of drilling, number of holes to be drilled, 
number of injections of grout, and amount of grout materials to be 
injected (C 1-3,4 and 5 **).Drilling for grouting is classified according 
to inclination under five classifications (C 1 and 2, 1-5 **), and the 
description must include the diameter of the hole to be drilled (rule A1 
of Class C). Grout mixture components and proportions should be 
stated in item descriptions, or alternatively reference may be made to 
the appropriate Specification clause(s). 

The measurement of diaphragm walls (C6) has been kept relatively 
simple compared with the normal approach to the measurement of 
excavation and concrete. It recognises the specialist nature of the 
design, which is usually the responsibility of the Contractor. It is, 
however, necessary to establish clearly whether the cost of activities, 
such as the preparation of projecting reinforcement to receive capping 
beams and the disposal of excavated material, is to be included in the 
sub-contract or the main contract. 

The measurement of ground anchors (C7) and sand, band and wick 
drains (C8) comprise both enumerated items to cover such activities as 
the moving of plant from one location to another, and linear items to 
cover the cost of materials that are proportional to length, such as 
tendons and sand. 

Readers requiring more detailed information on the measurement of 
these specialist techniques are referred to The CESMM3 Handbook. 5 

Demolition and Site Clearance 

Class D embraces the demolition and removal of objects above the 
original surface of the ground and tree roots below it. Other items 
below ground, such as basements and base slabs, will normally be 
measured under Class E. 

The number and content of the measured items in this class are 
restricted, since it is assumed that tenderers will have to inspect the 
site to assess the working conditions, items to be removed and their 
likely saleable value. 

General clearance embraces shrubs and trees with a girth not ex
ceeding 500 mm (trunk measured at 1 m above ground), tree stumps 
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not exceeding 150 mm diameter, hedges and undergrowth, and pipe
lines above ground not exceeding 100 mm nominal bore. It is mea
sured in hectares (D1), with clear identification of the particular area, 
preferably delineated on a tender drawing. Larger trees and stumps are 
enumerated in their respective girth and diameter ranges (D 2 1-5 0 
and D 3 1-3 0). 

Buildings and other structures also need to be clearly identified, 
possibly by reference numbers or letters or names on a tender draw
ing. The bill description must include the predominant materials and 
the total volume above ground within the external faces of enclosing 
walls and roof. Items for demolition and site clearance shall be 
deemed to include disposal of the materials arising from the works 
(rule C1 of Class D). Separate items are required for any materials or 
components which are to remain the property of the Employer. 

Demolition of pipelines above ground exceeding 100 mm nominal 
bore and those within buildings, exceeding 300 mm nominal bore, are 
measured by length in metres. Prices include the demolition and 
removal of supports (rule C4). Rule 5.14 applies to the dimension of the 
pipeline given in the demolition description in Example 1, as it consti
tutes a single dimension (225 mm) in the CESMM3 range of dimensions 
(100 to 300 mm), and could equally well be applied to the volume of the 
building. 

Worked Example 

An example follows covering the measurement of site clearance work. 
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EXAMPLE 1 

Code numbero from CE5MM3 
inserted after item descriptions 
for idevrfificaiian purposes 

G€J1era1 clearaYice Wldudm -1ro 
dewolition 11¥1d clearcmce ct all 
arfide1, object& and obfirudions 
except buildi+?qs ood a/Vrer 
s!ructures, ardtarger trees , 
mumps Ql/d p ipelims 
Arm i6 r«iuced to hrotares 
prior to billitlg. 

FeJJiMg of trem e~umerafed 
wii¥1 girth classrfication as D2 
I- !1, !1fld dee.tmtf W if~ eLude 
removal of -/he stumps where 
-!fley are aloo rr~uirm to be 
reWJOvfd (rule Co of class D). 
lhe nature of cwry bacf.fillinq 
mai:eriaL i6 to be 'statfd (riJi£ 
A3 of das& D). 

AIL e:r.istmg stumps. of 1fl~ 
satm diameter classifiatbon 
(J5 0~10. 

2 

2 

E. E. 



S\ TE C L 'E A R.A N C E (CotJtd.) 

bldg.- rnain area 
113·500 
1·000 1'29· 000 •• 6·000 
2·000 1'2. 000 Cubic comem5 atlculai:Rd W! 

fatal area 14-1 ·500 / ll!aste' wilfl roch srep suitab~ 
o·ooo 011i'lotata:i. tutal vo~. 42A-SOOwr 

Sum Bldg. bwk & r c rooF BwldiMgs to be demoUehro are 
vo~ 2'j0- 'jOO mo (425m3). mtered 119 11 sum wd:h vowme 

D414 
atove ground_ [Eve/, givevr i¥1 ~ 
descnption, WI acwrdcm.ce wHf! 

wa/1 JfJe ru;y;s iN1 D411-8. 
23·1S It wo d be more helpful. to 1W 
0·2~ mnirocfor to be given /JIJe a duaL 
~ 7-36 vowme. 
pier 

0·45 
0·45 
I ·ijQ 0·'30 

7E6 

SUWI &J.y. wall, bwt voL 6m3 DtmBI1sione are evrtered W1 fJ?e 
order of ~, iVUcrnero a.11d 

D511 h~ighf Di W!dron i6 mode 
betwWI a wall of which ifle 
vo1ume c.aVl be g1vevr UVIder 051, 
CMd U nmr feV~Ce& t"nclud(Jd 
lAf!dQr geneiaL clmralt'e ~e 
advai volume, 10 givm as il !6 

oo far be!Dw 50 W/0 

4'j ·00 P1peune nom. bore Pipe supports are 1111ciLid(d iv1 
225 mm. fhe price withoui. .ffre nmi for 

D610 specific mention {_rule C4 (Jf 

1.2 
daes D). 
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6 Measurement of Earthworks 

Earthworks form a major part of most civil engineering contracts. The 
pricing of this work is made difficult by its relatively uncertain nature 
and extent and the effect of weather and water. The measurement 
rules attempt to recognise these factors and to permit the tenderer to 
make allowance for them. 

The three measurement divisions in Class E are accompanied by 
extensive rules, which must be carefully considered and applied to 
every measured item. Excavation items cover excavation of one type 
(dredging, cuttings, foundations or general excavation) in one type of 
material (topsoil, rock, other natural material or artificial hard ma
terial); separate items are required for disposal of excavated material 
(disposal off site, disposal on site or re-use as fill). The items for 
foundations and general excavation are also classified according to the 
maximum depth range below the commencing surface. The depth 
stages are governed by various provisions - paragraphs 5.21 and 
1.1~13 dealing with the definition and use of the various surface terms 
(original, final, commencing and excavated surfaces) and rule M5 of 
Class E with separation of items where separate stages of excavation 
are expressly prescribed. 

For example, the depth of excavation for an item 'excavation for 
foundations' would normally be taken from the 'Original Surface' 
(surface of ground before any work has been carried out) to the 'Final 
Surface' (surface shown on the Drawings to which excavation is to be 
performed, to receive the Permanent Works). Where the depth of 
excavation in a measured item is to be restricted to a certain stage, this 
can be done by giving a 'Commencing Surface', where it differs from 
the 'Original Surface', at which it will begin or an 'Excavated Surface' at 
which it will end. Thus the stripping of topsoil or the excavation of the 
last 15~300 mm of a cutting, possibly left to protect the formation, may 
constitute separate and distinct stages of excavation. 

The maximum depths listed in the third division of Class E for 
excavation of foundations and general excavation signify the total 
depth to be excavated, not the thickness of any layers of different 
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88 Civil Engineering Quantities 

material within it. In this way the bill rates can reflect the choice of 
plant and method of excavation. 

However, excavation through a rock formation 3m deep underlying 
7 m of gravel would best be measured and described in two items: 
'General excavation in material other than topsoil, rock or artificial 
hard material, maximum depth: 5-10 m; Excavated Surface top of the 
rock' and 'General excavation in rock, maximum depth: 2-5m; Com
mencing Surface top of rock'. 

Rule 01 of Class E prescribes that where material is not defined in 
the bill, it is deemed to be normally occurring soft natural material 
(other than topsoil, rock or artificial hard material). Some special cat
egories of excavated material such as running sand are not listed, as this 
operation is akin to dealing with groundwater and constitutes a Con
tractor's contractual obligation. Rule M8 prescribes that an isolated 
volume of artificial hard material or rock occurring within other ma
terial to be excavated shall not be measured separately unless its volume 
exceeds 1 m3 , except that the minimum volume shall be 0.25 m3 where 
the net width of excavation is less than 2 m. 

Rule C1 provides that excavation items are deemed to include addi
tional excavation to provide working space, upholding the sides of 
excavations and removal of dead services. Tenderers should allow for 
these items in excavation rates or in method-related charges. Excava
tion below a body of open water, such as a river, stream, canal, lake or 
body of tidal water, is measured separately in accordance with rule M7, 
at the highest applicable water level. 

Rule M4 indicates that dredging is normally measured from sollhd
ings taken before and after the work is done. Where hopper or barge 
measurements are permissible this must be stated in a preamble to the 
Bill of Quantities, clearly identifying the circumstances in which the 
alternative method can be adopted. Dredging to remove silt is mea
sured only where it is expressly required that silt which accumulates 
after the final surface has been reached shall be removed (rule M14). 

Extra payment for double handling of excavated material is limited to 
that expressly required by rule M13. If the Contractor stockpiles with
out being instructed to do so he will not be entitled to additional 
payment, even although it might have been difficult to avoid it, as with 
excavated material to be subsequently used as fill. Excavation within 
borrow pits is classed as general excavation and shall be the net 
volume measured for filling, and is deemed to include the removal and 
replacement of overburden and unsuitable materials. 

The quantities of material excavated or used as filling are measured 
net using dimensions from the drawings, with no allowance for bulk
ing, shrinkage or waste (rule M1), with the exception of additional 
filling resulting from settlement or penetration into underlying rna-
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terial in excess of 75 mm in depth (rule M18) - a difficult provision 
to apply in practice. Filling items must distinguish between filling to 
structures, forming embankments, filling in layers to a stated depth or 
thickness (such as in drainage blankets, topsoiling, pitching and 
bleaching), and general filling. Rule A11 prescribes that differing com
paction requirements relating to the same filling material are to be 
given in item descriptions. Filling items are deemed to include com
paction (rule C3). However, filling and compaction cannot be included 
in excavation rates. Filling material shall be deemed to be non-selected 
excavated material other than topsoil or rock, unless otherwise stated 
in item descriptions (rule D6). 

Filling to structures would include such work as filling around and 
over covered concrete storage tanks. Backfill to working space is not, 
however, measurable (rule M16). In items of filling to a stated depth or 
thickness, the materials shall be identified and work within three 
inclination ranges (10°-45°, 45°-90° and vertical) stated in the item 
descriptions (rules A13 and A14). 

Under rule D7 the Contractor may use excavated rock as filling where 
the Specification permits, but he will only be paid at the rates for filling 
with excavated rock in locations where this is expressly required. Rules 
M20 and M21 requiring the measurement of the volume of rock fill in 
transport vehicles at the place of deposition in the case of soft areas and 
below water are often difficult to implement in practice. 

The volume of disposal of excavated material measured shall be the 
difference between the total net volume of excavation and the net 
volume used for filling (rule M12). Disposal of excavated material shall 
be deemed to be disposal off the site unless otherwise stated in item 
descriptions (rule D4), and where disposal on site is required, the 
location shall be stated in the item description (rule A9). 

The trimming of permanently exposed surfaces and the preparation 
of surfaces to receive permanent works, mainly concrete, are mea
sured to both excavation and filling (rules M10, M11, M22 and M23). 
Work to sloping surfaces will be classified in the three categories listed 
in rules A8 and A15. 

Turfing and seeding are measured in square metres separately ident
ifying work to surfaces at an angle exceeding 10° to the horizontal (rule 
A18). Plants, shrubs and trees are enumerated stating the species and 
size, while hedges are measured in metres stating the species, size and 
spacing, and distinguishing between single and double rows. 

Worked Examples 

Worked examples follow, covering the measurement of excavation 
and fill. 



90 Civil Engineering Quantities 

Measurement of Excavation and Filling 

Various methods can be used to calculate the volume of excavation 
and/or filling required as part of civil engineering works. The method 
used is often largely determined by the type of work involved. Accu
racy and speed of operation are the main factors to consider when 
selecting the method of approach. 

When calculating the volumes of excavation and filling for cuttings 
and embankments to accommodate roads and railway tracks, Simp
son's rule can often be used to advantage and a simple example 
follows to illustrate this approach. 

Using Simpson's rule the areas at intermediate even cross-sections 
(nrs. 2, 4, 6, etc.) are each multiplied by 4, the areas at intermediate 
uneven cross-sections (nrs. 3, 5, 7, etc.) are each multiplied by 2 and 
the end cross-sections taken once only. The sum of these areas is 
multiplied by one-third of the distance between the cross-sections to 
give the total volume. To use this formula it is essential that the 
cross-sections are taken at the same fixed distance apart and that there 
is an odd number of cross-sections (even number of spaces between 
cross-sections). 

For instance, taking a cutting to be excavated for a road, 300 m in 
length and 40 m in width, to an even gradient, with mean depths 
calculated at 50 m intervals as indicated below and side slopes 2 to 1, 
and assuming that stripping of topsoil has already been taken. 

Cross-section 
Mean depth (m) 

1 
4 

2 
10 

3 
16 

4 
20 

5 
18 

6 
12 

7 
6 

The width at the top of the cutting can be found by taking the width 
at the base, that is, 40 m and adding 2/2/the depth to give the horizontal 
spread of the banks (the width of each bank being twice the depth with 
a side slope of 2 to 1). 

In simpler cases involving three cross-sections only, the prismoidal 
formula may be used, whereby 

volume =- x x + + 1 total { area of 4 times area of area of last} 

6 length first section middle section section 
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Cross- Depth Width at Top of Mean Width 
section (m) Cutting (m) (m) Weighting 

56 + 40 
1 4 40+4X4 = 56 = 48 1 

2 

2 10 40 + 4 X 10 = 80 
80 + 40 

= 60 4 
2 

3 16 40 + 4 X 16 = 104 
104 + 40 

=72 2 
2 

4 20 40 + 4 X 20 = 120 
120 + 40 

= 80 4 
2 

5 18 40 + 4 X 18 = 112 
112 + 40 

= 76 2 
2 

6 12 40 + 4 X 12 = 88 
88 + 40 

=64 4 
2 

7 6 40+4X6 64 
64 + 40 

=52 1 
2 

The dimensions can now be entered on dimensions paper in the 
manner shown on the following sheet. 
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EXQAYA110N FOR 12.0AD CU111NG 
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4( 0000 

20·00 (c.s.4 

2/ 16.00 Total. W£lgntiv1£ is 18 av~d 
IBOO (c.s.5 the IWrnber af wr long 

A-f 
sections oF f!fcavaiion vo 6, 

64·00 so 1flat 6(/B or 'IB of 1k 
\2· 00 (c.s.6 disfct11ce of 50 m must be -IJ1e 

~imreUt?g factor requim:l. 
~·00 

6·00 ~.5.7 

Maferwl to be excavaki i-s 
deemed to be naturalhj 
ocouriJ soft natural; 
moteri of.t!er thavr topeoiL, 
rode. or arfifrCial hard 
maferiat, uvrlroa o/fJerwi80 
stated Uri U:oo dPscripfions 
(rule- Dl of dass E). 
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Example II (Drawing No. 2) 

This example covers the measurement of the excavation and filling 
required for an area 72 m x 36 m with surrounding banks with side 
slopes of 21J2 to 1. The whole of the area, excluding banks, is to be 
stripped of topsoil, which will mainly be used for soiling the banks to a 
depth of 150 mm. 

The 150.000 contour line is first plotted on the plan since this rep
resents the demarcation line between the excavation and filling. In
termediate points on the contour line are found by interpolating 
between known spot or ground levels. For instance, taking the two 
levels in the bottom left-hand corner (S.W.), the difference between 
the two adjacent spot levels is 150.860 - 149.285 = 1.575 m, and the 
distance of the 150.000 level point from the edge of the area is 

0.715 
-- x 12.000 = 5.450 m 
1.575 

The method of working adopted for this example is to calculate the 
volumes of excavation and fill in the main area (that is, 72 m x 36 m) 
from calculated average depths and to follow with the volumes of the 
banks. This is the simplest and quickest method although there are 
many alternative techniques. The average depths of excavation and fill 
are most conveniently found by suitably weighting the depth at each 
point on the grid of levels, according to the area that it affects. Gener
ally this involves taking the depths at the extreme corners of the area 
once, intermediate points on the boundary twice and all other in
termediate points four times. The sum of the weighted depths is 
divided by the total number of weightings (number of squares x 4) to 
give the average weighted depth for the whole area. 

An alternative is to calculate the cross-sectional area on each grid 
line, including the section of adjacent bank, and to weight the areas 
in accordance with Simpson's rule. The banks at the end of each 
area would have to be added to the volumes of excavation and fill 
respectively. 

Schedules of depths and the dimensions of excavation and fill now 
follow. 



EXCAVATION AND FILLING 
DRAWING N0.2 

FILLING 

141·560 

141·010 

151•110 153 

... 
N 
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EXCAVATION AND FILLING EXAMPLf: n 

AVERAGE. OE.PiH OF £:'XC..AVAiiON tO MAIN AIZ.E:A 

lEXCLUDING ~ANI::..S) 

GU.OUND De PiH OF WEIGHilNG We ICIHTE.D 
OEI'TH Of COMME.NTS 

LEVEL E.XCAYAiN. t:lCCAYATN. 

150· 020 0·150 I 0·150 I 00 11M! topooiL 
1~1·010 I· 010 I I· 010 io wei8~ llti& iwice 

woo1d. gNe PY.cessivtfy 
hiff' exet1vation 
quattbties. 

\ 00· 000 0·150 3 0-450 100 IMWI topeoiL; affect5 
~ sr:pares. 

151-450 \·450 2 2·900 

\~·520 0·520 0 I· 560 

1?1·950 1·950 2 o-90o 

100·005 0·150 2> 0·4-?0 1so mm fopeoiL 
\~1· 0\0 I· 0!0 4 4· 040 

!52-210 2-210 2 4-.4-20 

\50· 660 O·a60 3 2·500 

\51· 960 \· 980 4 l-9'20 
t?o· 020 ?>·OW 2 6·04{) 

149·990 0·100 I 0· 150 
100 ""'' furmiL 

151· 000 1·000 2 2·000 

\?'2· 'l70 '2270 '2 4-~ 

15~- 200 "0'2.00 

I 
I "0·'2.00 

06 ) 4{:). '010 

Ave.Jldce c ~til of excav lrttoV? 1·258 

(l.ttc Clm~ topooi~) 

NOiE: 7he contour Ire~ virtuaU W wincidiMt u ·Iii the corrrem 
of Wrtermeri fzte S<{Uatre. 
1he total w ~httir of~ ie 7:ivatellfi. w9~e 
61uares wih 4-~Ve l ~6 «<ciJ. 

2. I 
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EXCAVATION AND F-ILLING (Covttd.) 

AVEl2.AG.E DEPTH OF Fl LL 10 MAIN A flEA 
(E.XCLUDl NG 6AN K.5) 

uiZOUND DEPTH OF WElGH1li'IG WEIGHTED 
L'E:VE:L FILL D£ PTH OF 

fiLL 

141-100 1-900 l 2·900 

149·066 1·905 2 3·610 
149· 000 0·950 2 \· 900 
150· OW - I -
141~0 2·\50 2 4-·300 
14'0· 560 1·440 4 5·160 
14-9-215 0-125 3 2 115 
l4B·~O 1·600 2 3060 
149·060 0·940 4 3·1.60 
150·000 - 3 -
145·240 1·160 2 8·52.0 
149. oeo 0-620 3 l-%0 
145· S70 I· \00 2 2·260 
150·005 - 3 -
149-2'05 0·115 I 0·115 
149-990 0·010 l Q.Q\0 

36 ) 36·090 

Av€r(Jge ciepb of fill I· Oll 

Add reploc~ ~ of tqJooi~ 0·100 

Awrl'ae total. dept¥1 of fill I· lf>l 

2..2 
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0. te> Surf. ufs of tq;so . . areGJ w fiU«i. 

E4-ll 
2.3 
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fun.k8 
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-itj SI·OO 
9-45 

i/ 36·00 

S·50 
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7 Measurement of Concrete 

In Situ Concrete (Class f) 

Class F in CESMM3 realistically prescribes separate bill items for the 
provision and placing of concrete. This separation is intended to assist 
the tenderer in relating prices more closely to costs and so simplifying 
estimating and assisting with the valuation of variations. A change of 
concrete mix or a variation in placing can be more readily accommo
dated by a change in the rate of one of the component items. 

In measuring this class of work there will be a small number of items 
for the provision of concrete - one for each mix. These will be 
followed by many more items for placing concrete distinguishing be
tween different types of concrete (mass, reinforced and prestressed), 
different locations and different structural members of different size 
ranges (second and third divisions). The prices for concrete can be 
inserted against three sets of items: (1) provision of concrete covering 
the materials and mixing costs; (2) placing of concrete embracing all 
labour and small tools in placing and curing concrete; and (3) method
related charges covering major plant and labour in batching and trans
porting concrete. 

Provision of Concrete 

The item descriptions for the provision of concrete use the terminolo
gy of BS 5328. Methods for specifying concrete, including ready-mixed 
concrete. Thus a 'standard mix' is a mix selected by the Contractor 
from a restricted list given in section 4 of BS 5328: Part 2. A 'designed' 
mix is one where the performance is stated in the contract and the mix 
proportions are selected by the Contractor to achieve the required 
performance. A 'prescribed' mix is one where the Engineer specifies 
the mix proportions. 

Ordinary structural concrete (F 1-4) is normally made with Portland 
cement to BS 12, Portland blastfurnace cement to BS 146 or sulphate
resisting Portland cement to BS 4027, and must not contain any special 
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additives. 'Standard mixes' vary between ST1 and ST5, while for 'de
signed mixes' commonly used grades are C7.5, C10, C15, C20, C25 and 
C30 or F3, F4 and F5. The maximum size of aggregate ranges between 
10, 14, 20 and 40 mm. 

A 'designed mix' (F2/F3) to comply with BS 5328 must encompass the 
particulars listed in the classification table, and also give the permitted 
size of aggregate, the minimum cement content in kglm3 , the rate 
of sampling and possibly the water cement ratio and any quality as
surance requirements. It is common practice for some of these re
quirements to be included in the specification rather than in item 
descriptions in the bill of quantities. 

In the last type of mix (F4)- 'prescribed mix'- the item description 
should include the permitted type of aggregate, the mix proportions 
(in terms of weight of cement in kg), coarse aggregate, workability and 
any quality assurance requirements, and for fresh concrete the method 
of testing and rate of sampling. The rate of sampling is only required if 
it is higher than one sample for every 50m3 or 50 batches, whichever is 
the lesser volume. In both designated and prescribed mixes other 
optional statements can be made to elaborate the specification. 5 

Placing of Concrete 

This activity is covered in CESMM31 by F 5-7 and the accompanying 
rules. The note at the foot of page 41 in the CESMM31 emphasises the 
effect of location on costs and the need to enlarge item descriptions in 
accordance with paragraph 5.10 where special characteristics affect the 
method and rate of placing concrete. Cost may be affected by height 
above or below ground, position and shape on plan, density of rein
forcement, restrictions on access, unusual limitations on pouring, ex
ceptional curing requirements and related aspects. The wording of 
'may be stated' in the footnote is intentional - it should be im
plemented in the interests of tenderers, but it would not be satisfac
tory to make the provision compulsory, since an incorrect assessment 
of the likely differences in concrete placing costs could then be con
strued as an error in the bill. 

The thicknesses of blinding bases, slabs and walls are expressed in 
ranges in the third division; thus all slabs exceeding 150 and not 
exceeding 300 mm in thickness can be grouped together in a single 
item. The quantity of concrete to be poured is measured in m3 , but 
small differences in thickness are not considered to be cost significant 
and hence the bill can be simplified by reducing the number of items 
in this way. 

Tapering walls, columns and beams are best treated as non-standard 
components, stating the range of thicknesses or cross-sectional areas. 
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However, on occasions it may be sufficient to include the whole of 
the concrete placing in a single item where only a small proportion falls 
in a second and thicker category, provided that an additional descrip
tion makes it clear what has been done and a preamble indicates a 
departure from CESMM31 in accordance with paragraph 5.4. 

A nomogram in The CESMM3 Handbook5 assists in determining the 
cross-sectional area of concrete components without calculation and 
so readily establishes the appropriate range in accordance with the 
third division particulars. 

Columns and piers attached to a wall shall be measured as part of the 
wall and beams attached to a slab as part of the slab, except where 
required to be cast separately (rules M3 and M4), but the thickness of 
the wall or slab shall not be increased. On the other hand, concrete in 
suspended slabs and walls less than 1 m wide or long shall be mea
sured as concrete in beams and columns respectively (rule 08). Some 
components may cause problems in classification, for example a col
umn cap which might be classified as a thickening of the slab, thicken
ing of column or 'other concrete form' (F 5-7 8). With these alternative 
approaches available an additional item description should be inserted 
to show what has been done in accordance with paragraph 5.13. The 
classification of 'other concrete forms' might also be used to cover 
composite members, giving the principal dimensions or an identifying 
reference (rule A4). Box culverts could be classified in this way where it 
would be more helpful to the tenderer than the separate measurement 
of walls and slabs. 

Complex beam shapes make the pouring of concrete more difficult. 
Hence rules 09 and A3 require beams which are rectangular or approxi
mately rectangular over less than four-fifths of their length, or where 
they are of box or other composite section, to be separately shown in 
the bill as 'special beam sections', with details of their cross-sectional 
dimensions or a drawing reference. 

Rules M1 and M2 simplify the computation of concrete quantities by 
eliminating the need for deductions for reinforcement, prestressing 
components, and most cast in components, rebates, grooves, throats, 
chamfers, internal splays, pockets, holes, joints and the like, and the 
need for additions for small nibs or external splays. Internal splays 
arise from fillets placed inside formwork, thereby reducing the volume 
of concrete required, while external splays add to the volume of 
concrete. These rules result in a larger volume of concrete being 
measured than is actually required because significant voids are not 
adjusted while only small projections are ignored. 

Cubic items for the placing of concrete are deemed to include the 
following additional items without the need for specific mention. 
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(1) Nibs or external splays less than 0.01 m2 in cross-sectional area 
(rule M2 of Class F). 

(2) Placing concrete against excavated surfaces (rule M2 (d) of Class 
G). 

(3) Forming upper surfaces inclined at an angle not exceeding 15° to 
the horizontal (rule M3 of Class G). 

(4) Formwork to temporary surfaces formed at the discretion of the 
Contractor (rule M2 (c) of Class G). 

(5) Compacting concrete around reinforcement. 

Concrete Ancillaries (Class G) 

Form work 

The rules for the measurement of formwork are contained in G 1 ** 
to G 4 ** and the accompanying rules. Rules M1 and M2 provide 
guidelines to assist in deciding where formwork is measured. For 
instance formwork is to be measured to the surfaces of in situ concrete 
which require temporary support, except where otherwise stated in 
CESMM3. 1 

The principal exceptions are: 

(a) edges of blinding not exceeding 0.2 m wide; 
(b) joints and associated rebates and grooves; 
(c) temporary surfaces formed at the direc~ion of the Contractor, such 

as surfaces of joints between pours; 
(d) surfaces of concrete which are expressly required to be cast 

against excavated surfaces; 
(e) surfaces of concrete which are cast against excavated surfaces 

inclined at an angle less than 45° to the horizontal. 

Formwork to upper surfaces shall be measured to surfaces inclined 
at an angle exceeding 15° to the horizontal and to other upper surfaces 
for which formwork is expressly required (rule M3). 

Rule 01 lists the angles of inclination to the vertical applicable to 
horizontal (85°-90°), sloping (10°-85°), battered (0°-10°) and vertical (0°) 
plane formwork. 

Formwork can be measured by length as a single item where con
crete members or holes in them are of constant cross-section (note at 
bottom of page 43 of CESMM31). Typical examples are walls, columns 
and beams, where the formwork can normally be re-used several times 
without major dismantling. An additional description will identify 
the members by their principal dimensions, mark number or other 
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reference. This is a good approach, since it highlights situations where 
many re-uses of formwork may be possible and enables the Contractor 
to price accordingly. 

Where formwork is to be left in position for design purposes or 
through impossibility of removal, it becomes part of the Permanent 
Works and is to be measured in separately identifiable items (rule A1). 

G1-4 classifies formwork according to the required finish, and it may 
be helpful to the tenderer to define rough and fair surfaces in a 
preamble. Surface features project beyond the surface. The classifica
tion by width in the third division permits a distinction to be made 
between areas of formwork generating differing ratios of labour cost to 
area. All narrow widths, fillets, splays and the like, not exceeding 200 
mm in width, are measured as linear items. The widest category ex
ceeds 1.22 m (full plywood panel width). 

With curved formwork separate items are to be inserted for each 
different radius and each different shape of multi-radius formwork 
(spherical, conical, parabolic, ellipsoidal), desirably stating the loca
tion in each case (rule A4). 

The rules for the measurement of formwork to small and large voids 
are each given in four stages of depth in the third division and the 
maximum diameters of circular voids and areas of other voids are given 
in rule 03. 

The formwork to any void with a cross-sectional area exceeding 0.5 
m2 or diameter exceeding 0.7 m is treated as ordinary formwork (rule 
M4). No deduction is made for the volume of concrete displaced by a 
large or small void [rule M1 (e) class F], even though the quantity can be 
considerable. 

CESMM31 assumes that the tenderer will obtain much of the in
formation needed to estimate the cost of formwork from the drawings, 
since, as described by Barnes5 essential information such as support 
system, pour heights, striking procedure and number of re-uses can
not be described adequately in the bill. Full locational information 
should, however, be given in formwork item descriptions. The treat
ment of fixed and time-related formwork costs as method-related 
charges will assist in the valuation of variations. 

The items of projections and intrusions in the third division are 
defined in rules 04 and OS. 

Reinforcement 

The measurement of reinforcement is detailed in classification G 5 **. 
Separate items are required for different reinforcement materials and 
sizes of the preferred dimensions listed in BS 4449, with bars of a 
diameter of 32 mm or more grouped together. Separate items are not 
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required for tying and supporting reinforcement but the measured 
mass (weight) of steel reinforcement is to include supports to top 
reinforcement (rule C1). 

Bars exceeding 12 m in length before bending are to be given 
separately in multiples of 3m to give the tenderer the opportunity of 
allowing in his rates for the supplier's 'extra' for long bars and 
additional handling and fixing costs (rule A7). Where no length is 
stated in the bill description this signifies 12 m or less, while the 
inclusion of 15 m would indicate bars with lengths exceeding 12 m 
and not exceeding 15 m. 

The descriptions of fabric reinforcement complying with BS 4483 
need only give the fabric reference to BS 4483 or the wire and mesh 
arrangement in accordance with BS 4466, and the tenderer can obtain 
the relevant particulars from the British Standards. Additional fabric in 
laps is not measured (rule M9). 

joints 

Movement joints are subdivided into two classes - those related to 
area (G 6 1-4 *) and those associated with length (G 6 5-7 *), while 
dowels are enumerated (G 6 8 *).The area items include formwork and 
the cost of supplying and fitting the filler materials. Linear items in
clude waterstops and sealed rebates or grooves, and items for water
stops are deemed to include cutting and joining of waterstops and 
provision of special fittings at angles and junctions. Rule 08 dis
tinguishes between 'open surface' joints, which are generally to hori
zontal surfaces requiring no stopend formwork, and 'formed surface' 
joints, which are normally of vertical surfaces with stopends. Joints are 
measured only at locations where joints are expressly required (rule 
M10), and they are all deemed to include formwork (rule C3). 

Joint descriptions shall include full particulars of components such 
as thickness of filler materials and spacing and dimensions of dowel 
bars (rule A11). Rule M11 simplifies measurement by prescribing that 
all joint surface areas and width classifications shall be determined 
from the full width of the concrete member. 

Post-tensioned Prestressing 

Barnes5 describes how the measurement of this work is kept simple on 
the basis that detailed specifications of stressing components and 
procedures are usually supplied and that the profiles and positions of 
stressing tendons can only be shown effectively on the Drawings. Rule 
A12 requires item descriptions to identify separately the different con
crete members to be stressed and to include details of the compo-
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nents. Tenderers will have to build up their prestressing prices from an 
examination of the Drawings and Specification and their assessment of 
the quantities of ancillary work, such as ducts and vent pipes. The 
classification of tendons should be noted and that these are enumer
ated in prescribed stages of length (G 7 1-4 *). 

Concrete Accessories 

Finishes to in situ concrete, other than those resulting from casting 
against formwork, are measured in accordance with classification G8 
1-2*. Items of top surface that are measurable include granolithic and 
similar finishes, stating the materials, thicknesses and surface finish of 
the applied layers (rule A13). The volume of these finishes shall not be 
included in the concrete measured in Class F. 

Long inserts such as steel angles cast into concrete are measured in 
metres, while most other inserts, such as anchor bolts and pipe 
sleeves, are enumerated (G 8 3 1-2). Items for inserts are deemed to 
include their supply unless otherwise stated (rule C7). It is usually left 
to the Contractor to decide whether inserts should be cast or grouted 
in position. The item description should contain sufficient information 
to identify the work and there should be sufficient separate items to 
accommodate significant cost differences. For example, pipes passing 
through walls or slabs should be enumerated in ranges of nominal 
bore. Rule A15 distinguishes between inserts which project from one 
surface of the concrete, those which project from two surfaces of the 
concrete, and those which are totally within the concrete. 

Precast Concrete (Class H) 

The majority of precast concrete components are enumerated with the 
descriptions giving the position in the Works, specification of concrete 
and the mark or type number (rules A1 and A2). The tenderer will 
obtain the remainder of the information from the Drawings and Speci
fication. The cost of the larger special components is influenced con
siderably by shape and size and the number required of each type; this 
information is given most effectively on drawings. Rule A2 prescribes 
that units (components) with different dimensions shall be given diffe
rent mark or type numbers. 

Hence rule A2 overrides the ranged classifications of length, area 
and mass listed in the second and third divisions of the classification 
table. Furthermore, paragraph 5.14 permits the use of specific dimen
sions in place of ranged dimensions in an item containing components 
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with the same dimensions. The descriptions of the different precast 
concrete components (units) are built up in the following manner. 

Principal 
Dimen-

sions Cross-
Precast Concrete Mark of Cross- sectional Average 

Unit Number section Area Thickness Area Length Mass 

Beams and 
columns j j j j 

Slabs j j j j 
Segmental units 

and units for 
subways, 
culverts and 
ducts j j j 

Copings, sills 
and weir 
blocks j j j j 

Barnes5 suggests that main mark numbers be used to distinguish 
different mould shapes, such as 51 and 52, with subdivisions of these 
to cover minor variations affecting length, positioning of holes or 
reinforcing details, such as 51/a and 51/b. 

Rule 03 requires major concrete components cast adjacent to their 
final positions, such as railway bridge decks, to be measured as in situ 
concrete. However, large precast concrete bridge beams cast along
side the bridge and subsequently placed over each span are measured 
as precast units, since they involve the multiple use of formwork and 
the casting of the beams other than in their final position (rule 02). 

Worked Examples 

Worked examples follow covering the measurement of a mass con
crete retaining wall, reinforced concrete pumping chamber and pre
stressed concrete beams. 
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as plfJScribed i.vt Claoo f It 
seems fo~icaL to take C1llcubic 
provision ilems first foUowPd 
by ire pfactYlg ilems i¥1 ffleir 
various caiEt]ories. Afierrraiivellj 
-!he adtvdim could ~ takevr 
simuLta+1eous~ wifi1 each set 
of dime+tSions ~o avoid 
dUfJ lication. 

Eartrwks. 
Eartrwks. 
Eartrwks. 
Eartrwks. 
Eartrwks. 
Eartrwks. 

Eartrwks. Eartrwks. 

Eartrwks. Eartrwks. 
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Provsn. of cone. a.b. F223 

0·90 Add diJj;_o. ~lattt fdrl Naie meillod of buildi~g up ihe 
0·90 it. girth of ifre chamber wa.JJ, 
0·00 ~-?00 meaaurro on iJo cetrfm Une, by 

100 
4-'2?0 ta~W!g lfle, WrternaL perim&er 

\1-60 Lwr. ood ddd1ng 1fle ihichreffO of ihe 
O·oO 2-SOO waJJ., for earn corner 
4·25 Q aJJ 2·400 

W B 2/5.'200 
10400 The order of measure me~ 

o-40 add comers4f3:Jo I '200 foUowe a ~icalsequeNice-
B·OO 11600 fk1e order wmJiruction on-tm 
0·18 (wver slab 6ile- txJee, wa.Us aN1d cover 

slab. 
\·20 Ddt. d.iito. 
1·20 Deductiovr of concrete iB made 
0·\6 for -/VIe ~trrgs rte th~ excefd 

lf!e area of /large voids as 
0·90 defined WI rule DB of class G. 

0 60 
0·18 (wt€r opg~. 

Ploeg. of cone. 
Qemforced 

2·00 Bosee and yroUVld slahs, Ba3ee are mrosurro ivr cubic 
2-4D .f.hkrneoo :ex. 500 mm. metree, distinguishing belwe£n 
0·68 f624- diffe~VJt dasOOJ of wrrcrete 

( rnaes, reinforced (11.1d presfrretlrj) 
cH'ld separctfirtg urio -file -lluc±n~ 

1·66 Dd± dJJk (area ard rottqes Ustm WI fJJe iJUrd 
1·20 pletwt fdn. d1vleion. 
0·2."0 

It 15 daJmed desirable to l1ep 
0·90 &m!XM plaW: txJse, lfre covrcrete W1 -fJ1e p!aul ba~ 
0·90 -Micb1ere: 150- '300 rnm. 6eparate from !fie remamder 
O·BO F622 bftcw.se of i1s smctil volume. 
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Plac~. of COI10. 
Q~nfcd. a.b. 

11·60 Walle, 7.Wclneee: 
0·30 160 - -ooo wrm. 
4·25 1=642 --

~·40 vusp. slab TM.id11€9'0 : 
o·OO 150- ooomm. 
0·18 F632 -

1·20 Qtfi. dilk. 
1·20 

o·1e -

0·90 
(cover 
opg&. 

0·60 

0·16 -
Conc. ooci Uarie8 
fWt fair fin: 2/1·600 3·300 

1·200 
4500 

4·50 Vert widftr : 
0·23 0·2- 0·4m. (sump 

4{ 
0·90 ~~a~fdn. 
O·BO 6243 --

CoV~CJ. Accessoriffi 

2·90 Fmishg. of top surfs., steeL 
2.40 troWfl. G812 

4-·50 FWii1;!formro 6Utis., 
0·'20 5teeL . --

G8'2B 
o·GO 

O·oO 
4.o 

116 

kAMBER. (Covttd.) 

7he wallv are BOO m 
(Jfld oo faJJ wifflin -lhe 
ranrp of tfJO- '000 m 

A Lt suspe¥rdro ~abs a 
meaaum:i tVI cuhic m 

Same drouctr1Yr1a for 
Cl9 befom., as dare not 

ope11mge 
faJJ. wi/ilin 
$Wl h W!cillsion provisfOn 

rt$ M 1 of dass F. 

formwork providing fi 

fuir fi l'tieV!re rnuel- be 
dAsti4uish«i and .fire 
claooi ro W1 acmrdance-

plane
wifh The. 

950 
aitetwi 1 

second. divt6ion of era 
(h«izorrlaL, slo~, b 
vertical and cu ) . 
W id:IJ1s rrot exceediwJ 
are mro8Lired 116 linro.r · 

100mm 
iJ.em5 and 

metres. grroter widh tiT tK{tXJre 

To obtain smooth finis hto 
covr.crete baoo. 

To vertical swfucee to sump 
and plati base. 

m m 
m m 

m 

cu 

5teeL 

providing providing 

claooi 



12·60 

4·03 

12·00 

0·23 

11·60 

0·00 

2·00 
2·40 

C~NCR.ETE. PUtv\Pl NG CH!M BER (Contd.) 

Corr.. at1ciUariee Note bwld up of exfernat ~rlh 
fwt.ro. fin. of pumping station. 

11·600 _J 
rxld. A/wo 1-200 A~ernettively, ~ ut.erna~ 

12-soo dimevteions of -1m chamber 
lees pt 4·200 could be takevt : o·400 
Ofifve g.L. 22s ~-ooo 

4·025 2/6../rOO 

(ert. face 
of- waJJs 

GI4!J 

Fr.ut fair fin. 

V€rfical. wid-IJJ (eti. face 
0· '2 - 0·4- m. of waUs 

G243 
3-500 

15 
o.(;jlfJ 

11-600 
Less comers t·200 

10·400 

(!Ml.fare 
of wails 

VerticaL 

G246 

UJI'lC. QCCefJSOriffi 

f!Wshq. of top sk>pg. surfo., 
steeL fior.ud. 

Cone. A11ci U~riee 
fwk. fair fin. 

Horizontal-

4.4 
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GS12 

G215 

l'2·e<X> 

Urw~ecessary to date wtdlfl as 
~ exceeds 1·22 m [rule 02 of 
class G). 

Tak~g sd face of crflcrd:e to 
1fJ mm below ground level to 
aJlow for a«y trregu.larities in 

-/fre fimsh«i qroui1d surface. 
1he formwor~ to-/fle~ofh 
rover slab are tak£vrltiter. 

Wroua~t foTlYiwork to irrternaL 
facre of waUe. 

SIDping tnp surfaces to edges 
of rover slab. CE5MMo (class G) 
does not req~re the incl.usioVl of 
-/he wortl'siDptng~ bul. ctiditionaL 
information mWJ be given ivl 
accordance witJ1 5 ·13 where 
advisable. 

formwork tn uvrderaide of 
cover slab. 

(Contd.) (Contd.) (Contd.) (Contd.) (Contd.) (Contd.) 

VerticaL 

11·60 
11·60 



12.E It ~FOR.CEIO CbNCQETE PUMPING Cl- ~M BE t2 {Contd.l 

Corw:,. anci Uaries ( corrid) 

1·20 M rii&J. fvrmwort tn tmdersicJe of 
1·20 G215 ofJMings drouct«i as 1J?~ 

0·90 (rover exceed fVre r.arye void arros 

0·60 
opcp. pre.scritro in rule Do of 

dass G. 
1·200 900 
1·200 

2/2-400 
GOO 

2/i.fiJO 
4-'i300 .3000 

4·50 Vert. widfh: (sides of Linear ilems of fOrm work as 
O·l - 0·'2 m. OfXJ6. not €Xeffl1ing 200 mm wide. 

8·00 6242 

The cover sinh would re 
\'2.00 Ditto. (=sfab constructed later firflfl fhe 

wa11s, after fYe plavrt ha& been 
G2A2 ifi/Jtailftl- hev~ce 1m mro for a 

Ccnc. accesrories separate 1?0 mm tJ!rip of 
Inaerf6 0011work to h roee cf ffre Wier 

slab. 
I 100 mm dia. c.i. pipe pr~. Ifg,ns for Wlserts shctU be w.v.m 

from 0r1e su.rf. 6 s ~2 to Wlcl.ude hir supp~ unli!9s 
o!Nrerwise sfated (rule q of class 

Corrc. anci Uaries 
G). 

Qeinforcement 40 mm cover hae ~vr d11011Jf.d 
0·+00 3·000 to the fabric reinforceme«t fu 

tere1f40 ~ ~ ail edges WI base slab. 3·~20 2·<720 
Laps are not moosured (rule 

3·32 H~h teld steeL fabric tn M9 of e-laas G). 
2·92 f3 44 31 nomittaL mass !rem deocriphonB for rugh 

'2-3kg{m~ m. Al42. yield steel fabric to 00 ~3 

G%2 shaft sluie the appropriate 
reference (rule A9 of dass G) 
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M.S. bo.re to IOS4M2 
123 12.4 

34 31 
les5 bors ~ cOVf[ 4- 1 
- Sla 30 ~0 

o/J.f 
:3·4-5 Diam. 1'2 miYl (12.1 Check the bar bewling DCheduJ.e 

\'2.0/ 
(!22 

agrunet the Oruwi:J; before 
2·130 extracting h~ua · irefrttl'l il. 

30/ 
(12.3 

If 110 sm{l(}ule is SUfPU«i, it 
3·30 wW. usualliJ be Yfllce66ary to 

?JO/ 
prepare one. 

2·90 G5\4 (124 40 mm cover i6 providro to the 
relrrforce.menk liN1WeS oiflffU!iBe 

(wa119 specifi ro ood -!he Yl.()mta{, 

ai..WUJC1+1ce for hcohl1 fflliB irJ an 

4/ 
addltion of 12tit11f5 ilre diarnf'ier 

.3-oo Diam . 12 mm (rz3 of ille bar for ead1 h.QJh:d G'ld 

7/ (Q4 
1he totaL l¥ of bar will be 

2·90 wflghtro up and bt Uffi U1 torrnes. 

4/ 
veparale items are not ffi.1Ui nu 

1-40 (!2.~ for supporting remforreme«t 

8( 
(ruJe Cl of ooss G). 

l 10 (!2.6 eu~ exceroifrg 12 If{ if11~ 

tO/ (121 
are given separal:~ U1 smsrs 

0·30 of 8 m (rule A7 af class G). 

Bj O·bO G514- (tz'O 

(wver alab 
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D\2.EpTl2.E'05~D CONC!LETE BEAM'S (40 N 

(Sil -made lorecas uaet- tevre iomd) 

PQECAST CONC. 

Des£ned W~Ax for cone. 
gra e. c 4-0 as G~ecfn. 
clause. - 6ridge Deck 

40 Prestrermed post- t€¥rsiomd 
be.ame I S(lcin. 
600 x 900 mm ~e¥rg-/J1: 
16m, mae&: V2t.,mark AI; 
preflfree&g. as Drawing Nr. 6 

and Spedrl dauees -
Ho57 
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EXI\MPLE V 

PrestresG-ed prec.aet pre- /lAI1cl 
bem«6 are po~- ffi'lswned 

erwm€rat-ed, sta:tW!g 
IJNid mass m11~ea 

ltre leM[Jfl'l 
lV1 accorda«ce. 
d1VUrd wi IJilfle second avr 

division clossificati ons W1 Clase 
-/he a ctvaJ. 
eacflbrom 
tlm6affi 

H. Irr titUs example 

W~tJ: 11N1d mass of 
10 ai:ro as oJ1, 40 be 
id~icaL. 

001er parhcuJare tdrich n e.ed 
i¥r lfte i.tim to be W1wrporated 

description ore: 
( 1) pas·iJ.ion W1 tile works 

(ruLe AI) 

l2) spedficaJ:ion 

( 3) particulars of p 

of CJJ11arte 

(rule Al) 
~m-rPSGing 
(rule A3) 
pe (4) crass spctfon ~ 
(ruLe- M-) 

(5) privrc.ipaL dim 

(G) mark or~pe 

1MSiDY1G 
(rule M) 
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~ule A2) 

This approacn 11€Ja! eeitaies 
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porr«1ts 
1¥ra4'1 iv1 
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CJMd posmoi1G 

be cJa66ed as pr(IC{l9f-
(rule, 02). 7he prafilee 
of sfreeeing tencbrrs 
rmwrr efffifivelij on 

Ulfl onLy ~ 
h Clawm[f. 
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8 Measurement of Brickwork, 
Blockwork, Masonry, Painting, 
Waterproofing and Simple 
Building Works incidental to 
Civil Engineering Works 

This chapter covers several work sections from wall claddings to paint
ing and waterproofing, with some common measurement principles 
running through them. 

Brickwork, Blockwork and Masonry (Class U) 

The CESMM31 rules for the measurement of brickwork, blockwork and 
masonry have to cover widely differing situations, ranging from wall 
cladding to small buildings, provided incidental to larger civil en
gineering works, to massive masonry bridge abutments, breakwaters 
and dock walls. Hence the second division classifications for brickwork 
range from half-brick walls to mass brickwork exceeding 1 m in thick
ness. Isolated walls having a length on plan not exceeding four times 
their thickness shall be classed as piers (rule 02 of Class U). 

Similar approaches occur in the three categories of work with the 
measurement of walling, columns and piers, surface features and 
ancillaries. The materials have to be adequately described including 
the dimensions and types of the bricks, blocks or stones, and the type 
of bond, mortar, jointing and pointing (rules A1 and A3). 

The actual thickness of brickwork or blockwork not exceeding 1 m 
thick shall be stated in the item description and the area is measured in 
m2 (rule AS). Thicker walls are measured in m3 with the thickness 
stated. No deductions shall be made for holes or openings with a 
cross-sectional area not exceeding 0.25 m2 (rule M2). 

122 
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With walls of cavity or composite construction, each of the two skins 
shall be measured separately and suitably identified (rules M1 and A4). 
Wall ties across cavities and tying brickwork or blockwork to concrete, 
and concrete infills to cavities are each measured separately in m2 (U18 
5-6). The composite wall rules will also apply to brick walls built mainly 
of common bricks with facing bricks on the external face, and each will 
need to be measured separately with the average thickness stated. The 
third division classifies the work according to its general form such as 
vertical straight walls, vertical curved walls, battered straight walls, 
battered curved walls, vertical facing to concrete, battered facing to 
concrete and casing to metal sections. 

Surface features such as rebates and band courses are measured as 
linear items with no additions to or deductions made from the main 
brickwork quantities (rules M2 and 03). The cross-sectional dimen
sions of surface features are included only where they exceed 0.05 m2 

(rule A7). Item descriptions for surface features shall include sufficient 
particulars to identify special masonry and special or cut bricks and 
blocks, and to enable the estimator to calculate a realistic price for the 
work (rule A6). Sills and copings are measured as separate linear items 
and the areas and volumes of brickwork occupied by these features 
shall be excluded (rule M2). Fair facing is measured in m2 regardless of 
the materials used to pick up the extra cost of working to a fair face, 
except for masonry where it is deemed to be included (rule C1 of Class 
U), although it would be much simpler to include the facework in the 
item description of the wall in all cases. 

Item descriptions of damp-proof courses and joint reinforcement 
must include the materials and dimensions (rule A8). Building in of 
pipes and ducts are enumerated in two size ranges: the smallest 
covering pipes and ducts with a cross-sectional area not exceeding 0.05 
m2 and the largest exceeding 0.05 m2 , stating the lengths in the descrip
tions where they exceed 1 m (rule A10). 

Painting (Class V) 

Painting carried out prior to delivery of components to the site is 
deemed to have been included in the items for the supply of the 
components, except off site treatment of structural metalwork in Class 
M. Item descriptions for painting shall include the materials and either 
the number of coats or the film thickness (rule A1 of Class V). Any work 
in preparing surfaces for painting is deemed to be included in the 
painting prices without need for special mention (rule C1). 

The first division classifies the type of paint, the second division the 
type of surface and the third division different inclinations, restricted 
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widths and isolated areas. Widths, not exceeding 1 m, are measured in 
two linear categories without distinguishing between different inclina
tions (rule M2). The enumerated isolated group provision can be ap
plied only where the total surface area of each group does not exceed 
6m2 , and shall identify the work and state its location (rules 01 and 
A3). A typical example would be a coat of arms on wrought iron en
trance gates. 

No deductions are made for holes and openings in painted surfaces 
each not exceeding 0.5 m2 in area (rule M1). In computing the painted 
area of metal sections, no allowance is made for connecting plates, 
brackets, rivets, bolts, nuts and the like (rule M4). The area of painted 
pipework surfaces is obtained by multiplying the pipe length by the 
barrel girth without deduction of flanges, valves and fittings; no addi
tional allowances are made for the latter (rule C3) and the tenderer will 
need to cover these in his prices. 

It will be noted that lower surfaces inclined at an angle not exceed
ing 60° to the horizontal are combined with soffit surfaces and that 
upper surfaces are subdivided into two categories. With types of sur
face, rough concrete is distinguished from smooth concrete because 
of the differences in labour and material requirements and resultant 
costs. 

Waterproofing (Class W) 

The rules for the measurement of waterproofing are similar to those 
for painting with comparable surface inclinations (excluding soffits but 
including curved and domed surfaces), restricted widths and isolated 
areas. Damp-proofing, tanking and roofing are each kept separate and 
item descriptions must include the material (classified in accordance 
with the second division) and the number and thickness of coatings or 
layers (rule A1 of Class W). Separate items are not required for prepara
tion of surfaces, joints, overlaps, mitres, angles, fillets and built-up 
edges or for laying to falls and cambers (rule C1). 

There is a similar deduction limit of 0.5 m2 for holes or openings and 
of 6 m2 for isolated groups of surfaces, as for painting. The classifica
tions of curved or domed surfaces apply only where the radius of 
curvature is less than 10m (rule 01). 

Simple Building Works Incidental to Civil Engineering Works (Class Z) 

Class Z of CESMM3 encompasses carpentry and joinery, insulation, 
windows, doors and glazing, surface finishes, linings and partitions, 
piped building services, ducted building services, and cabled building 
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services. This is an entirely new section of CESMM3 and is intended to 
deal with simple building works which are incidental to civil engineer
ing works, such as the pumphouse illustrated in example 1X. Work 
covered by classes contained elsewhere in CESMM3, such as drainage, 
metalwork, brickwork, blockwork and masonry, painting, asphalt 
work, and roof cladding and coverings, will be measured in accord
ance with the procedures prescribed in the other classes. More soph
isticated building work is better measured in accordance with the 
Standard Method of Measurement of Building Works (SMM7).8 

Carpentry and joinery 

Structural and carcassing timber is classified according to its location in 
the building, such as floors, walls and partitions, flat roofs, pitched 
roofs, plates and bearers and the like (Z 11 *),and measured in metres. 
Strip and sheet boarding are measured in m2 , stairs and walkways, and 
units and fittings enumerated and miscellaneous joinery, such as skirt
ings, architraves, trims and shelves separately measured as linear 
items. 

When measuring lengths and areas for carpentry and joinery items, 
no allowance is made for joints or laps (rule M1 of Class Z), and no 
deduction for holes and openings each not exceeding 0.5 m2 in area 
(rule M2). Sizes in item descriptions shall be nominal sizes unless 
otherwise stated (rule 01), while item descriptions shall state the 
materials used and identify whether sawn or wrought and any treat
ment, selection or protection for subsequent treatment (rule A1). 

The item descriptions of most structural and carcassing timbers shall 
state the gross cross-sectional dimensions (rule A4), while those for 
stairs and walkways, and units and fittings, shall identify the shape, size 
and limits (rule A6). 

Insulation 

Insulation is classified according to type and location and measured in 
m2 as Z 2 1-4 1-4, stating the materials and the overall nominal thick
ness (rule A7). 

Windows, Doors and Glazing 

Windows and doors are enumerated and classified according to the 
material and type of component as Z 3 1-3 1-6, which distinguishes 
between windows and window sub-frames and doors and frames or 
lining sets. Item descriptions for windows, doors and glazing shall 
indentify the shape, size and limits of the work (rule A8), and are 
deemed to include fixing, supply of fixing components and drilling or 
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cutting of associated work (rule C2). Items of ironmongery are separ
ately enumerated and described. Glazing is measured in m2 with the 
item descriptions identifying the materials, nominal thicknesses, 
method of glazing and securing the glass (rule A10), while hermetically 
sealed units are separately itemised (rule A11). Patent glazing is mea
sured in m2 and classified as to roofs, opening lights or vertical sur
faces. 

Surface Finishes, Linings and Partitions 

The principal finishes are classified as in situ finishes, beds and back
ing; tiles; flexible sheet coverings; and dry partitions and linings as Z 4 
1-4 * with separate items for floors, sloping upper surfaces, walls and 
soffits, all measured in m2 , except surfaces with a width not exceeding 
1 m, which are measured in metres in two separate width classifica
tions (not exceeding 300 mm and 300 mm-1 m). Suspended ceilings are 
measured in m2 in three depth of suspension ranges, as amplified by 
rule A21, while bulkheads are taken in metres and access panels and 
fittings enumerated. Proprietary system partitions are taken as linear 
items and classified as solid, fully glazed and partially glazed, with door 
units enumerated (Z 4 7 1-4). 

Items for surface finishes, linings and partitions are deemed to 
include fixing, supply of fixing components and drilling or cutting of 
associated work (rule C3), and also preparing surfaces, forming joints, 
mitres, angles, fillets, built-up edges and laying to cambers or falls 
(rule C4), while suspended ceilings include associated primary support 
systems and edge trims (rule C6). The materials, surface finish and 
finished thickness shall be included in item descriptions (rule A17). 

Piped Building Services 

Pipework and insulation are each measured separately in metres, while 
fittings, equipment and sanitary appliances and fittings are each 
enumerated (Z 5 **). Lengths of pipes are measured along their centre 
lines and include the lengths occupied by fittings (rule M6). Items for 
piped services are deemed to include fixing, supply of fixing compo
nents and commissioning (rules C7 and C8). Item descriptions shall 
include details of location or type (rule A22), and pipework descrip
tions shall give materials, joint types and nominal bores (rule A23). 

Ducted Building Services 

The linear items of ductwork distinguish between circular and rec
tangular ductwork and between straight and curved ducts, with fittings 
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and equipment enumerated and classified as Z 6 **. Item descriptions 
shall include locational and other details as rules A26, A27 and A28. 

Cabled Building Services 

Cables, conduits, trunking, trays, earthing and bonding are measured 
in metres, with their associated fittings enumerated, with the cables 
classified according to their positioning as Z 7 1 1-5. Guidance on 
measuring the lengths of the various components is provided in rules 
M8, M9 and M10. Final circuits and equipment and fittings (box fittings 
in the case of conduits) are enumerated and classified as Z 7 7--8 *. 

Items for cabled building services are deemed to include determin
ing circuits, terminations and connections, providing draw wires and 
draw cables, cleaning trunking, ducts and trays and threading cables 
through sleeves; fixing and supply of fixing components; and commis
sioning; while items for conduits are deemed to include fittings other 
than box fittings (rules C11, C12, C13 and C14). Item descriptions shall 
include locational and other details as rules A29, A30 and A31. 

Worked Examples 

Worked examples follow covering the measurement of a tall brick 
chimney shaft, a deep brick manhole, a stone-faced sea wall and a 
pumphouse, and embrace other work sections apart from brickwork, 
blockwork and masonry. 
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Bl2lCICv\ bi2.K 

2i/ 6·95 
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098 --

~I 6 95 
I 45 
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11 o·9S -

CkiMNEY SHAFT 

(brickwork onliJ measunrl) 

LOCI::W012.K & MA50NR'/ 

En~. bwt iVl cJags f3 
SoUiJJW'.11£r 12.ede io 
85 3921 W1 Eng. bond; 
to ch!J. shaft. 

Ftgs. 

-b:p cos. offtgs. 1 505 
botirirvr cos. af ft96. 8 010 

2)4515 
~v 1J1icb1ess 2 258 -

d. diam 5 ?OO 
21if2jliJ(J)l T.hidmss 1 . 4-53 
2f1j 14<:!?>(6'125) 

tV!fiW d.ia.m. 6 953 --

Vert. WNfd wail, av 
ihick:ness: 2 2stl m. iN1 c.m. 

U?JS2.l 

3 000 
less top of ffgs 
fo fdVI~ lwei 9lS 

2 02S --

VeJt. curved wail. norn 
l;hicbless: !4-S3m) 1.0 em 

U3~.2. 

lup to dpc 

Bt!Jk anvtUanes 

0CM1'1p -proof course: 
2 ere of slate!:~ W7 c m. 
1-aid ~r to cttrve, width: 
!4Som. 

U3e2 

6.1 
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£'XAN\PLE VI 

aasrs u. heaainq 
Cowtmet1ee btJ rmasurmq af ltf 
ooae Clt'lcX fflevt work progfiiS5Nfiy 
up h chimney shaft. ·· 
The !?Jcatrses offrotitlgs are 
aueraged !k1 widT¥1 and mrosurfd WI 
m~ as h. frnch!PSS excefds I m. 
AU- lfle prelirniYiliry calculaiions 
are enteTPd i¥1 'waste. It i o 
nec15sary to staie /he trOH«mL 
-lhidmBs of h waJJ. (wle AS). 7he 
waiJ thicbless of 6f2B cro-rprises 
6::< 225 [brick: l.eNtgitl + rommjcmt) 
+ 102·S(~B) = 1452·5. 
It t6 Wlli?ecessary to state filat 
fjtjs bricrworl:: 1s ivlfootings. 
The ~pe of brief. mum 00 statro 
r1N1d (jjoo !fre fonn of comtrudlon. 
Thedlameter wd hetghtof h stack 
are not staifd i¥1 ifle Ltem 
description os CESMM3 assumes 
i¥1at te¥tcttws wiiJ be Guppuffi wifh 
fu!Jy :::Umeneiont'd drawitlgs. 
The briciLwor~ belnw doc wlli be, 
WI cwrm( ~Wrtar umiltittuU: atove 
tnalj be ivr lime rtwrtllr to g1ve 
f!exibi~ ~ tflfSe must be~ert 
5epo.raie The chatrje, WI walL 
-/md:ness ~worJro a. change in 
suff1xio ~code reference. 

Damp- proof courses are 
measurrcA ae Unear ~emB 
wilfl a fu.U. description (rule 
A'O of class U). 

LOCI::W012.K 



il\ L e,12. CK CHIMNEY 'OHAf.T Covttd) 
above d!Zf The cnrM'lge tk1 wuriur imolves a 

~I 6·95 Vert. curved waLt, vwm. 
further change- ivl suffix iNt h 
code rmr-evrce. 

1·46 fb!Acknes5 : 1·4Som, WI L.m. 
The ooght ~e is 8iVevl u{woote' IIHO U?J52.3 
for idf'!ltifi ion pu~. 

(o- 1em above g.~. 
Measurern~ of /he fM~ineerit~g 
brrctwor~ covrtinuffi up e ch-imney 

il'lt. diom. S·SOO shaft, ~rovin9 the fa.ir fam on fJ1e 
add 2{1tz/1·003(4Y2B) 1·003 exterior to be t(Ji(evr Wier. 

mean diam. 6·603 

~I 6·SO Vert. curved waU,tWm. This o€d:ion of briclt.VJOr~ doee 
9·00 tfUclmess: 1·003 m, if! t.m. not exceed 1m WI tNr.icJmees uile¥i 

U342.1 roU¥Ickd oFf. 1he f'lDminaL 
Utickness haa to oo sW:ro W! 

(te- 27m arove g.L. 
accordcwre wrtil rule. AB. 
!he thicbwss af#zB consiw of 

me(l¥1 tMt. cii~m. 4-x225+1D2·.5 = I002·Srnm,atd 

at oi·S m 5·602 the 4-B waiL i6 ox 225-t-215 =-

add 2/'h/690 (4B) 890 890mm. 
mecw diom. 6·492 

~I 8aiterFd wrvtd wa.U, 
ffowr til1i8 staff onwards the 

6.49 brickwork rs bfili.t baiiering ani 
:roo 110m. fJUc~ness : B90 mm, litis mu61: be Flatro W1 h Uem 

WI t.m. U~.l d{)Scriphon as it ·wrvolvPS further 
additional expevree, ood as 

(21- 3{1 rn afuve gJ. pr(J5C[ibfd 1¥1 !he third divieion. 
1l7e '0112 f7 wdll -lhiclmls is mcxie 

m00+1 itli. diam. ?·602 up of Bx 225+ 10'2·5 ==- 777-Smm. 
add 2/'f.z/116 (o'llB) 776 

meat~ diawt. 6·$J 
The suffix to -lfte axle I'Wmber 

2~/ 6.Qa Battered curvfd wli.ll, ~m. cnrvAges fxw.uG£ of t¥te differmt 
9·00 -IJticl.mss: TI6 mm, W1 L.m. oocfmoo of waAl. 

U844.2. 

(?16- 4~ m arove g.L. The oB wau -/Yrich?ees amsists 
of 2 X 2'2S + '21~, to W!corporate. 

meaM ~.diam. 5·602 fukJ Wrternal to mm mortar Joints, 
add 2/ifl/665 (3B) wo arrd wrals 660 mm. 

mean liiam. 6. 261 

6.2 
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"TAL L 5t2. CK. 

2~/ 6·'2.7 
C].oo 

~I 6·16 

9-00 

\2/ 6-04-
9·00 

~I ':1·9?> 
9-00 

CHI MNE.Y 5H A 'FT 

~aittred. curved walL, t10m. 
fkid:tress: 6fh mm, t¥1 L.m. 

u?M.o 

~~- 54 m ab:lve g.L. 

meaw ·mt.diam. 5·60'2 
add z{V'l.f %o (zV'l.e,) ':h3 

mron d.iam. 6·tff.> 

B a.tterm wrwd wal);, 
nom. il1icl:nees: 5?-omm, 
WI ~.m. 

UB44·4-

(54-- flo m above, g.L. 

ttteaN~ Wt.t. diam. 5·602 
add 2/rfl/440 (2B) 440 

melWl d.iowr. 6·042 

13aJJ~d cwwd wa1l, nom. 
f.Wrk:ltlres: 440 mm, WI L.m. 

U~34.1 

(63- nm alXJVe g.L. 

mecw~ i+t.t. diam. 5-602 
add 2/Vl/ me (1n B) ;329 

meaM dia. 5·900 

B~ w.rwd wctU, vwm. 
tluck.YwB& : 326 mm, WI t,m. 

U304.2 

(1'2- el m above sJ. 

G. ?I 
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(Covrtd.) 

AIL pretimiVtary calwla:.tiom 
showd be recorded WI 'iwete' to 
show 111e origik's of dimevrsions 
(Jfld to pemut chfd:ing. 

The ffuciLI'Tess of fNJe 2112'0 wall 
!6 made upaf 2J( 22S+ICY2-S = 

S?Q-5 WIW1 

Thich!ess of 2B willA 
wrnprfam '22S+215 =-440rnm. 
The iWc~ of walL now 
drops bWw 500 mm CWJd eo 

-it'!tre i6 a d1CWJge to ihe axle 
refmk!ce. 

Continue wiitl maBe wKmeering 
brickwork. to top aF sha , 
rg nori ng for the momeui: file 
projeW!g battdo. 

The f.W cmeoo of -/.he t'h £? waJJ., 
mnsists af'Z25+10'2·5='m·fmm. 
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Surface. feafureG The detail«:i r~uiremevlis of 
frlir facing etlg. bwk. fair faci11g will. oo obtained from 

ivlt. diom. S·SOO 
lfre Spectfr ca:lion /he, arm i.s 

add 2 x wdJJ -IWctn~ meaeum:i on h e.rlemaL surfore 
:: 2/1·4-??J 2·906 of tV1e shaft If facing bricks were 
etf. diam. 9·406 spectflro, ii tmuJd. be rncessary fu 

~to d~ droud -tne wgirreen·Vlg brid:work. 

below gJ 1s 
for h vo/.urne ocatpiro lxj lfle 

gl.to dpc ~ foe in~ briers (average 3/4.brlck. 
'2'25 it!Acl( r EngUeh bond). 

It is advi.scilie to wmmence. 

~I 13·41 Fa.ir facg.;m c.m. fair face 75 mm below grou't1d 
0·'2?; U37f3 I level io aliow for ptASSible 

i.mguAaritiru ivr ~e fi»ished 
~rJKld surface. 

2~ I B-41 Fair fa e.g; Wil. wr U379 2 e 'Ujpe af mortar wUJ d1cmge. 
19·00 (o- 18m above gJ rt grou't1d i,evel, wrvolving tV!euse 

5500 of suffixes iNJ -tfle crxie rwmbers. 
add2fi·DO?J 2 006 As -lhese dimensio11e aU relate 
- VS06 tv h same bUJ. item.~ am 

2;/ 7-51 all be brachfl.eci togwer atrd 
9·00 (IS-27m at:ove g.L 50 elimiv!(;ie lie rreea to be 

5·00'2 conti rr ua tlJj re{Jflatwg the 
odd 1/'090 I· ISO drecripf1on 

(.'382 The waste dimeMslovre are also 

2;1 7-36 abbrevroied b~ omitting !he 
9·00 (27- 30m atxwe g L repetrtJve dESuiptive fiates. 

5602 
add 2f7re I· SSG me a~uetme~ forme 

1158 
cha~Wig wail iVIic~nees aw1 

~I 7-16 be t e11 from -fhe waBte 
9·00 (36- 45 m arove g.L ditmnsfons for -IJ1e mam 

S·602 bnckwork.. 
add 2/665 I· wa 

6·93'2 

2~/ 6·93 

9·00 (45-54-m aoove gJ. 

6.4 
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1AL L el2. CK C.HIMNE.Y 5HAFT (covrtcn 
5·60'2 C'Mti~ ue wiftl f~ir faciYJg add_2/e>So \·106 
6·108 dil't1ek16iOYIS to top of sntift. 

2~/ 6·1l FC~ir facg. WI ~.m. U?J?B.2 
N~t proceed fJJ rn~asure 1fre 
fine projed:i ng baY!d6 af .fYJe top 

9·00 (64- G2lm o.bove g.L. of iVte shaft. 
5·602. No adjuBtmeVlf ~ mode to-IIIJe, 

add 2/MO seo ma.ivt brick:work for #Jooe. 

~I 
6·4~'2 pr~tcling f~aturro (ruJe M2). 

6·4S 
9·00 (6'0 - 1'2wt aoove g.L. 11- ie not- mcessaJ to inclJx;ie 

file crooo-sediovr area W!-lne 
5·60'2 descriptions of -!hf5e ·rJems as 

add'2/o?.e 656 
6·2Be ~ do WJt me«J. 0·051'11 2 

2~1 6·26 
( e A7). 

9·00 ll2- ~I WI above g.L. 
0·'2.B8 

add 'l{ffo __!_!Q 

~h/3j 
6·?16B 

6·ol PU~ bks; p.c.i.5'2 per too PU11t¥r brick. ·tlfms must W!c!Jxf£ 
WI curved ba11ds. U~TI suffide/At W1forn~aii0t1 for 

(110 - 51 m above gJ (devrtificaiion (rule- A6). 

6·'2.f7S 
add 2{ 110 220 - --

6.4-18 

'!l:r/3, 
6·4e Booci cour6'ea ; 2 (f)S. IU. Alternakiv~, U1ese iJuee 

OYl wrve, wtrxl,. proJ. of proJed:W\0 . M1t> rvli9hi po$tb~ 
110 mm. U314·1 be combmed rn a smgle ilem. 

1a - e1 Vl1 aixJve gl 
In praci(ce .iJ1eee meaeureme~ 6·'200 

add 2/flb __JJQ_ would be foUoum by ine 
?J! 6·o6S adju6fm€vli of brickwork for-f.te 
7 3 

I 6·ol 81U1d courses ; o asJg· cos. W!sp€ciiOYI platform, buildwg .i¥1 

Ot'l c.tANB, total; prQj. Of of fwe 1Jt1d mt pipe9, r€1nforcm 
110 mm. ua?4·2 ss band5lW!d 1ffl Uke. 

(1'0 - 81 m above g.L. 

6.S 
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DEEP BRICK 
DRAWING NO. 8 

special class 'B' cast 
diminishing pipe and 
bend 
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iron •.· .·~ 
·.• 

MANHOLE 
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.. ' . 
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cIa y pipe -------J..---.-.:~1 

class 'B' engineering 
bricks lc:id in English 
bond in cement mortar 
(1 : J) 
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NOTE 

150 215 

+ + + 

~ indicates direction of flaw 

p L A 

-~~1---JII:.,.J. manhola cover 
(550 dia.) 

+-~1-3"'---4-ac c us sha fl 
opening 

r-11-3"'---4- 25m m d i a. 
safety bar 

2·500 

N 

SCALE 1: 50 
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DEEP BRICK 
DRAWING NO. 9 

step irons at 
300 mm centres 

concrete class '8' 
150mm thick -----+._ 
class' B' engineering 
bricks laid· in English 
bond in cement 
mortar ( 1 : 3 ) ---+-1"'+-

precast concrete 
pipe sewer ----., 

class '8' cost iron 
special diminishing 
pipe and bend 

0 ,. ... 

·, 

· cancrete eta ss 

.. .. 

. ' .. ' . 

MANHOLE 
east iron manhole cover 
and frame 

0 
0 
Cl 

... 

levol 

-16mm dia. m. s_ bars at 
110mm centres 

6mm dia. m. s_ bars at 
300mm centres 

granol i th ic lining 

safety bar • 

1· 350 

step 

,. 
N 

u_~--~~~~_.~~~~ .. --------~~~--~--·~·--~~~~N 
+---------------~~~---------2~·~5~00~---------.+2~1~i~1¥~ 1 '650 t 215t 
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DE p B!2. ICK MANH LE EXAMPLE VII 

E.artll worke Bric.t.wort ~ manholes would 
2·500 norm auy re VI1«1BurPd U¥1der 

wd)).s 2h fCJ 430 ClaSG ~, tf1 wwm case -/he wme. 
WW:.. 2/i?O oOO of h work i.t1 -the manhole 

3200 
UXJuld be a single ~umerafed 

~-
gl. op se 6 6~ item. 1Vris is a ra!W' uuuGw.i 

base 225 cmd fair~ wmplicaiki d(J$~ of 
69\0 

ch(JiYtber d~trr s~aftd~ 
matt hole aNd so ie bemg meaeur«i 

6·910 '2·800 ·lVI detai& to iJ.Justrate the 
0 \00 \00 measuremed oF 1ire wmporJent 
0·~\0 

150 parts wrnch straddle, a number af o· roo 
u.ork c.laooes. 

0·20 0f¥t excavn ; (chbr. This approaclrl ~ permr·tted by 
:3-23 max deptfl: 5- 10 m iV!e footnote on page 53 of 
6·91 8( E426 Cf5MM3. 

1·50 F Wg. io 6h-ucturQ9. ( ooc.Wrop 
1·50 E61o Note mefi10d _of b!Lild~Mg up 
6-91 diWI€ffsione l¥1 waste. 

640 
The whole of -tfre e1e.avatron £.6 

2/2.15 4~0 takrn asfUling W1 the first 
2/100 ooo W!sfance as if wi.U 6impUfU the 

1-31S suheeqved mer:t6urement Of 
.3·23 Add er:wvaied materiaL for diefm!L. 
'3·23 OispooaL of (cnbr. 
3·91 exGVtd. mat. It i6 necessary to crijll8t soiL 

E??J2 dispooaL for ihe volume occupiro 
& by the chamber, backdrop awi 

1-~ access 5hoft. Filling material 
1·50 DdJ; (backdrop shalJ be deemed to be non-
~-SI HUg. fn structures. selected exwvatffJ. material 

E613 aiJ7er -that'! fopooi~ or rock, 
UV!Iees olilawise. stated in item 

1·38 ~access deecriptiorrs (rule D6ofdaa5E). 
I·?J7 shaft 
B·IO 

7.1 
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D"E:I p l;tl!CK. 

3·2B 

~1"0 

I· f70 

I· flO 

?1·2'0 
o·2?> 

0·23 

1·50 

0·1? 

0·~ 

l·"':J 
1·~0 

2·60 

MANHOLE ( Covrl-d.) 

Excavvr. aNICi Uarie& 

PretJY!. of etcvtd. surfu. 
E522 

In situ COYIG. 

~rovsn. of covrc. 
des~nro mix grade c 10, 
ct. 6512, 20 mm ~g. to 
8~ ee2 ; mo1. ct. co 'ek1i: 
'l.ID~Jm~ 

F223 
& 

Placg. of cotti. rna9s ba9ee, 
tmckn-ea&: 1~ -000 mm. 

F522 

Pdf. botl1 last. 
~urrd. to 
backdrop 

Prov5Yl. of covrc. a.b. 
F 223 

&. 

Plaaj. of cone,., mase 6urrd. 
to backdrop. 

1.'2. 
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F5SO.I 

Preparation of ground to 
rective. base io mCWihole. is 
meaaur~d in m~ 1t shall be 
deew~ed tv be carrifd ouf urw 
rnaiericxL otVIer -tfrllfl topsoiL, 
rock: or artificial hard ma:l:erial, 
I.Wll.ess olmrw ise riated iKl 
itevn lkscriptions (rule D? of 
class E). 
Aro -IJ!e dimet1eions for bath tl1e 
provision ood !fie placin~ af 
c.ovrcreie are rdevrlicaJ., 111fJj are 
Jrouped togeHter to avoid 

upUcaJion of dimensions. 
A5 ~ 16 a destgnro mix, h 
mmmruWI C£me.Vri covcWii hae 
bef!kl W1 ciJJd ro !VI tire 
description. 
Commwce wi-lvr ifle meaauremmt 
of ffre C1JI1Crete base ard UKJrk. up 
life ma+1hole-, foUowirrg genemllij 
/Vre Bff!Uevrce of CJM8truction. 

This concrete dreJ nat sl.ot ivJ 
~ an~ of Hte UStr:J ~ssifi~ions 
1¥1 tfle second drvisron and r.s 
f¥Jerefore coded a9 a (other 
c.oncrete furrns). The depttr of 
2·60 ~scaled off -the drawing 
i.VI fue abseYice af rele.vaY!i 
figured dr"mensions. 

ct. 
upUcaJion 



DE p Bl2.1 CK AN HOLE. 
The COI'ICrefe 61.LTTDI..Wfd to ffle 

2·S00 1~0 rnrn diameter- sewer has bW1 
2500 ~ff tv~ tatevr whw mea6uring 

2/ 5·000 the sewer betUJeEn matThoies. 
qdd waUs4f2/215 

10·000 
Note 1m m~cxJ Cldopteri for 1·120 

COf1£.baclg.4/150 600 
obtai~ng tVIe. perimeter L£~ or 1'2 3'20 

ftt. 9 ir!Yl of conatte backi 03 fD Htle 
2'25 Chamber walJ.s, mt~:~aured on its 

3·360 CRNTiTE Um. 
~ 
3·6GO The. dime~etons follow iV£ order 

Provsr1. af cone. a.b. F22~ 
of ~f!gf.h. amdth a.M n~gV!t 

1'2· 32 1he pla~ng hoe bw1 dassmfd a9 
0·15 (cha!ffber fo wails, with U1e suffix I addfd. 
3·66 & 

tOO)) ttttg. at .fJre €f1d of lhe code to pick up 

Pia~. of cmc., mass walls, 
'baoorrg~ 
AdJuslweuts nm:J to oo made for 

-!hi ness: n.e. !50 mm; bacJre piPffi exceeding 100 mwr iv1 
F541. I externaL diameter (rule Mle of 

backdrop oi~ etl: diot~te. class F). 

2·600 IN. oore 1·12S The ii!icb fffi& of pi~ i6 adckd tJ 
less ba5e 225 iJ1ickness 2175~ f.he irrtemaL bore to g;ve tfle - I·'IliS 2·31? 

t.ttt. oore. 1·350 
exremait diameter 

-{fUckness 2/B"J \10 

IS20 

1·50 Ddt. Provsn. of co~. a. b. 1he. vowwre. of bacll.i vrg concreiB 
0·\? f223 to oo d«iuctfd foreacJi pipe ie 
2· 35 & (backdrop trr2X -/hlcb'less of bacL:ing 

~} 
Adjumme«i hae also fo be mcx.fe 

0·64 Ddt. Pla~.of en~. F54l.l for -/Vie overlap af ClKlcMe 
0·64- mass walls, a.b. backing to 1he chamber wall awd 
0·15 (1125 mm pipe lV!e surround to fYe bachirop. 

~I 0·16 The deptYI of 2 ·33 to the 
0·76 backdrop has been scaled in 
0·1? (1~0 mmpipe fne absence of figurr:d. 

dimmsions. 

1.~ 
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&410 fJw!d up af cUtlfet1SiOtt6 of 
645 coVIUPle bacl:ing to aaRffJ shaft 

2/1·2q() 
2·'0'a0 

wa.IA&. 
add waJJ.s4/2[2to 1·120 It ie not amaidered necesoor~ to 
COt1C. bacJf.g.4-/JOO GOO mate a4}uetmevrt fertile a malL 

4·~00 

nt. 1hickt1(JS6 of conCJPi:e arvuro h 

'Z·SOO accees sl1oFt COW' slab. 
lf>O The order of ~~,bread+i1 or 

2.900 
thickness, oo~ ~ or .neight, i¥1 

4·90 Prov6n. of COMC. a.b. F22?> dimevtGione 16 tm.mtClfmd 
O·IS & (all'eSB smft tWoughout for cot16i8tfVICij. 
2 ·'30 

bacliJ. 
Pklf!J. of cot'l. maBB F541. \ 
walls a.b. The area of fum wort ~ 

-lYle face of tfte covtcrere io be. 
Co~. aMdUI1fiea. fwk· supporiro. r± i6 mroaurro tottre 

~ side. surfCUl'S of WI situ cot1C!"Ple 
2-500 

cast within ~cavatro volumes, 2·000 
2 /5-000 ~ where ifre roVJCff!fe ~ 10·000 

add waAJ54(wl5 1·12D express~ requir«J to oo cast 
COtl(i. battg. 2!100 1·'200 

~ against excav~ surfuoos [rule. 
ht. M2d of cla.$6). 
225 1f1e, width of fornrwork is doowritl "3·060 
~ 

tD be exceeding 1 22 m wide "3·5~ 

l'l·92 Fwk. ro. fin. vert. Gl4'b ~Wiese o/¥JeruJf68. statffi (rule D2). 
7)·S9 ~~uuAA ooag. No deductioVIS ko~ ~ mcrJe 

2/ 1·00 (sides tD to formwork for lVte larye pipOO 
2·60 

badairop surrd. tuJr has cwry ud.tin9 been 
!&1. 
64-5 

lfi{J(lB(..{reQ. 

J& 1/1·2~0 
2·590 

cttJ wallJetr 1·120 
(lWIC,. 00 . 100 1·200 

~h~wUJootre 6·500 

Fwk. ro. fin. vert. 6145 
exposed 1 rormUJOrk. pradl.tcing /I, 

!5·00 ro~h fitfish (sa.um form work.) 
2·9fJ (cwss rhJft Ill be trirquat&. 

l'xldig· 
1.4 

139 

waJJ.s4/2[2to waJJ.s4/2[2to waJJ.s4/2[2to waJJ.s4/2[2to waJJ.s4/2[2to 

Ill 

&410 



D E E P B 12.1 t K Ill A N H 0 L E ( ContdJ 

2·50 

2·~0 

4/ Q.f>'j 

0·'2~ 

4/ 1·']3 

0·23 

1n r,iJ.u co~. 

Cover slab 

""' 2·500 Lf.tlfl 4-00 
2·CJao 

Provsn, of cot1t. -designed 
miX grade Cl5, r:i. to !;SI'2, 
20 mm af!J.. to 00 sse; min. 
d:. contei* zeokg{m~ 

F233 

& 

Pine{). of covrc., reirrfd. susp. 
slilb, -lhicbreoo: 160-000 mm. 

F 6:?2. 

Cone. CJM~Uaries 

fwk. fair fin. mr F21o 

FwK. fa.ir firr. vut. 

/w.ter61ob 
\soff. 

width: 0·2- 0·4 m. F24o 
(«Jgeato OfXJ· 

Fwl!.. ro. fin. vert. width; 
0·2- 0·4m. (ed~fu alab 

Fl43 

f2einft. 
Len. 
2·930 

/Js5 mver-2f4o eo 
- ?! 2·'0~ acil hW.fjfdS7192 aS4-

- 3·2M 

'2·900 
[9r;) cover oo 
- 110)2·9~ 

26+1 

l.'j 
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The rover slab i6 reiVIfarceci at1ci 
ii1e c.of~Cfele items wdl. be 
foUOW«J b!j formwork cmd 
rei t~forcemel'tt. 
No d«::uchon af concrete i6 mode 
for ltle ac~5 shaft opev«rrg as 
it dOffi not ex~ O·om2 (rule
Mie of dass f aMd mle re of 

clae5 G). 

formwork. to givf!l a sl1iJoth 
fiVI iah to ooffif of rotmk rJ.JVel 

stab to c¥tawber. 
!he for~ work to the~ of1JTe 
51ah exceed 200~m wt~e tJJAd 
are Jfleafore meOB umi ikl m1-
UMder -!Ue a.ppropria:te ihrd 
division cl.awification. 

Whw caJcuJatit!g ihe le~{fl of 
bars, add 12 fimes IJ1e cliamPkr 
of ikle lxlr fur roc¥~ hxJW end. 
Divide tkle leK!f' of it1e olab b~ 

it1e spodvtg of 1m bam 1D give 
-!tte number of space5 beiwe.e¥1 
ihem, at1d add ott? to tatol to 
coYrvert the number of &pOCPe 
Wtto ire number <Jf bare. 

Q.f>'j 

Q.f>'j 

Q.f>'j 



0 E E p l'>l2. 

TT/ ~-?.~ 

4/ 3·'23 

6{ 0·64 

6/ 2·00 

2/ 1·99 

~ IB; 2.·00 
7 0·£>4. 

Q.fA 

2:00 
0·&'. 

0·6'0 

l c \( MANHOLE (Contd.) 

llemfort:emmt 
M.&. 0019 iD 004449 

Diom. lf>mm. Gf71f7 

(1mn6'1erse ~ 
110 )6¥.1 

6 

Ddt. di& - . {opj. 
Wxl. 

2·500 
feoooJXJ. ~ 

1·6~ 
aid /est.OVErWilfl 215 - ~ 

2-010 
~oovero/40~ 

1·<:)90 

Diam. 6mm. G51\ 

Provsn. of COV!li.- designed 
mAX gmcJe C If>, ct to 0012, 
a>mm a99.io f'h8S2jmin. 

d. corti£nt 1SO krjfm~ Fz~ 

& 

Placg. of ro~. mass F 580. '2. 
~c£1g.to m.h. dl~. 

lMO 
1-1'25 

2 )2·415 
. 1·'2.~ 

atilglrltiO.Ung.7f25 ~ 
I'(I(I(M dil»7\. 2) 1·266 

meortrad. 644 

l.6 
141 

r~s for reivrfrm:emem shctll te 
d~m«l iD iNrclude. 6Up~ing 
r~rtforwtted clrer -~Moo steeL 
support; to~ relwforcemewt 
(n.de Ct of class G). 
Th€m are It) hookfd eros to 
dlstribui i011 bars. 
Shorter bars flttislUwg agaivret 
aa:.ess shaft opeMivr g. 

Number of bam obWined from 
Section A-A. 

Bwchinq i6 not iNTcluded OfJ a 
stawd(jra classification WI -lYle. 
serot~d divi6iorr cwd it ~a9 
H'leref~ beef~ inclUded Uflder 
"oU1er coY~crete forme~ a11d 
rowpn·see iTe second item i¥1 
~5 cctlegm.J, avrd hM'.e tvre 
WI cLu s ion of flle seco11d suffix. 
1he average deptft of h 
bettcitirrg concme hae beeN! 
scalEd from ihe dtr:WiiwJ. 

L~sfil scaled off &O!Afinq 
m«1eurFd orr Wlfre /Me or 
cha11rrei. 
It rs twf CJJnsiderro nPCeooary 
to declud for the 300 mm branch 
wt'ltleotion. 

1·99 

1·99 
1·99 

meortrad. meortrad. 

meortrad. 

Provsn. Provsn. Provsn. 

meortrad. 



DEEP 1312. CK. MANHOLE. (Covttd.) 
Fivt.isn~g bf?NicVtil'lg wit¥!. 

Cottc. Accessories gnwolitVt-ic is rneaa().red 111 m~ 
C1kld ie dWt1'ld to ivlclude 

2·150 f£111sll of formed surfo., mal:trfals, surface. trea.twrmt, 
2·~0 ~rtit!O. ·n, steel trowet.; as Joi l1is llt1d form work (rule. co 

2/ 
pee. cl1111se-. (sides~ of class G). 

2·00 
drmtnt 

l·W GB~·I 

l3QICK.WO~K Note build up of perimeter or 
En~buk class B to asmr ti'rttr of walJs baf«i on CffTtre, 
ikl-g. txmd 1M c.m. ( l=?l}. t1e meaeureme~. 

gffr. of drbr. Item descriptions for brick. wall& 2·~00 
2·'300 vhaJJ eitmr fiaie file materials, 

2/ 5·000 
~ ~mitraL dimewsiovrs and ty~ 

add c.orners4f'l.F.1 eoo 
- 10·060 of brtck or gwe equ iva!Jeui 

atfl.af~ ref1:rmcffi to appUcable ~ihri! 
645 ~dard Sp«lfi caitovre[ rule 645 

2/ 1·296 A I of class U). 
4{ 2~ rxld comers 2.1~ soo 

3·440 
l1i. of c.hbr. 

3·360 
__12 
a·4-06 

Otte bn·ck walls are meaauf'ild i.vJ 

10·9& Vert. fit. waLls, 110m. th.ich1eoo: ~ Addmorral drocrtpnve ilevwa 
.3·44 215 mm; to wr.h . (cnbr. cue separat«i from h strJkldard 

3·44 ~~ 
drecriptions b:J a seml-colon. 

2·00 uml.l Bwlt-·Wl pipes are daasified 
Bwk. attc.Warire. W1 bLtJ categories U91:Pci WI 1m 

tflird !Uvision. 111 view of file 
I ~r,t.Ut- if1 pipe, coo (aql l\1lt1 w.r:amiem of -!he pipes~~ - o ·10 wr2; w.h.b. rirrg prpe a croes-m:liooal area Ill 

over; s~ply af pipe m/&. strtJRd iii each item description, 
U~S6·1 m«1eured to -lfle ouisrde offire pipe. 

PJuUt- iNr pipe1 csa 
The turning af a half brici ring 

I 
(150 111WI ovel' 1118 pipe to prevettt fracture. 

0·60tr(Z;w.h.b.rmg. pipe i6 given as att additiovraL norr-
OVel'j SrJfJPUJ of pipe wJ;. 6fattdard d~cription. 

U~·2 
1.1 

142 

strtJRd 

Item 

cl1111se-. 
cl1111se-. 

1312. 



DE. ED 512.1 CK t/IANHOLE (Contd.) 

l Bwtt-ikl pipe, csa. .Items -fur bu.itt- WI pipes are, -
1·'29 m2 ; w.n bring (~ t'25rnm doomfd to ii1cl.ude tf1eir 6upp~ 
over; sup~ of pipe. pipe LWI~65 otherwise stated (ruk 
mfs. U36B,? C2 of dass U). 

I Built - WI pipe, csa -
1·5am2;w.hbn·ng (~~ 111111 
over i suppUj of pipe 
m/u Uo56.4 

~I OA4 Ddt. vert. st wail , a':;()mm Brickwork. ~ dedtActed for pi~ 
044 nom. ffU chtess : ptpe whose exte.rnat cross-secbonaL 

2~/ 0·64-
215 mm, to m.h. 

~1?.5mm arPa exceeds o ·25m2 (external 
pt~ diameter ivt excess of SE4mm) 064 

~r,Je M2 of doss G). 

?fl 0·16 (t"?tiJmm 
016 

ptpe 
Fair faced work is measurPd r¥J 

U~\.1 m2 on -the advaL face tore 
10·00 fair focg. (cnbr. poiV!ied None is measured to 

2 00 U378 brickwork wvered l:xj bmching 
but -the heighl aixNe fhe boitching 

2·56 (access L6 incrrosed fo 2m to malce 
2·60 shaft 

a.IJowattce for fJ1e affrJs over pipes 

~I 0·44 Ddi. fair facg (1~tfltrl ptpe 
0·44 U316 

~· 

G/~ pi~, BSdass io BS 65 
11- ~ rrtcessary to state -Y1e pipe 

0·65 material, rt01111rraL bore cwrd 
w. exjs, mm. bore 300 mm; joi tiing. and the appropriate 
if1 base af backdrop. 1121.1 British Standard wfere¥rce [rule 

A 'l of c)ass 1), and -the lro:ttion of 
SpVWl iron, cfas& Bto !?S fire pipe(rule AI ofdassi). 
-M22 claoo 3, spec. romb. 1hi9 is a special fetti ng but ie 
dlmng. pipe & ben1, nom. oore: rnrosured W1 accvrdllMce with 
150-3oomm; i.ft backdrop. -IJte rules in Clllss J. 

J494.r 
7.8 

143 
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DEE.D E; 12 I K N AN HOLE (Contd.) 
In sitA coYICrete 

~I 0·60 Ddt. provsn. of cone (~rpi. Deduction of concrete surmUYid 
0 4!J to baddrop for volume occupiro 

& F223 045 ~ dimi»1shing pipe and belid 

~I 1·50 Odf. plact of cone., maoo e externaL rroius 16 ta~evr 1¥1 

0·17 eurrd. to chlrop. (b!Md each caGe. 

0·11 F580.l 
- Precast co~crete 

Precast c.oVICrete siClb€. are des~ned mix, grade C4~5 eMmeratA:i giving fJ1e area CWid 
add w~s 2/zro 400 wr are dassifi caffovr irt accordance -o· g2hs ~ 

Wlffl claoo H . .Rems for pf!!Wi \·225 

I Precast remfd. ~.slab, concrete are deemed to Wlcwe 
- reinforcemmk, formwor~ 1joint& 1¥Ucknese : 1.CO mm; area: 

1·20m1; mass: ?OO kg- It; ar~d fif'liBhes (rule Cl of daes H). 

rec.esGed foropg to m.h.H 2 5 3.1 

Mffctlworl:: Thef£ fittin~s are. 11at speciflcaUy 
mentioned · CE5MM3 CJnd have 

C.i. m.h. cover &fr. to 85497 each been e.vtumerated arzd 
ref B4-2. N999.1 coded uV!der class N 

2/ ( MrsceJJaneous MetaLwork). 
C L. box steps, mass 3 · 5 kg Items for misceUcu1eouv metaL· 
to mh. N9992 work shcl.U be deemed to inc!JJde 

15/ w.L. step- iroV1, mass I· 75 ~9 
fixmg to oi"ler wort, supp~ of 

I fixing componerrt& ood dnUing -
to m.h. N~99·3 or cu:Jfing of o!Yler war~ (rule 

Cl of class N). 
I GaJ vd. w.i. safeflj cJwin, A!fervw.tiv£ilj lea& Wrformation -

1·50 m &.mg, w 2 11r mtoli& could be giv~n lflihe biU 
b.L. COV!C. beN~dlg. fo WI . descnption and the Comraetor 

N999.4· would ihe¥1 obt-ain /VIe details 

QaiVd. w.l. safelij bar 25 mm 
fmm the Draw!nwo ood . 
Specification !.¥1 accordance with 

diam., 2·?Dm ~·, w. 2vrr usuaL CE&MM practice. 
mgbolt!J b.i.bw .tom.h. 

N999.':J 

1.9 
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400 

externaL 
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DRAWING N0.10 

stone wall to 
promenade 

525 1 600 mm 

weepholes at 1·5m 
intervals 

450 1 225mm 

slate damp- proof course 

300 1 450mm 

.• :, . 50mm red preca I 
• / • concrete hydrauli ally 
~ pressed paving labs ... 

· I · laid to fall of 1 in 40 
~---lr--'..:·_1_·_a_o_o_7_/_•.....,___.~on 75mm bed of shes 

I 
high water of 
spring tides 

stone block 

low water level 

0 

"' 

0 
0 
N 

0 

"' .., 

. • 
.. .. 

.. 
·•. 0 0 ... 

steel sheet piling-
3 · 750 long ( left 
in position) 

S T 0 N E 

I 
I 

. .. 
•. 

I 
I 

'/ •. 
'I 
I 

I 
I• 

f, 
I. ,., 

I 
I' 

I ... 

.· 

.. 
•· 

Portland cement 
concrete (1:2'12:5) 

... 

.•. 

.. e . 

.• ·. 

4•000 

450 

450 

.· ... : 

·_ ... 
... 

..· . 

. ·, 
'· . 

. . • •. 

0 
0 
0 ... 

0 
0 
0 

N 

0 
0 
0 

N 

F A C E 0 S E A W A L L 
SCALE I: 50 

146 



5TO ED EXAMPLE VIII 

Nate metilro of obtaining mean 
Noie: diWtevJBJons iVJ fus widths by rneanB of wool:e 

e-x mp!e have bWl s1ua~d c.a/w.latrons ors1de caats.lhe.firi 
rea y for transfer to -the sedion f., tukm chvn to the high 
ab m d. in c~ a ptet n. water level, a9 excamion below 

ihisleve!. cm!d beunderwater(ihe 
de¢1 ~ xnlfd) The widifl of the 

Ear-/klworb; second section ivlcludes '/he thickness 

widtVJ ofttre steel sheel: piUng, and-the 
grd. &urf. '000 frorr.t face of 1¥re excavation takes 
hw~ 1·0'00 h form of a give arrd take ~11e. 

2) 1·900 It is neces~ary to oeparafe work to 
975 be carried 0/Ji: below high wafer 

~el (rule8 Mland A2 of da6s E) 

60·00 0en. excavn ., wrax. CE5MM3 5.20 requires 

0·96 deptft : I - 2 WI idevtbfication of ik water ~evels 
I·~ 91·1 E424 in ifle preamble to 1Jre bi U of 

qua11tities ood 011 h drawings 

deptn Nate ltre use of +kle terms 

1·'000 'Commencing 5urfdce' and'Excovated 

2·000 5wface\(CE5MM3 '5.21). 

2·000 The CQmmencing Surface 6haii be 
5-scJO idenbfied. W! fhe description of the 

work wlwre. iJ: is a/YJertllan -ltre 

widtn Or~inai. Surface, avrd IJre fxrovatro. 

hw~ 2·1~ 
Su are requires idemification if it 

excvtd. surf. 4 ow i~ not -!he FinaL Surface (rule M 

2)6·2'00 
of c!a6'3 E). 

o·l1S 
The Contractor wilJ. need to wer 
lk!e cret of !1.U.. tempa-ary works in 

60·00 &evi. -exwvn., max. GeneraL ltem5 or if! his biUed nrtes 
3·1'2 depth: 5-10 m; fer earfuworks1 concrete Clffd 

5·00 1065-€~ commg. nwL rna so~. 
E426 5epar e items are not required 

for tpho!ding sides of excavatiOt'l, 
add.Hiona~ excavation to provide 
worbng space cmd removaL of 
dead servicee (rule Cl afclossE). 

9.1 
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d. 
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e-x 
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STONE-FA ED 

60-00 

0~ 

1· Sf:~ 91-1 --

60·00 
3 12 

5 80 1005·8 

60·00 

0 90 

3·25 11?·5 

6000 

0-45 

2-00 ~-0 --

60·00 

0·40 

I· 00 240 

I 

SEA WALL (Contd.) 

Excavn. a1101 Uanes 

Dir;poGGl af excavtd. 
rnak 

1116-9 

Ddt. -

ES ~2 

F Wg . !Jf2!Zer 
d 

eoctn. 

~ 
3.0 00 

2 

3·2 

wi 

50 

so 

4 

---aJi1 
~ 

_2Q_ 

900 
4 

DlefXJ&aL af excvtd. 
mal (rror u 

sectn 
~ E 

Odd t 
FWg. fo structure& 

S32 

rorwwer 
Sfdn. 

E 61'0 

&t-face 

25~-5 

8.2 
148 

It is necereartj to mroeure -IJ1e 
vowme of exwvated. mafmal 
whim wUJ be rem:Nfri ftomthe 
5Ue ood -ffle quafftiUJ which wW 
be rarui rro for falivrg to -the void 
behirrd -!he sea waJJ.. 
/he vow me af disposal of 

excavated material is /he 
diffeW~~re betwe€vr 111e totaL net 
voli.Jme of exwvaiion ood -file nel 
volume of excavated. maierial 
uaro for filLing (rule MV2 of dass 
E). 
The diefX16aL of e>(CGVaied 
maieriat is deemfd to be diB~saL 
off site u11fres oiJ1eJWise sfaJf.d itJ 
itewr drecriptlons (rule 04). 
7he excavaiton quantlties are. 
taken as disposal and !f1fNr 
adjustmevrts made for The fi Wrrg 
of !he void. 
Fr/Jing mai€ria1 is deemed tore 
ron- seieclffj exwvated maieriat 
oifler than topsoil or rock, U¥rlf% 
oiVierwtse stated [rule D6).Items 
for futing are df£med. to tV! dude 
compadion (ride C?J). u 



510 NE-FA ED SEA WALL ( Coi'Ttd.) 
The preparation of the exc.ovaia:i 

Excavn. av~oUaries 

I 

wrfuce to r«:eive ~ ~ of f¥1§ 

wa)l, i6 measurro separCite4J 
00·00 Prepn. of excvtd. surfs (rule M 1 1). 
4- ·00 24DO I E522 Two items are r«JUira:i. forlhe 

I Piles 
Wrterloc.ting sfeel6hee1 piUnq-

I the driven arm and '/Me area. 
I Interl.ooking steeL ~rl.es, c!aGeified according to fYe le~t~f!l 

EJ,Qe 2N section modulus caiegorlee ifl the tJUrd division 
1150 cm~lm 1 wooe43A tn of dass P 

GO 00 BS4360 1he concrete i5 6 uWividro into 

0 15 2'2.':1·0 
Drivevr area. prrrvision and placing ()Yld -ffe 

PP132 placing i6 fur!Vrer subdivide-d iMfu & 
Arm of pilffi of levi: n e 14m; wor~ atove and beJaw lugh waier 

treat\:d w. 2cts. bif.pai~ /,eveL lk1 accordance wi!tr CESMM3 

P633 5·l0 and frle footnote ovr page4l af 

Jn s if.M CDI'1Creie 
CESMM3J whereb& the location 

widifl of concrete members in iJ1e r.oorts 
2150 may 1:€ sf:aifti liJ iiem descriptions 
0·110 

2) 5 920 for placi~ af conaeie where 
60·00 2960 Bpedal aracteristic& may affPCi 
4·00 Provsn. of coYIC. (base tire metirod ®!d rate of placing 
2.·00 4-00·0 des1;gV1ed miX1 grade conaele. Some may FeeL -IJtr1 f.Mis 

CIO,ct. to B512,40mm sulxl.Msion of /VIe uott llJ 

60 00 agg to BS 682 . F224 ~mcee&al)', providrd the apprrfriaie 
296 

& (:111iddk U1fvrmaiion wtffl ~ord to waier 
2·00 355·2 

I sPCtrl. levels iG shown on ffle drawing an~ 
Ploeg of aJI'k: .mass waJJs referred to i¥1-fJ?e bllJ of 1u~mrtiro 

60 00 TJUctneGG: ex. soo mm; bac¥f].· preambleo 
2· \0 to masonr& tWxu hwl. ~- The measuremwt& Wic.Wde the 
t.eo ?26·8 1062·0 F 54-4.! vo!JJme occupied ltJ ihe mamrl)' 

~I 
wwch will need to be Cbijus!Fd 

60·00 Ddt. bo!J1 lost later. A euffix ts addru to1f/e code 
4 00 I'E'ft:m1ce Of! accouvrt of iVIe 
Q.?JS 42.0 (tapg.~are add.ih o nal dt:ecrt{ltton iiem5. 
60·00 

1t i-5 often ea5ier fo mftl9ure 1Jre 

0·35 
(top of toe 

totaL e¥1doomg redaVl~e cmd 
0·3S _H__ 49·4 

fhevr drouli ffle voids from il. 
--

1012·6 6.3 
149 

NE-FA 

aracteristic& 



510 N E - F- r-.c E- [ 

60·00 

1.ss 

0·60 66·0 

60·00 

015 
O·'j{) 2'2.5 

60·00 
5·00 '348·0 

60·00 
I .20 1'2·0 --

60·00 

0·'05 '21·0 --

5E-A WALL ( COVltd.) 

widtl'J 
1·~00 

1·900 

2}o·100 
I·SSO --

Provsn. of CDVIC.abd. (~~. 
& F224-

Ptacg. of WI'IC. abel. 
above hw~. 

F544.2. 

~-I 

Cone. ooci Uartee 
~en 

2·000 
2000 

1·000 

S·SOO 

Fwk. ro. furl. vert·, 
Wow Vlw~. ~ror face 

C114S. I 

tfrt. face 
4'20·0 

Fwk. ro. fin. 6~ i widf}J: 
0·2- 0·4 m; below hwl. 

Gl2~.1 

6.4-

150 

finalh.{, h. concrere above high 
water 'tfueL is measured. 
11 i6 unnecesoory to repeat the 
previous dll9criphons when bH 
usWiq iJ1e ~'tprP86ion olxJ (as 
before dPSCriOO:i), i1 i6 pOE13ible to 
refur back to the earlier items 
for -/fie fuft dwiplions. 
Note h ure of waete for 
prrumirrary Cd.lwlationa
recordit1[] ·WI this wllH permits 
dtecbng ofile ca)culatioHs a9 
UJflL ae ohowing -the build -up 
of dimemiona. 
A second euffix 16 added to the 
refer€tlce axle for -the placing 
Uem, because of ifle varted 
dPSCrfption. 
The volume of ire cq;mg stone has 
been omiited from ifle ditrKMsions 
The. coi1Crete iieme are fa Unwed 
wtU1 it!~ SUfJPOrtirrg form wort 

n i6 assumed iVrai 1'!0 formwvr~ 
wtiU be required fu iJ1e sfvne face 
(.I.Vie masonry servin9 aa the 
form war~). 
F:Jrmwork. i5 deemed to be to 
plane areas excmiW~g 1·22 m 
!Afllees otmrwit£ statffi ( n«e D2). 
Form work to hortwnf:Cil, s!iJping. 
illttered Clt1d vertical surfaces 
are roch kept 11efJllrcie eu1d 
widfNts ~ceedivt~ 200 mm are 
meaaurro wr m. 



510 4E- F-# CED 

60·00 
1·10 66·0 --

6().()() 

4·20 252·0 --

60·00 
0·10 42·0 --

60·00 
0·'01 

4·20 128·f7 --

SEA WP..LL (CDvrld.) 

600 
500 

1-100 

Fwk. ro.fin. vert. widtf!: 
0·4- t·Z2 m; orovenw£. 

6144.1 

Masot1~ 
Ashlar Masomv. P. st. 1 fweh 
12td. w. mortar J!J~ Mo 

av.wtdth 
A/600 2--400 
3/J,(JO 1·200 

7)3·600 
514 

Baitered ~·to cont; 
nom. 600 & 4!lO WI aJf. 
coo., av. 514mm, below hwL. 

U146.1 

Di&; Wc!:ness; nom. 
400 mm alme hwL. 

Ul36.1 

In 9CW l1Jf{IPi.e 

Ddt. proven. of COYle. alxJ. 
f224 

& 

Oat. ptaaa. af cone. a/xi. 
bww hulL. 

e.s 
151 

F544.1 

It L6 c.ot1ald~ dg;iroble to 
sfate, fire wi dJJr nmge. in hs 
case aa /he widtit dCXB m-~ 
1·22 m, even a.IJkJugh 'rt is fXlrt 
of a la~er em !fr fire same plore. 
However, &orne, maJj feet 1hat tOO 
separrlhon i6 unneces5ory. 
The maoot~ry ~ meooum:l WI 
m2 as bmfer«J facmg to roncre!B 
11Md sfati+rg ffle tf!tJfinal fhiriYm;E 

aa rule Al Of claiJ6 U. 
The masonry haa be£.n sulxiivid«i 
bel:rJJeen fiKii. arove at?d below 
hi(jh waJ.er kvel 1 buJ fJ1e U5t of 
1heee da85ification& muld re 
regard(!(/ as optional. 
Itme for masonry are deemed 
to ivrcwde fair facing (rule ct). 

lhe adting to form fh splaye:J. 
tnp roge i6 wi measured 
5eparikly awl -the Controciur 
IWJ8f allow {(l'cuiiing ti7 the 
maeonry raies. 

Oeducfiovr of concrete (provision 
attd placing) f~ 1he volume 
occupied by h m{1f)(1(1ry. 



510NE- F-~CE:[ SEA WALL (Contd.) 

60·00 Ddt. provsn.af CDYIC. abd. 
o ..w F224-
0·l0 16·8 & 

Ddi:. placg. af cone. 
ahd. a.bovS hwl. F544.2 

A6hJar Maoomy 
Porfland st. f/AAah ptd., 
mortar Pjpe Mo. 

60·00 60·0 Copg.II25X 6DOW1WI 

rdd. w. sivrkge. as Dwg. 10. 
Ulll·l 

60·00 60·0 PIMtt! 525 x 600 rnm 
2ce sp~d as Dwg. 10. 

U7l7.\ 

60 ·OO Vert. st. wall ; ~rinees: 
0 ·4b '2.1· 0 BOO mm, fair fam:J.. b .G. 

U731 

60-DO 60·0 Cof;g. 4'j{) x '225 mm 
200 weiJ'rd. & 2ce IJim. 
as Dwg.IO. 

U111 2. 

8.6 

152 

ihe use of rode numbers uitll 
as6fsf J.iJ tdeW:ifqiNrg ihe item& 
at1d quarU:ities from wnich fhe 
drouciions are to be made, c.md 
permd ahbrevtairo descriptions. 

TYra ropings cmd pl.infhs are 
rneasur«i ae linror surface 
feaiure9, statwg the CJ006 -
S«:tionaL dimweiorrs, where the. 
area excetd9 O·OOm~ CU!d /abat.Irs: 
tire la&r coonat easUq oo 
relaied to Cllbic coi'Jieirt (rule, A 7 
af claee U). 
£eferwrn to c; drawi~q is uauauy 
mceasary to provide r:J!1~uate 
ivlformation for pri~ng. 

The prornwade wa.U is 
measured WI m2 stat-ing the 
-/iricrness a.;td W!c1Md1ng fair 
face on boift sidee. 

The Cif.Wrq 5fnvres may oo 
CU1t~edecf bg amnps and the 
plivrtfl stones ~ dowels but 
-/hfSe are not meaeu.red 
ocparateAy. 



S10 NE.-f CEt: 

60-00 60·0 --

60·00 

1-oo 
0-~ 2?.1·4 

00·00 

'0·00 \00·0 

5 EA. WALL (Corttd.) 

Dpci widtY!: ~oo mm af 

2 ~- af s&al.Es, td. b~. 
ft IV1 mortar 'Ujpe M3. 

U782 

PromeMade 

Get1. excavn. max. dept¥1: 
o-'25- o-5 m. 

E422 
&, 

DispooaL af excvtd. 
Wtci*. E':702 

Liaht d.utu Pat.ement 
-u-

Qed prero5t coVl.t. flags to 
651263 ~pe D i -!hic~ness 
50rnrn. 

t2.1S2. 

& 

Aah bare, depftr: 1fJ mm. 
12.113 

e.7 
153 

Damp - proof courses are 
covered ivr oo ci l1a ries cmd are 
measured os UY!ear items 
statWg iJ1e material and ihe 
dim~eions(rule ABof class U). 
Adciliiot!aL material ·IV1 ~ i5 
mt measured (rule. M5). 

Evm shallow excavation i6 
m€cteured by voiume, stating 
-file depUl cla110iffcaiion riT -!Vte 
ilird diviaion. This r6 fvUQwed 
by iff appropriate disposaL itelt1. 

The pronwnade pavemetd: i6 
meaeurro in accordanct wiiJJ 
ihe n.Jea for dass fl. ( rloads and 
Pavings), wrucn reqvire!1 the. 
separcmOfl of ifle ranCide fltXJS 
awl &e tmderUjirq ash tase. 



PUMPHOUSE DRAWING N0.11 
asphalt 1 

215 x 150 mm r : 71~ t /",·, ~li;.";,o;~::,=,, !:;:,..,' ~:.:'~ J::""··~·.·~,·;.;;. ~--=· ..,· "i·I="-==..:..=;.;.;::=.;.;=.;=::..;.;=;.;.;:=+.~:::;:'T'' -'1150 

concrete (1·2:4) L-~~~~~~~~ 
Iabrie reinforcement -+-ffi---' 

T 
..- / ..... ..... 

8 26 x 2040 mm framed, 
I edged and braced 
daar 

asphalt d.p.c 

7 ' 1,(/ ', 
' 

/; 

' / 

~ 

ll 
675 x 675 mm c.i cover I ~ 

0 
0 
N 

N 

d.p.c 
and frame 1 "[ 

fabric rein to rcelil-••!,g,i"~~-·-~~-~: ~· ·~'·:.:* -s:.·~·:z;~:::;;:::::;;::~~·~·~: ~-~"~~~~~r~;..:-~··~.:-:· =·~· ;··a~15~od: 
concrete ( 1: 2 : 4 )1~~=~11<--+---' / ~ 

25 mm asphalt 
tanking ------+-ll-

/ 
/ 
v 

102~~~~----------~2~·-7~5~0----------~2~1~5~~ v 
v 

0 
0 
N 

N 

t (1 2 4) =~~~;~;~~~~~~~~~~~~;·~·~·~-~:~·~ .. -~.--:..~:~~~ 200 
concre e : : ·.<:·.: ·.< :·· 
concrete (1:3:6) 75 

one brick wall in 
class · B' cnginccrin 
bricks in English 
bond in cement 
mortar ( 1 : 3) ----1H+ 

metal casement win 
925 x 1010 mm with 
concrete rooting tile 
external sill and 
quarry tile internal 
sill 

P L A N 

154 

0 N A A 

SCALE 1:50 



Purn~well EXAMPLE I'X 

Earti'lworb; 
Bwtdir~gs of tk1is ~t~e are often 

Levr. wicttkt ef'!cor.mtered 01'1 civ1 e.rrsinee.rir~g 
add '21SO 2·100 
Wi"er waUs 2/'215 430 430 

col'lhucts1 where tne bUlk of the. 

asp. 2/2s 50 50 work Llil civiL e¥t~ineering. 
outerwa.Us 2/to2 204 204 Under CESMM the work ~ 

3·4:34 2·184 measured !VI accordarrre with --
depf¥1 class Z1 whim sets ouf iYte. rules 

2·200 for fk1e medsurement ofcarpemry, 
mnc.slab 200 joinery 1 firnsl7e8 and services, 

asp. 25 whil£ ifre. otner components are 
blindg.covrc. ~ measured iV1 aa:ordarrce wiftlthe. 

2·500 
rul£s prescribed ii1 fheappmpriate 

3-43 uen. e-xcavn.l rnax. sections) 5Uch as earthworks, 
'2.·18 depti'l: 2- Bm E425 covrcrete1 brtck.work, pipewort, 
2·50 painting and waf€I[Jroafire 11X1k. 

& 

DispoML of e¥cavtd. 
maL E532 

Preparation of e~.wvatetJ. surface 
3·43 Prepn. of ~cvtd. surfs. to receive COVlcrete blindt"ng. 
2·18 E522 

In stfu. coV!crete 1_he provt"sion CYf ins1tu ~ncre.te 
t6 separated fmn 1ile placmg 

3-43 Provsn.of amc.,des1~11Ed mix and mf!lsvred it! m'3wifh tV1e 
2·lS grade C7·5J cl to B 12, particulars rrormall~ extrncted 
0·08 20mm a~. to ~586'2j min. from BS 5328. 

cl.covr.te 2!0kg/m~(blitdg. Placing of blinding concrete rs 
measured in m3;giving tVle 

F213 
& appropriate thidiJiess range. 

Form work. is not measured to 
Plilc.ing of cone., mass lite edges of ihe blinding concrete 
b!indg. tftid:~ness: YJ.e. as :to not exceed 0·2rn 
150mm. F511 WI wi (rule M'2a of classG). 

9.1 
155 

Earti'lworb; Earti'lworb; 

(rule 

CESMM 



PU~ PHQU5E 

0·43 
2·18 

3·16 

2·53 
0·20 

(Contd.) 

walerproofg. 

To~. of asp. to upper 
surfS. tYicUned C1t llt1 L n.e. 
o0° to hor; mastic asp. t-o 
as 6517 ivl 2 caatgs : 
lhic~tless: 25rnm. W211 

In situ amcrek 
Lw. Ul i dfh 

2·1?0 '2·100 
add walls 'h.to 400 400 

o·teo 2·530 

Prov6n. af cone., desigVIed 
Wt4x grade Ct5, cl. tv !3G 1'2, 
20 mm Vj· to 65882; min. 
ct. cooke 1BOkgjm3 [base. 

F233 

& 

Plilcg. of covu;. maGS baBes 
& grd. slabs; tfrick.ness: 
t?O - ~oo wrwt. F522 

C<mc. crcce.ssories 

fuckwork 
girih 
2·150 

/
2·100 

2 4·800 
9·100 

add cornm4fzl'b 860 
- 10·%0 

9.2 
156 

7he. ~em description shalL 
state~ matericrle uaed CW~d1he 
number ~d -IV!ichress of 
corttirr[f or teyem (rule AI of 
da$ W). 
Separate U:ems are rd requira:{ 
for (J191e. fiUets a111d ihe U~e 
(rWe. ct). 

FoUow witKl the WI GihJ 
concrete bl18e slab1 cowrpriGirtg 
&eparaie provision and placing 
i&ms. 

Se)ect the appropriaie work 
dasstfiwtioYI from 1tre second 
division and 1.he ffricw~s 
ratrge framtlre tMird division. 

F~shing w top 6urFace. ~tile 
base slo.ti to d smomn fi~sh i5 
measured WI m2 staling h 
meAtlod to be used. 
It rs coneidered UMI1~eGaryiD 
deduct h area offirnenivrg 
UNJder the wal11;. 
Note fire method of obtrUni~ fhe 
~qU1 of wa»v measured. on r.t6 
cevltre fine. 

3·16 
3·16 

crcce.ssories crcce.ssories crcce.ssories 
crcce.ssories crcce.ssories crcce.ssories 

cooke 



PUN P HOU &£ 

10·56 

'2-20 -

9·10 
2·20 

I 1·5'2 
2·40 --

1'2 ·03 

2·40 -

(coma.) 

Err~ wk. claoo B to ro m1 
ivlvrg. bond i¥1 c.m.(/=3). 

Vut. st. waM, Mm. 
-/Nucmes5 : '215 mm, in 
composite waU to pumP9. 
cnbr. U?J21.l 

fuir facg. U~/6 

Wat€1wootg. 
ht. 

2·'200 
200 

2-400 

~-
10·560 

add woUs4{~ s60 as . 20 100 
11·520 

Tan.Kg; of asp. to surfs. 
iflclivr~d at cm L ex.rooto 
hor; t11astic 06p. to BS 6':>TI 
it1 3 watgs. thictnros: 25 mm. 

W2l?J 

Bric!NJork. 
12·400 

{l!ff14/I02 408 
- 12·028 -

&tg. bwk. claoo B. to eG?I121 
ik1 strel.cher bond ik1 c. m. ( 1 :a) 

Vert. st. waJJ.,, wm. 1Jticknere: 
!OM tttm, ~ aJmfJ06ile waU-
w pumpg. chbr. Voll.l 

9 ?J . 
157 

Each ~ldn of a cornpDBiie waAL 
sV!all be measur6i (rule M I of 
class U. 
Some additiooaL descriptive 
ivrformcttion has beev~ qive¥r as 
provided for iJ'! CESM~?J 5.1~. 

Dtt€rrra.L fair fare i6 meaaurl!d 
tv -fhe surface. iv! m~ 

No/:e build UfJ of di~6ions 
of a~a/J; ti1 wafk, startirr9 
witVI ilre girtl1 previouelij 
ro(culo;@ fcr-lh 2/flmm brrl. 
waU, ott iis cerlro line. 

It i6 rtecefBary to give rotir -the 
-!hic~neoo and fhe ru.mr~ af 
coati n~e of l18f*la11. tavri£inq, 
w~ch can vary btluJm1 
rorl1Dttful. !ltla verticaL rM{-irrgs 
(eoo r-We AI of dass w). 7he 
nm~e8 of llWJI® af ivldinatiort 
of -lfre waterproofed surfat:Ps are 
Ustro ivr -the 1J1ird division af 
class w. 

f3ricl:work items shaiJ iklclude 
the "Ujpes attd norm nat 
diMeNteiorrs of bricb or refer 
to if1e appropriate PJrit-ish 
&trmdarde [rule AI of class U). 



PUN PHQUC E 

Superstructure 
Floor 

[n srlli cone. 

:3·43 Provsn. of coYIC. des~ned mix 
2·16 srade Cl51 ct. to 65 I I 20rnm 
0·15 agg.to BS882j min. ct. 

co~evtt 24D~[m~ F233 

& 

Placer of COI'l.C. reinfd. susp. 
slnb; i¥tich1ess rr.e.l50 mm. 

F631 

CortC. ancilLaries 
fwk. fair fin. 

2·15 Hor. (uls of fir. slab 
2-lO G215 --

3·4-34-
2·184-

2/6-218 
\2 -4'36 --

12.·44 Vert. UJidf.Vt (edges of s~b --

4/ 
0·1- 0·2 m. 

0·66 ( ~~~s to cover -

G242 

CoVlc. accessories 

3·4-~ Finisng. of top surfs, 
2·18 steeL tmweL. G812 
--

9.4 

158 

(umtd.) 
The leadi ng dimensions are -tne 

fur ihe blindin9. concrete 
base of ihe pt.unpirr$ chamber. 

ng item descript1on must 
reittforce:f No d£Uuction if., 

1he arro (0-46m2) 

5ame as 
al:h 
!he plnci 
iVlc.Wde' 
made for 
occupied b~ tfre cast iron cove: ll9 

at exceed l¥le upper limit 
e void. as p~PSCiibed in 

Of dass G and pravidro 

it does n 
of C1 In~ 
rule 03 
for WI ru fe Mle of class F. 

Forrnwor k: ~ deemed to be to 
ros lll'ld tv exceed I· 22 m 
ess ottrerwise statro 

plane ar 
wide1 W11 
(rule 02 of dass G).The walL 

are i?.'i.cl.uded. surfaces 

Unear · items as Vlat exceeding 
de. o-2m wi 

It~ V!O t considered necessary 
smguish betweenitre main to di . 

hori-zo l'ttiiL surface C1fld tm sloping 
IJ.Yid 1Jre periphery. No surfaces 

deouctio n ~made fvrhopenirg 
rea does nat exceed as1Vle a 

0·5m'l( ruLe MIS of dass G). 

cover 



PUN D HOU pE 

'3-39 
2·14 

I --

lD-56 
2-20 --

2/ !0·56 
2-20 --

Col'l.C. aNtciUaries 
!2einft. 

le$5 3-4M 2·184 
cover z['l.o 40 40 

'3-:1~4 2-144 -- --
F®ric ~n ~ield stL., ro BS 3d Y!OWl. mass 
2- '3 kg IWI ) ref. A 14'2. 

6562 

C.i. Cl:Wer & fr. 

Cover & fr6 c.L. to 65 491, 
ref. MCl rz. 0/60 1 set ivl. 
COY!C. fit. slab. N999 

Bwk. 

E~. bw~. class B to 
B ~~2. t iv1 &Jg. bam W1 
c.m. (1-3). 

Vert. st. wa.U., nom. 
fuiclc.L'!ess: '215mm tn 
superstructure of pl.Lrnphse-

u :?'21.2. 

Fair fcg. 

9.5 
159 

U?l18 

(Cootd.) 
over has been allowed '20mm c 

lv-1¥!e fabric reil'lforcemerzt at 
s of -tne slab, but . 4fle edte 

e.xc.W ·n nq -ltte o~Ytq for wh1ch 
ctton of reinfb'h:ement 110 dedu 

~mode. 
llemdes criP.ftons for wqn qield 

fabric to BS4483 *ta.IL stw 
state&! e fabrtt: refere¥tce (rult 

es G). A9 of clo 
No d.ir edions for measurement 

class N of CE-5MM'3, given ivl 
so e.f'!Urn 
desc.riptio 
f:ohap 

eroted wilt~ o suitrilie 
n, indtldinq reference 

ippropriate British 
rd aM coded as 4.'5. Shmda 

Clirtf1 of wcill ovt ·!Xs cettfre Une 
u1rtted previousw for 215 

to pu~p wili.1ke 
C!ilc 
mrn wdll 
location of -!ile woti is iflci.uded 
ikl ~e d escription to Wldicate 

abO-ve !1 mu.nd i¥1 i¥J<tt i.t ~ 
accordavtc e wilt! ~-13.A~·ustmevr.t 

ork for iVIe door and 
will be made w~ 

of brickw 
windows 
meas u.ri VI 9 iilese componevtts. 

farr fuci¥1 Y1q ~ n rrosured to both 
ft wa.U. 1 w iifl-ltle centre 
fnrminq -lhe rnron of h 
d ou.t;,l~e measurerni'Mis. 

to be -ltte imeV!tion of 

faces of 
Urte~irfNI 
!Ktsr e avt 
!t ~Jecus 
Cf5 MB to measu.re fuir 

tri cl:: work, wY!A ch faci~~ t-o 
C.OVISIS 0 f -tfle poird:iYig Qnd CtJrefuL 

of -/Vr~ bri~1 ~~ rule ~ai1dLin~ 
Clofds s U states trot Lterns 

rL/ shall be deermd to 
afr fucii'IQ; inferrinq 
UJDit it~s do not. 'tt 
wever seem more 
describe -ftle brick waU 
fair and poivrted botn 

for rnasoVI 
W!clude ~ 
tltaf bri~ 
would no 
~ied.Lto 

OOW: 
sides. 



PUN PHOU~ 1:: 

Dpc1 Vlor., width: 215 mm 10 ·5,6 --
of asp. to B5 6?11 1 25 mm 
111. Iii 2 latJe.m . 

Uo82 

12.oof --
IVJ sifu cone. 

add 
2·1'50 '2 ·100 

waus 2/'2.15 430 4?0 
o' ~. 'l{ !l30 300 300 

:3400 '2 -e-,o 
'3·48 Provsn. of COVIC. desired 
'2.·80 mix grade Ct51 d:Jo s 12, 
0·16 20 mm ~·to !7S88'2J min. --

ot. cmt 2AO tg t W1 . 

F23o 
& 

Pw~. of coVJC., reitrfd. susp. 
stab i ihidness : 11:70-300 
~m. 

F-632 

Corte. anci Uaries 
fwk. fair fin. 

2·1S Hor. ( u{? of rf slnb 
2·10 u2l5 --

o-400 
2·830 

2 /e·oiO 
12·620 --

12·62 Vert. widikt (ed~ of slab --
O·l- 0·2 m. 6'242 

& 

Hor. 1 widt¥1 (eaves svff. 
0·1- 0·2 WI. G212 

9.6 
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( Covrld.) 

Damp-
mea sur 

proof courses are 
ed. as li V!ear item(} 

irn:specf 
deBCripti 

ive oF-!VIeir widitt a~d the 
on i6 to W!clnde the 

maferrw ClVId ihe d.ivne.¥1siOVI9. 
The pran e has beev1 addm uVlder 

3. rule S.l 
The su.b headi11gs act as siqn

d help Gillem to frt'td posm an 
-IN!eir w ay -tWousn the dimf¥1sions. 

The roVJ crete, io separated info 
items of provision and 
In determining ttle 

iheiwo· 
ptocing. 
ihicb'les 5 mnae for prn.~na 1he 

ihe varyinq tvuciness 
to 11fJ mm nas to be 

i.vitD account. 

coYlC.f'cle' 
of l'jO 
tctke¥1 . 

Unbrok 
of pump 

ert area betweeVI waAls 
muse finished to a 
surface to ~ive CL 

ctory appearance. 
smootf! 
safisfa 

Livrear · Item as not exceedi n~ 
ide, bt.d: distineuishmg 
-t.W8e iVl horiwnta~ 

rficaL planes. FUrntina 
ves on fue soffit ~ 
sured (rule M '2 b af 

0·2rt1 w 
between 
and ve 
i#le groo 
not mea 
class G) 

cmt 

s 



PUM P HOUS E 

Covtt. accessories 

:3·48 FW!ishg. of top siJSf., i~. 
'2·93 trowet. G912. --

umc. anuiUnries 
f2.tin.ft. --

less j-480 Z·~M 

cove.r '2/2o 40 4{) 
----
3-440 '2·190 ----

3·44 Fabric hleh ffield sH. a. b. d. 
2-19 G%2. 

3·48 ~oofg. asp. upper surfs. 
2·83 WJclined at avr L n.e. ~oo -- to ihe hor.; mastic asp. to 

B5 6'?Tll¥! 2 coafgs., 
-/mchtess : '25 mm. 

W3ll 

Door -

\ Dr., wrot. swd.1 frd.1 led&ed --
& .braced 1 S26 '1.1040 Y. 50 
mm in., as specfrl. claLtse -. 

Z313 

9.7 
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(Corttd.) 

measu 
method 

red ivr WJ 2 sfuking the 
to be used . It ~ nat 
~ to state Htal ihe 
~ slqJing. 

rteces~ 

surf are 

Note ikls erhon of basic 
calrulati OtiS in waste OS We. 

irnportanf part of the form an 
tahklg 
1 abd' (a 

off procedure. The l.dters 
s before de:;cribed) 

eli min at e -/he need for fhe 
repfkitio n of full descriptions. 

The it e111 description shaLL 
state-it e materials uBed and fhe 

and ikickneoo CJf roaiirrys 
(rule AI of class W). 

tti.Urtber 

~~ rn i6 deemed to lllclnde 
g s~ces1 forminq joints, 

mitml, oo,qles, filhfs, 
roses (Jfld ~ing to 

cambers (rule Cl of dll'3s 

preparivr 
overtops, 
built- up 
faJJs or 
W). Wh 
are r6lui 

ere protective base IatJers 
red 1 -IY!ese are mrosufFd 

eiH as W4-**. separlit 

The des crip+ion shcill mdJJde 
of -lile door (rule A8 
Z). 

1fle size 
of class 



PUMPHOUc E (Cnntd.) 

H W!des 1 pressed stt tee, 
Doors cmd Iron monger1 items 

2 are deemed to !VIcil1de ixitrg 
'30 mm ~- (ruLe C'2 of class Z) 1ancl 

1.34-1 mcrferillls shall be stated ~ 
item descriptions for i.rovr-

Laic¥11 ~y;under rim 
mongery (rule A9 of doss z). 

I Alkernofiv~doorn attd_ tYieir -
ftigVtt, rue 77. associated mes ood tmr1-

Z343 »1DI18€l'Y mvr be combined ii1 
si~!e cornpreil~sive items 

add 9'26 ( fu note on p. l03 of Cf:SMM3). 
tr.iess reb. 2/62. l24 -

9'30 Build 14.p of overall. dimensions 
add 2·040 of door fmme li1 waste. Trless reb. 62 

2·102 

Dr. fr., wrot. swd., 112 1-15 The door frame ~ enumerated 
mmd reb. x 2102 't. 9?0 rntr eiving ihe sizes (rule AS af doss 
ov' . 7.). A lferttaiiv~ ,-/he item 

Z314 description could refer to a. 
dmwi11g. 

Pointg. 
Pa.!·miYJg ~ me1sured iNJ 
accordcmce wiHI dass V. Paitftittg 
to door surfaces wilY! iftree. c.oafS 

2l of oU. pairtf arrd W!cluding 
1-

I( ps & @ oiL paint otl 9/ 0·53 prep~ration wort of knolfirrg, 
2-04- f:br. surfs. rN!cLiV1ed at an prittU~~ and 5toppint(rules AI 

L e'1:. 60° to -!Vre V!or and A of dass V). o 
lctr. surfs. distinction ts mdde WI CESMMo 

between paittl:rng tfrtm1dL and 
V?/2.3 etW'naL su.rfuC£s. The timesing 

fad:or of I~ mates dllowattce 
forfJ1e painting of edses to 
frnmes, ~es and braces of -/he 
door. 

9.6 
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PU~ PHOU< E 

sj 
5·06 --

2/ I -

1/ 0·90 
0·20 --

2/ 0·90 
0·15 -

2/2/ 0·93 
1·01 --

'0'26 
2/2·040 4·080 

add aVIg !es 2{75 1'50 
5·056 

k:pB &® oi~ paivul: on tbr. 
surfs., widfft n.e. 300 mm. 

(dr. fr. 
V32-6 

Wdws. 

Wdw.,sn., not dip gatvsd., 
srze 9PJX 1010 mm to 
135 6?101 as specfn.danse-. 

Z3'2.1 

G~zg., stand. plain ~lass, 
dear f!oat1 vrom:t»ic ness: 
3 mm 1 to B5952,to st~. 
wdws.hd. w. met. puity 
& mi. clips . 

Z3SI 

Pflintg. 

Pritr~e & @ oil. paim to 
met. secbts. of wdws.(mesd. 
pane al'i'a on t>.s). 

9.9 
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(CoVlkd.) 

B!Wd 
Une of d 

up of lwgtll on c.el'ltre 
oor frame to be pai vrl:ed 

e. The Wlternal Clf!d 
work ~ executed and. 

Iii wast 
eY.i:ernaL 
measure 
ru sri Y1S u 

~ separatehj,_buf ~nat 
1shed LVI fi?e. ilern 

descripti 0116. 

met£U w indows are e.trumerafed 
givirr9 
deemed 

-fire site.lhe items are 
to tflcl.ude flti119, supp~ 
mrnponents and. oF ft~ivrs 

drilliytg 
work (r 

and wifing af associcrlro 
uJe C2 of Class z). 

6krz:in 1q item descriptions 
state ihe materiaLs, -~heir 
aL iUckrless and method 

5VlCLLl 
110WUY1 

~.q and securing ftlt of glaziYl 
u1e AIO of class z). glass (r 

1l1e pa.i 
wiVIdows 

V!f:i ng to H"le metaL 
~ !nk:eNl M metaL 

sed: ions 
ttot clear 
wl1dkler 

WI vn ~ aiiJwu 9 n it is 
from CESMM~ dtJtn 
H-tis i.61Jle Wrte¥Jdro 

approoch 
~given · 

Additio11aL !VIforma.tion 
IV! accordaVIce w1'tV! 
distinction i6 made 
thlentcd dttd edema~ 

5.13. No 
between 
palvtiirrg. 



PUM PHOU5 (CMtrl.) 

At!jusl-mevti of dr. & wdw. a~. The brickwork a11d fair fac.it18 is 
ckdur.ted for h arer15 occupieH 

add ~meL 
A_ UJdW5. b~ ~e doo~ wirrdows and Untels, 
9?0 925 as -lh:tj eac¥1 e:t.ceed 0·25m2W! 

beargf>.'l{IDO 200 200 arat(rwe M'lofclas~ u). I· t50 \·1'25 ---- 1he abbreviated 'dd! ~is 118ed. 

Ddk. vert. st. wdU, nom. 
fr~uent~ for deduc.C,Cllo~ ~i~ 

0·,5 ma~ ohr sfaktdard. abb vratiotls 
2·10 /hlcktress: 2\S mrn ivt ~r.&fr. Uste ifr Appewux I. . 

2/ 
e.Hg. bwk.a.b. U?21.2 lhe location of eac.h ltat1 ~ 

0·93 show11 clea11fj iVI waste. 
1·01 (rudUJs. 

I· 15 

0·15 (Wet todr. 

2/ 1·13 

0·15 ~·t!kelsto 
wdUJ5. 

2/ O·~S Ddt. fair facg. The ~a!Yie areas1 trv_ice t(mesed, 
2·10 (dt. &ft.. ot£ deductPd for furr facing, to 

2/2/ 
U3lS cover boill!kttemcxL attd erlernal 

0·<]3 fuces. 
.J..:Ql (wdws . 

2/ 1-15 

O·IS (UMhl tudr. 

2/2/ 1-13 

0-15 (utttels to 
r.odiLIS. 

9.10 
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Precast r. c. Uvtel ~ to ll'Ux 
of 1: '2: 4-[ '2.0 rnm a~9. reiVtfd. 
w. 2nr.11tttm m.5.oars. 

I Li l'lkel1 lt;O" 2tS-,.: ll ?O mm -
~- mass: rr.r-. 250 kg. 

HI I \.I 

I Livtttl I 'X! 'f.. 215 X ll251ttm - l 

~g. i »Ht5S ; rt. e. 250 IL(J. 

H lll-2 

2/ 2·10 fair facg. 0r. reveals 
0-10 --

2hht 1·01 (wdll). reveals 
0· 10 --

U?le 

Surf. firnshes 

2( 0·93 Wdu.J. stU. '£.-d:, 2 cos. of -- co11c. rf8. fil-es, 26mm totol, 
tl'!Adt.VI€SS j wid-f.Vt : 110 W!l'l'l. 

14'2.'?.1 

& 

Ditto., im:., day quarry 
tiles 1 IS mm -!Yt. i widtNt: 
lljO mm. 

Z425.2 

9.11 
165 

leovttr!.) 

The li Vlf€ls have bB?¥1 measured 
IV! ac.co rd a vrce with -/ire rules ·WI 

class H for p~cast coocrete 
beam~, a~ bel~ h mosl: 
appropri rrke itmt tlltd givi~ -the 

tttion of 4-;e COt1crete as specific 
ru.le AI and ihe pri11clp¢L 
dl~ai 0116 118 rule A4 of claae H. 

items are deemed ro PreCllei · 
!Mclude reiVtforcemevtt, form

i~ a11td fi~shes (rule 
fla.s-z, H). 

worK.1Jo 
cr of 

Fair fa 
attd win 
Wit1dOWS 

ce, is measured to door 
d.Dw re.vealo ik1 m ~ The 

have reveals fi 11ished 
bcrltl W!terna.l.Uj and 

tillJj , atr d hm ce fVIe 
fd.irface 
erlern 
odd.itio 
fulo. 

11dL timeeing factor of 

1he tile 
~eNI[Jf¥1 a 
?100 mm 

siJ./.5 are measured by 
s ~~ do t1ot e.y_cw:J. 
w1de, a~d H'le iiern 

descriptl ·ons sha.U fvlciAJde lile 
aL 1 surfuce fit1isn where 

CJJ:e, at1d fiYLiShfct 
mdt€J'i 
appropri 
fuicb1€S s ~ule All of class z). 



9 Measurement of Piling 

Piles (Class P) 

Some piling activities are very appropriately covered by method
related charges. For example, the transport of piling plant and equip
ment to the site and the erection of stagings can be covered by fixed 
charges and the operation of piling plant by time-related charges. 

The rules in Class P aim to obtain a set of prices for each piling 
operation, which will lead to equitable payment in the event of varia
tions. The bill items relate to groups of piles which are piles of the 
same type, material and cross-section in a single location. On a small 
contract all the piles might be regarded as in a single group. 

Two or three separate billed items are generated for each group of 
piles by the classifications in the third division, depending on the type 
of pile. They embrace the following elements: 

(1) number of piles in a group to cover the plant and labour costs 
involved in moving the rig from one pile position to the next, 
setting up at each position and preparing to drive or bore; 

(2) length of piles in the group, covering the material cost of the piles; 
the concreted lengths of cast in place piles shall be measured from 
the cut-off levels to the toe levels expressly required (rule M3); 

(3) total depth bored or driven; raked piles shall be identified in 
the item descriptions and their inclination ratios stated (rule A2). 
Items for piles are deemed to include disposal of excavated mater
ial (rule C1). 

The pile materials and section characteristics shall be given in item 
descriptions; section characteristics being the diameter for cast in 
place concrete piles, the cross-sectional area for preformed concrete 
or timber piles, and the mass per metre and cross-sectional dimen
sions for isolated steel piles. 

With interlocking steel piles, the number of piles is not stated. 
Both the driving and materials items are measured by area, found by 
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Measurement of Piling 167 

multiplying the mean undeveloped horizontal lengths of pile walls by 
the depths (rule M7). The additional cost of corner, junction, closure 
and taper piles is covered in linear items (rule 07). 

Rule M1 establishes the 'Commencing Surface' from which piles are 
driven or bored, as the surface adopted in the Bill of Quantities at 
which boring or driving is expected to begin. The measurement of 
cutting off surplus lengths or adding extensions is covered in Class Q. 

Piling Ancillaries (Class Q) 

Work incidental to piling operations, other than backfilling empty bores 
for cast in place concrete piles, is only measurable when expressly re
quired (rule M1). Hence work undertaken by the Contractor at his own 
choosing will not be reimbursed unless it is covered in rates for items 
outside Class Q. Items for piling ancillaries are also deemed to include 
disposal of surplus materials unless otherwise stated (rule C1). 

Work ancillary to piling is classified by pile type and size in a similar 
manner to Class P, for identification purposes, but ranges are used 
instead of actual cross-sectional dimensions. Cast in place piles may be 
concreted through a tremie pipe where water stands in the shaft, but 
this does not require specific mention. 

Where the base of a cast in place pile is to be enlarged, the diameter 
shall be stated (rule A1), although the price will only cover the cost of 
the extra material around the shaft previously measured under Class P. 

Pile extensions are measured in two items: 

(1) number of pile extensions, to cover the cost of preparing piles to 
receive extensions and of making joints 

(2) length of pile extensions to cover the cost of material in them, 
subdivided between those which do not exceed 3 m and those 
exceeding 3 m, and including the material to be used in the item 
description (rule A6). 

The driving of extended piles is covered by Class P. Preparing heads 
of piles to receive permanent work is enumerated, while cutting off 
surplus lengths is taken as a linear item. 

Removing obstructions (Q7) is priced on an hourly basis for breaking 
out rock or artificial hard material above the founding stratum of bored 
piles (rule M11). It is measured only when expressly required, when 
the Engineer can maintain control and keep records. Extraction of piles 
is classed as non-standard work, since it is not listed in Class Q, and 
suitable codes will be Q 3--6 9 *. 

Note the pile testing items in Q8 differentiating between loading 
tests and non-destructive testing. 



168 Civil Engineering Quantities 

Worked Examples 

Worked examples follow covering the measurement of concrete and 
timber piles and steel sheet piling. 
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DRAWING NO. 12 

200 mm concrete (1 : 2 : 4) 
decking reinforced with 
fabric reinforcement -------, 

6. 000 

reinforced 

L.W.L. 

0 
0 .... 

300 l 300mm 
grccnhcart fender 
piles at 1·800 
clntr.s- - -

• 450mm 

300 x 300 mm reinforced 
concrete piles at 3·600 
centres 

SECTION 

CONCRETE AND 

SCALE 

SAN 0 Y 

GRAVEL 

THROUGH 

TIMBER 

100 

170 

QUAY 

P I L I N G 

100 



0 
0 
0 

... 

0 
0 
0 

0 ... 

DRAWING NO. 13 
3 ·100 

t 

PLAN OF 
I 

n .. isting stocl 
shoct piling 

bonk 

new steel 
shoct piling 

0 

i 
I ;r,-1 
1 I r:-375 137Smm 
1 ;1 I reinforced concrete 
1 1 1 poles 

L.4~J 

:f: 
QUAY 

+--reinforced concrete 
decking 

300 1 300mm 
reinforced concrete 
piles 

+"- 300 1 300 mm sleeper 

300 1 300 mm lender 
pile 

SCALE 1 : 100 

H.W.O.S.T. 

+------tr- steel shut piling 

L.W.L. 

SECT ION 

7· 500 long 

SCALES 

PLAN 1:500 
SECTION 1:100 

S T EEL SHEET PI L I N G 
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CON CI2..£:T E fi.NJ 
(lOS WI L&tytt 

Prefor 
con en 
da.use 
:;, Ora 
"31!; )( 

WI din 
&urf. 

olj 2. -

~1/2/ 
9·66 

31/2/ 0·00 

31/ 2 -

itMe,EQ.. PILES TO GUA II E'XAMPLF 'I. 

of ~uay takeit) 
PILE& 

mro pi/.es as aJJau SUDfJOrf. 
J:e grode C2!; as ~eciftca:tfon 
2s ·2; reit'lforcettWi as deml~ 

tpinq JS/o cea 0·1- o -I!; m2 

b1t> rnm driwl1 on ralt.e at arr 
~on of 75° WI ollire w. Comfrra. 

v 

HW05T. 

3·600) IOS·OO 
00+1 

e~oBed ten. 9·150 

a aforstr! 
ena&ClltWI . 
to Jtile cap & d 

600 5 12. 
10-~50 

~r. crf piles, Levi. 10-'~6m 
lklc. m.s. driv9. P341 
Vrds. & shoes. 0·'300 

~-200 

2 )11·150 
8·67.1 

DepfS'r driven. PB.f-2 

PiUng A11c.i Uaries 

Cuiltg. off surpiJ.fs £ms; 
315 x o15 mm. 

Q?i14· 

Prepq. heads ; 31fJ x B1f7 mm. 
Q~84-

10·1 
172 

Adopt a IDgicol sequet1re riJ 
'toking ol( such as aJt1CI't1E 

the 
pile; 
mber and caps, cotmle drl.ing, tr 

pi.lee and ~ to tMe emlxJ 
A66uming this i6 t:tl1 &tldeperr 

ttknlettt. 
dern
have 
wrk 

~· of cpx:ry. allowa11ce wiD. 
to be made furhadditiorraL 
aJ: ire far errd of h quay. 
Dividing h totDL ~ by 
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number of pilm ( ~~ pairs of a 
~1Bmm pitts). 
ihe pile, ilem thsaipfiona sh 
tildude-~e. matertals (n.de. A 

aU 
1), 

!tlclittation ratios of cnttf raki 
(rule A2), structure tv re 6 

ng pile; 
uprxrl«1 

[rule.Pr3). 
ce& 

and the Commet1cirt] SurftJce 
Prefortmd concrel:e pile [Xi 
iNrctude rtimorrement, cha mfem1 

conrw, fupell'd toea, tmAJde, sroee 
"ptton artd relaf(t{ items. The deacrr 

illcludes ire cross-GE'dionaL 
dimette£ons or dAamm of pf~ 
(rule. M), ~lm of lire c 
seclront.t.L arra awl diameter 

IDQ;-

rarrgm 
givEr~ !VIlhe GitOrld divfsfon. 
The CD6t ri provisfon, uoo an d 
te~ttovaL of a driving rig wUl 
probably oo covered by 11tei*r 
related clra~. 

od-

foUow wHir any piling attci 
tit {Wg e< otttpte a Unear it 

Uariee; 
em fur 
tmd 
~ring 

cuHi ng off su.rpiJJs ltMgffts 
11tt Wtumemted item for pre 
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CON t2.E:TE. AND 

Proo 
C.OrV 
clau61 
4Dn 
OOO'f. 

?Jt/ I 

?Jij 
5·10 

olj 0·00 -

olj I 
-

olj 1·20 

0·90 
0·46 -

31/ 0·90 

0·60 
0·46 -

T\MeEI2. PILES TO QUAY 

m~d oifes as qya~ suwort, 
~ a rode c '25 as Specification 
26-2; rei~force.rnevtf as detaiL 

winq J~?J csa o ·05- o-1 m1 

000 rnm w. Comma.Surf.HWO!jT. 

8-500 
600 

9-\00 --
Nr. of piles, l.e¥1. 9·1 m 
iklc. m.s. drivg. 
Vtds. & shoes. P331 

Depth driven. P~2 

Pug. AncA Uariee 

Cuftg. off surplus tws; 
ooo x ooo mm. Q31o 

Prepq. heads j o00"1. 30Dmm. 
Q383 

IN 5\TU CONCI2.ETE 

Pile ca~ 

Provsn. of coV!c; designed 
mix 1 grade Cl'5, cA:. to BS 12, 
20 rnm a~g. to BS 882. 

FIQ3 

& 

P~acg. of co~. r€infd. pile 
cap5; ISUcknre5: W0-5oomrn 

F623 

\0.2. 
173 

(umtd.) 

start w· 
mcomp 
U5tffi iN! 
(1095- 6 

the CJOOS 

Nil a svitable hrodlllg 
aoo,.,g aJJ, !lle particulars 

cli1es P, Wlcludirrg the 
ectforr aL !lfff1 rattge and 
-smal dirtW~sions. 

1he. oOO 
~O(l. 

arro ran 
pi~s [ -lh 

x -ooo mm piles fuU 
d.iffue¥rf CJOBS-sedioriCt 
fJ€' ttrclfl fhe '315 X 1J{fllt11Y1 

e r-Pspe ciive erose 
sectionaL areas beirrg 0·14-larrd 
0·09 nfl) 

FoUow 
as with 

Provieio 

wiH1 piling lltlriUarie5 
-fhe 315 x 316 mm pile&. 

n ood placing of 
are aeparatm. COVIc.reie 

Pil.e caps are tklcluded ill ttre 
orrd division 5ame sec 

classtfi cation as ba889 and 
tuttd sf 

ctn 
!JOO, and the apprcpriate 

e69 mt~ge mu~ ~ I¥ICittdtd 
item deacripfion. i¥r h-



CON~RETE AND 1 TIMBER. PIL£5 iO QU ~ y ( Covtld.) 
Ciont. a11ciU.aries Wro~.U: forrnwork. has beet1 
Fwlc:. fair fi11 j ~iJ.e Ca!?E measured to-the piLe caps as 

31/ \ ·20 Hor. widfu : 0-4- 1·22 m. -il1EY wiLl be etposed . 
O·'JO (soffs. No a~ustmertl has heett made 

31/ 0·90 6214 for hrods of pifeg or ihe cufti11g 
on form work arowd -them. 

0·60 1·'200 900 
Note build up of lektgfVt of '.2 900 600 

12·100 2/1·500 trtd()5irtg formwork. ill waste. 
4·200 3·000 

The side forms are mea9vred t¥1 
31/ 4·20 Vert width: 0·4- 1·22m. m2as ~eg ~ceed 200mm wide. 

0·4? 
(sides 

'31/ 3·00 
0-45 G244 

12.ei.vtforcemefi 
ms liars tO 554449 

4tl.f. 25mm re.ittforcitrg bars less 1·'200 ~oo 600 
cover 2/4{) ___].Q_ ..1.Q _jQ have bee¥! ~€1! 1ft earn direction 

1·120 S20 520 
to ea:c~ pile Cllh" tleit'lforc.ing 31/4/ 

------
1·12. Diam. 25 mm. bars are d.assi ied if1 ihe 

31/4, O·S2 diameters Ustert i¥1 the tktird 
31/4 O·S2 division arrd measured in tonnes. I 

G517 
31/4; 0·52 

f2.c. dec.ldn~ 

\OB·OO Provsn. of covro; des~ ned. FoUow with ~nforced concrete 
o·OO mi't:ade ClS1 ct. 6512, decki»g 1 ctdopting -tile same 
0·20 20 agg. to BSS82. 

sequevtce as for the pile caps. & F233 

PklfS. of cone., reinfd. eusp. The placing item di~l~ui<;,nes 
stab 1 thrchress: l?(h300 mm. bttwW1 mass and. rei orced 

F£32 covrcrete arrd -!he relevcwr.t 
Less 108-00 6·00 ihid:l1ess runge must be 5tai:ed. 
cover2{2D 0·40 0·4-0 ----

101.60 6·60 

rleiVIft. -- --

IOlGO fabric ni~h ~ield rejnft. to Fa.bri c reinforcement V3 
5·60 B54483 om. mass mea5ured in m7 giv~ 1tte 

2-?Jkg/m 2 ref. Al42. fubric refemrce a <a ~ A9 of 
J G%2 

class G. 
10.3 

174 

ct. 

om. 



CON Rf:1E ~ND lME>E-R PI LE·5 10 QUAY 

CoVIC. at~ci Uariet~ 
fwk fuir fin. 

\0800 Hor. 6216 
6·00 --

ol/ 1-20 Ddt. di«o. 
0·90 -

~ile capB 31/ 090 

060 
0215 

-

2/ 
\0~ 00 vert wid~: 0·'2W1.(edgee. 

2/ --
6 00 G24'2. --

1\MBt.R. 

Hwd. c.om(!QV1evtt"& 1 csa 
o 04- o 11M2 ; wrougktfin 
& d1fd. ~r edgeo 

10e-oo 300 x ooo mm greeVlheart, --
len: 3-s m; sleeper. o 140 

I '200 ) ID~·OOO 
3Q.±:.L 

flittge &_fasW.g& 
galvd mAid steel,. 

91/ I Bolts; ~P.¥1: 500 mm, diam. 
2B mm. 0540 

& 

Pl~s; Boxwmm1 

-fh(dmess: 6 mm. 0550 

PI LEo 
Ff.w1 er ellre 

adcUf¥1.tn ben~ed 6·100 
&removed after ·vmg~ 

l· 000 

l·SOO) \09·000 
60+1 

10.4 
175 

(Contd.) 

Ao 1tle. widtn of fV!e deciLing 
exceede 1 '22 m it is f.U1~ ecesGary 

a width of form work.. 
on9 are made for IJ1e 

to state 
Deduch 
area af pile caps a& eac¥1 e:xtrros 

rule& M4& D3 ). 0·5m2 ( 

The fo rm work to iile roges af tne 
~ mrosured as a linear decit.1ng 

~em. 
formwo tt. to temporory surfaces, 

col'/stroction JOIV!fs, atfflt sum a0 
d.Jscrefcto 
VUJt rneae 

n of lhe Covrtractvr, 15 

ured separatfhj (rule M2c). 

It~n-e CR.ssary to state lite 
I'WflttH'l 

dimW&I 

a.L gr06'0 croes- sectioVJaL 
ons, grade or speCAes of 

a11d ~ impregnation 
ewt& or speciaL s urfu.ce 

l¥l ihe item descrwtion 
of class 0). 

timber 
reqvirem 
firn&h · 
[rule AI 
COe.para 
for fixi11 

te i.tekl-16 are not requirEd 
g timber cnmponevis,or 

vr9, culting aYid joivrhng 
of etas& Of. 

far bori 
~ule Cl 
1he s~ eeper is fixed at I '2m 
ce.vrlre.s. The material&, twpes 

es of fittings and and siz 
fustevti 
~md 

~gs sha.U. De otated iN1 

ruivfion5(rule Mof 
crass 0 ). 

calcul ation of itMgfh ood 
rr~J.mber of timb:r piles WI waste 

der piles WI each 3·6m 
of ~uay ) . 

(two fen • 
after 



CON ~R.E1E AND 
Tfmt 
000) 

&urf. 

61/ I -

61/ '2·00 --

61/ 0·60 -

61/ _I_ 

61/ I 
-

{j 106·00 
5·10 
1·~5 --

\OS·OO 
9·30 

Tl M~ER PI LE:S 10 QUI 

~ fet1der vil€e csa 0·05-0·Iwfl; 

ooo mm ~reerrrreart, w. Corn~. 
I m above HWO~T. 

Nr. of piles, ~: 7-om; gwa 
drivg. nd. & shoe as defuJL D 
drg. FG.f njc. P631 

De(lfJ1 driven. P632 

Pug. a+1 ci Uctriee 

CuJ:icj. off surplns [ens; 
~oo 1. ooo mm. G413 

Prepctrg. ~eads i oOOy. ooomm. 
Q+S~ 

Bo ltG gma i Lev!: 000 m m, 
diam. 'l.fl mm. 0540 

& 

Platea gtrl8 i 50xOOmm, 
Ulicbwoo : 6mm. o 500 

EA 12.1 H WOR. K.S 

Work to Embatltmetlt 
tti!MI'I~ beloW hull. 

f~g. to em/xmhnent1 

!M1ported rock. (d11lAkfil1g. 
E621 

Prlching. !Wrportro rocK; 
i!Ackt!e8s : 000 mm, at L of 
100 to 4tjl' to ror. E64-1 

10.5 176 

lv (Co vrlz:O 

The meas ure.mettt of timber 
ws iile rome. procedure 
eformEd covraele piles. 

piles foUo 
as for pr 
Dffu.i 1.5 of driving heC1d& IWld 

hal.l be Gfuted in itPm 
ns for-/he Yt.Umber of 
A6 af cl11B5 P). 

of srwe.& s 
descriptio 
piles (rule 

FvUow wi ifr pilirrg aVIGiUariee. 

The vo/lr, 
relevant 

are evlUme~atm Uiving 
particulars ae rule M-

of closa o. 
This i6 as suming no greai 
variation lf1 h cr(}65-secliot1aL 

f!Uing .In prodice. area of -ffre 
ifre vo/.um 
c.ornputed 
seetions. 

e wooJ.d normally be 
from a number af c.ross 

The-trioog ular cross- frlionaL 
ainfd from' give CUtd 
drawn across file 

area i6 obti 
take' Unre 
bout1darie 9. 

Boitt ik thickness and the 
e pitdtiwg are to be 
es A 13CU1d A 14- of 

slope of-IJI 
9to:ted ( rul 
class E). 



STE EL o\- E E. T 

lmfJ 
tupe 
1150 
abov1 

2/ 1-50 

l-50 -

IOS·OO 
1·50 --

\05·00 
T?O --

10 h 

PI L\ N G 
( ~ ermt:mettt) 

lcc~a. steeL vrles arelde -
- section modi.Uua 
wr3[m, Com mg. Surf. 900 mm 
HWOST. 

Lw. of Juwdn. pileB; 
COttl'!ecln. to xig. P901·1 

Lev~. of wrner piles. 
PB:?I·Z 

90·000 
lo·OOO 

\0'5·000 

DriveVl a~a. PS'0'2 

Area of piles of ~efl : n.e. 
14 WI j ireated w. 2 cts. of 
bitumeN~ pai Ylt. PS?Jo 

Obstructns. 

8reakB. out rock. 
0.100 

II. I 
177 

EXAMPLE: XI 

The section refereNTce or mdoo 
per metre lltld sectraVT modulw 
are required for r.flterwcking 
steeL pilea (rule A 10 of daoo P). 
The Commfklcinq SurfrJ.ce 
&nvwid aloo be sflrt«J (rule- Ml). 

Co mer1 Junction 1 clo6ure at1d 
t-ape~ piles are cW66ified as 
vpeciai pil~s llt'ld rnea6ured as 
u»ear item a ( nde D7). 
It is rreces6 ary to add suff(xeB 
to tfre, codes it1 iflese, cases. 
The- driVe.¥1 area 1.6 measured 
5eparatWj from1J1e tutal arm 
of piJJng wmputed W1 

ac.cordrmce wiitl rule M 7. 

iffis worft. is meaeured by 
time to provide an opercrfi.;e 
rate. 



1 0 Measurement of Timber 
and Associated Work 

Timber (Class 0) 

The rules for measurement of work in this class cover timber compo
nents, timber decking, and metal fittings and fastenings to the timber
work. The timber components are those used in permanent civil en
gineering work such as jetty timbers and fendering. Carpentry and 
joinery work to buildings is measured in accordance with Class Z. 

The approach to the measurement of timberwork is straightforward 
with decking measured in m2 (void allowance of 0.5 m2) and compo
nents by length (m). The nominal gross cross-sectional dimensions or 
thicknesses (unplaned), grade or species, impregnation requirements 
or special surface finishes shall be stated in item descriptions (rule A1). 
In addition, the structural use and location of timber components 
exceeding 3m in length are to be stated in item descriptions (rule A2). 

Metal fittings and fastenings are enumerated under the categories 
listed in the second division, and the materials, types and sizes of 
fittings and fastenings shall be stated in item descriptions (rule A4). 
Separate items are not required for fixing timber components and 
decking, or for boring, cutting and jointing (rule C1). 

Miscellaneous Work (Class X) 

This class is concerned with the measurement of fences, gates and 
stiles, and drainage to structures above ground, such as gutters and 
downpipes, and rock filled gabions. Gabions are wire or plastic mesh 
cages filled with loose rock or crushed stone and common sizes are 
2 x 1 x 1 m and 2 x 1 x 0.5 m. They are used extensively for revetment 
and linings in sea and river defences. 

Item descriptions for fences and associated work shall give their 
type, and principal dimensions, and also of foundations where 
appropriate (rules A2 and A3 of Class X). Fences are measured as linear 
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Measurement of Timber and Associated Work 179 

items and gates and stiles are enumerated. The height and width 
classification ranges are for coding purposes only, and actual heights 
and widths will be given in item descriptions. Fences erected to a curve 
of a radius not exceeding 100 m or on a surface inclined at an angle 
exceeding 10° require specific mention because of the additional cost 
(rule A1). Items for fences are deemed to include excavation, prepara
tion of surfaces, disposal of excavated material, upholding sides of 
excavation, backfilling, removal of existing services, concrete, form
work and reinforcement (rule C1) and also end posts, angle posts, 
straining posts and gate posts (rule C2). 

Gutters and downpipes are measured as linear items, including 
holderbats and brackets, but fittings such as bends, angles, stopends, 
outlets, swan necks and shoes are enumerated (rule D3 of Class X). 
Item descriptions shall include the type, materials and principal dimen
sions of components (rule A5 of Class X). 

Item descriptions for rock filled gabions shall include the particulars 
listed in rule A6 of Class X. Rock filled gabions exceeding 300 mm thick 
are classed as boxed gabions and those not exceeding 300 mm thick as 
mattress gabions. 

Worked Example 

A worked example follows covering the measurement of a timber jetty. 



DRAWl NG NO. 14 TIMBER ~ETTY 
guord ro i l of 100 1 
100 mm gree nheort 
with posts ot 1· am 
centre 5 and wfth 
holved ond dowe lled 
joints 

150 • 300mm 305 1 102 mm r.s. 
hor izontal rubbin<;~ chonnel 
p iece < stt wd ) ---)t":J"----------t===l~~ 

2no. J05 1 102mm r.s. 

H. W. O. S.T 

300 

CROSS 

225 1 150 mm 
brae• 

0 
0 ... 

v 
SECTION 

p L 

v 
THROUGH 

4 · 300 

A N 

180 

chonnels bolted to 
pi lc with lno. 20 mm 
bolts 

300 1 300 mm grun 
heort p iles, 9m long 

152 1 152 1 200mm 
long 1 19 mm !hid 
elect . bolted with 
20 mm d io. bolts lo 
p il e 

300 1 JOO mm 
horizontal green
heort lender 

J E T T V 

300 • 100 mm r. s . 
channels over 

300 1 JOOmm 
<;~rnnheort pile 

150 1 JOO mm 
hori zontal 5oftwood 
rubb inQ p ie ce. 
tilled betwcon 
verticot rubbi ng 
pi•c:•• 

300 1 150 mm rubbing 
piece (softwood ) 

SCAl E' I 100 



1 I MlH:R J 11Y (92 m lerrait) 

21/ _0·6_0 

21 I 2 

-v 

PIL'f:S 

TimUv Dllea s!A.f)porta .. ietb.l coo 
0·05- O·l m2 · 300~ ~oo mm 
areeA hertrt w. Comma. SurF. I·Wm 

abov HWOST. 
4·600 )cn.ooo 

20+1 

odd 1!'1 for rinaitt9 ~ 9. 000 
f'BitiOVUN alftr dt'fVI'9. _.MQ_ 

9·&00 

Nr. of piloes,lell: 9·om, 
gms drivg. hd. & shoo~ 
CletuiL C drg.I2.J/fJ/J. P6~1 

Oepltl driven. P&~2 

PUg. arrri Uaries 

G!A.ttg. off surpws leNtS.i 
500 X 300 lttWI. G.4-1~ 

Preparg. hrods ; 
ooo 'f.. aoo mm. GA.Se 

TIMe,ER. 

Har£ wood COWJDorrents csa 
O·o.1 - O·lm2 · wrouaht fitu'sh. 

f'PMder9 
4·600 

less p11ts2{150 ooo 
4·000 

oo~ '/. 300 ~m Rrt'eflhenrt, 
Lefl. o -5 m , nor. fmder. 

01~ 

\'2 .I 
181 

EXAMPLE XII 

The cross- section 11Jpe and 
cross-section dimt¥16ions 
shaLt oo stotro rkl h item 
deec.riplion (rule A6 of cfas6 P). 

Add I to aL(ow for a pC!Ar af 

piles af eam Pkid of -lltejetty. 

Two separate tlems are requiffld 
for eacfl group oftimOOI' pilta. 
ll) num6er of piles of Btr.tt£d 

~If! gill 
( 2) depth driven. 
'The lett~s of·Umber piles 
rilcwde heads arrd shres (rule. 
0~ of da&S P). 
fuUow witil 'file wen to~ f~s 
of piles. 
No 6ep!lraie ll'ems are requimi 
for pointed ends or ritt9iktq hroda. 
Informattorr with rf9arr.l fo 
water /lvet wiJ.l re i.frcl.«ded WI 
ire preamtie. 

Descripfiom of-Hmber componeme 
sha.U state gi'DE6 cross-sedtonaL 
dittt&tsior~e, grode or t;pecies,at1fj 
~prtsntttion raruiremMi& or 
~c.ial surfare fitt~ (rule. 
A I of cllloo 0). 

The description ilrcWdttJ gr065 
(IAIIpl arred) d.mfettsiotts, species 
offimbtr, Lmgth ran~ and 
fl.*irlfon. 

21/ _0·6_0 

21/ _0·6_0 

21

21

21

21

21



\\f\J BER J fT 

Hare :.__::_:: 

0 02 

21/2/ 
6 05 
--

o/2/4/ \ -

of f. ,2 4/ 
I -

1/2/4) 
I -

2lf2t 4/ I -

Softw 
wrou,q 

2/ 92·00 

%;2, 2. -

'Y ( CoYltd) 

wood m~1Qonevtful csa 
f"--- . 
- 0· 04 m2 ; Li.Jrousf1k fin.Wh 

22~ y 100 mm gree¥~heort, 
lRt1 s- em; bmces. o 1M 

httJs & fa6TI:I1@S 
9a1~ VI tA/d steeL 

Cleats; 152 -x 102.,: 19 mm L, 
ievt: 200 mm (feMdersfpiles 

0590\ 
fu1der ooo 
deats 39 

clearo~ce 4-0 
315 

oo~&; Levr 090 mm , [feVtders 
ciA am: 20 mm. Ot40·1 

' fults ab. (piles 

&; 
O?<W·\ 

Pklim: soy 50 mm, titickm:ss 
s WI WI. 0550 · 1 g,ae ooo 

race1~ 
c./earan~40 

490 
~It&: Levr sao »tm; diam: 
20mm. 0540·2 

& (bra m f pt fes 

Ptatee; SO'!?Omm, thicbress 
6mm. 0550·\ 

od comwne~·cw 0·04-0·I m2 

i1,t fiHi6h oresGure creosot"ecJ.. 

l?Oxooo mm lev~: 3-5m; 
hor. rultig.piece w.rdd.~~ flor 
edge. 024-~ ·I r pes 

SpULes gm9, l~: 225 »1W1. 
0~0·1 

1'2. 2 
182 

!he cross- sechona~ area of 
wch bmce is 0 oM m2cmd he!'lce 
lt f[l)Js W1 the o 02 - o 04- m2 

ra11ge The spla~ro et1dv are 
lildudro lil the timber raie9 
(rule C/ af class 0) 
Geois would come wrm1Y11kle 
fittitlgs al1d faofeVI 1 t1gs 
dassff1cmion but -tflem i6 fUJ 

specific mention of -!11em W1 h 
&econd d 1VI61on; hence ifre ure 
af -/tie &g'U· 9. 
Mroh:riais, t~pes and sizes of 
fiJJ.Ufg& cmd faofevtiV!qs shaM oc 
stctl:ed IV1 item deemphons 
(rul.e M of ciass 0). 
Pl<Jte& am measured ~:~eparafeJLj 
from ihe bolts ae prQscnbed U1 

the &econd divieion. 
21 pai m of bracee wifJ14 bolts 
to each bruce 

The cross- sediorw~ a reef Ih 

0·046 Vl1 2aVId iti¥!119 cnmefl 
wHtUn H?e rmrqe o 04-o I W(2 

The 1ocailon of the wmpoVierrt 
avrd llWj w.b:Jurs should be 
L¥1Cwdro W!-ltle item desmphon 

AddJ+iovraA. wcaiiowd ootee 
are riten lvlserted IV! wa~e to 
aid rde0Hf icai:ion. 

Horiwwa~ rubbing piece i.v 
spi~ed to heads of pil'fB (2 
&pikes at e11m rnd of each 
piece). 



TIM BE-12.. 

20/2/ 4·'00 

~l'lh.t 
2. 

21/2/ 
4·50 -

11/2/ e 

21/2/ 4·00 -

'rlYzh aj I -

4/ 92.·00 

J E 11 Y ( Covttd.) 

100 x ooo mrn, Lui: ~lower~ 
o-5mj hor. riAbb~. rutog.pi~ 
piece. 02~·2 

&pikes, gm5, ~~: 225 mm. 
0020·1 

ooo 'f. too mrn, l.&r: 3-5m; 
vert. rubbg. piece.. o24~-a 

6pih:'&1 ~me, len: m mm. 
0520·1 

5T11.UCTU12AL METALWOllK 

sta?l grade 40A 

Falxication of members fur 
fromes, !:lams, st. orr p£an i 
d1tmna aoo x 102 mm X46·14_~ 

& (d~bm. 
M?J I 

fuction of member& for fTB, 
perm. ertcln, diJio. M6"20 

Len. 
~ile ~oo 

2.m" nels w earance 40 
m-

Srle bolts: blaok; L&l: 
360 rnm, diam: 20mm. 

M6?12.·1 

fabricatrr. of members for 
fm~ttes, beams, i".on plan; 
channel ~oo t 102 wrm X 
46·141lg. M~21 

& 

Erection of ~mbere flR' fro. 
perm. erectn, diflo. 

\'l.B 

183 

Mfll.O 

p 
r 

1he, lower ron·zontaL rubbing 
iree& rf.l,t'l betwe&~ ftle vtrlica~ 
ubbing pieas ( 20 Letrglrs on 

edCh side.). 
&pi~ are e"umerahd, stating 
Ute maieria.t and size(rule. M
of dass 0). 
There are e1 pairs af pilfe and 
wrtird rul:birrg pim. 
1fE vertic& rulblrrg piecee are 
spiked tofte. piles. Alie.rnativeJy. 
all. -!he sptbB could be tallefl 
tou• rmrder a n~irrg of 
f~s and fusteru~. 
1J1e Steel membem are taken as 
litt«rr items, sfatt"ttJ -h ~~in 
ktJ/m.Th!fj are 6~ 
weigkled up and entered ill iJ1e, 
6UI ill tmres as fablcation am 
erection items. Drt U irrq ho/t9 arp, 
nor 61Utneroted asll1f!Jj (JfP, 

r#rc:WdPd rit lire eteel lliOrl! rcmo. 

fJolls Hro~ web5 orr 2 channels 
arret head Of pile. 
11m1s for 5ile IJdlB are deetw!d to 
litWde supf1141 at1d delivertj to 
Bile (rule ~Of cla&S M). 
Chanm.ls rowring life fu/A r~ 
ofilejtlitJ. 
Proceed fit a logical 6£r.(VIJ1CB 

wfi.M ire fabrialtrOrl awJ eredion 
of fre structuraL tflftalwor/l, 
UBittg ire df8Ciiptions prt.scrifm 
ill cirJ86 M . 

M?J 



1\N e'ER J ~~ 

'A-h; 
I -

Har 
0 ·CY. 

206/ 4·oO -

206/A.f 
I -

206/4-f 2 -

y (eontd.) 
~en. 

zcha~el floogPS 30 
rorattc .AQ_ 

10 

S!le bolts: black; 1R,vt. 
10 mm, diam: 20 mm. 

M6~'2-2 

T I N\ E'>f:· R. 

wood comooneme csa O·OI-

m2 unwroual7* finish. 

~ 
400 ) 9'2· 000 

2Df>+l 

150 'f..15 mm green heart, len: 
3 -s m; deckg. brrs. o 12e, 

Fiitgs. & fam~&. 
salvd. ~·fd ste-. 

Cleafs; 76·2 ~ 16·2 't 9-4rnm 
L 1 LeVI: IOOmm. 0090·2. 

bearer 15 
angle 10 

clea ttnce 40 
IW 

&Its; WK1: 12Smm, 
diam: 12mm. 0540·3 

widfu of deck 4--300 
totaL wid-ltJ ofgaps 
"' 1/ls x 4-~oo "' 2S7 
(ailowooce fur 12·5mm 
gap brtwee.¥1 no rnm decbng 
mtmbere if> I: IS gap) 

4-oOO 
/eoo gaps 281 

4-·01?> 

12.4 
184 

One bolt ta~w at eoch 
covmection. 

()eat ~ ,!;" bearer 

fiUetw~ !xJit 

cJtattneL 

Bear-em are fixed to chattnels 
wtth steel ~le cfroto weldltl 
to channels and bolbrl to 
bearers. 

fOur c.onmctiorte to each bearer. 
Weldi11g of deats will most 
probab~ be carried oui at the 
fabri cafor6 works. 
6!Aild up of !err~ of bolt i¥1 
wa&e,. 
Two bolt5 to eac.Vr rovrnection. 
1hird differe~ size crf bofi: am 
heNrce addition of suffix o to 
code refer~ce. 

The effective w1"di:tt of hardwood 
decL-:.irte ~ obtaiVled by deductitJ3 
{Vte gaps bd:ween -!he decking 
mewrbers, as eacki ~P exceeds 
o ·5 m2 tn area (rule M 2 of 
class 0). 

'A-h; 



1\N BER. J E"' 

Hard 
50 »H 

92·00 

401 

Hard 
wrou 

2/3/ 
92·00 

/3fs2/ 
-

0·10 -

2fs2{ 1·30 

51.hj 
I 

-

5'2 /2; I -

52./zj I 
-

T Y (Cnntd.) 

wood deciLinq; fh{chtess : 
n· wrouqhl fii'Ush. 

v 

Greenheort l!Smm widt¥!5 
septd by 12 s Vt!IY! gaps 
lmesd. net). oo2o 
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11 Measurement of Metalwork 

Structural Metalwork (Class M) 

A considerable proportion of the cost of steelwork is in fabrication where 
activities such as welding on fillets and cutting holes are entailed. Hence 
detailed drawings of connections and fittings are necessary at the tender
ing stage and this is assumed in the rules for measurement. 

Barnes5 has shown just how much de1tail fabricators require for 
tendering purposes, since although steel is purchased by the tonne, 
the price will vary according to the section, size, length, quantity, 
quality, finish, and the requirements for t~esting and inspection. The 
rate per tonne for plates will also be influenced by their length, width 
and thickness. 

Shop and site bolts are expensive and their number requires accu
rate assessment. Drawing office costs vary with the number of separate 
pieces of steel, their complexity and the number of drawings required. 
Fabrication costs are influenced by a whole range of production pro
cesses. 

Erection costs are affected by many matters, including the number, 
size and weight or mass of pieces of steel and their location and the 
form of connections, in addition to site conditions and facilities. 

The drawings from which the quantities are taken should be inserted 
at the heads of sheets and the quantities listed under the division and 
description headings in Class M. A brief description should be given of 
each class of member, including the identification marks on the draw
ing and grade of metal. Particulars of each component should include 
the number required, length, type of section, size of section and unit 
mass or thickness, to compute the mass of individual components and 
fittings and finally the total mass of the items. Surface areas are re
quired for the surface treatments listed in M8 1-7. 

Fittings such as caps, bases, gussets, end plates, cleats, brackets, 
stiffeners, distance pieces, separators and packings are listed and 
weighted with the main member or unit to which they are attached. 
The second division classifications of trusses, purlins and cladding rails 
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188 Civil Engineering Quantities 

can be applied to engineering structures such as conveyor gantries, 
and, where they form part of a building, the building method of 
measurement may be considered more appropriate. 

CESMM3 distinguishes between fabrication and erection, with sub
division of fabrication items into a number of broad categories, such as 
columns, beams, trestles, towers, bracings and grillages. In both cate
gories of work there are three broad divisions: members for bridges, 
members for frames, and other members (usually isolated ones). Item 
descriptions for fabrication shall identify tapered and castellated mem
bers, (rule A2). 

The mass of members, other than plates or flats, is calculated from 
their overall lengths, with no deductions for splay cut or mitred ends 
(rule M2). No allowance is made for rolling margin, or the mass of weld 
fillets, bolts, nuts, washers and rivets (rule M4), or voids less than 0.1 
m2 (rule MS), and all fillets and connections are included in the metal
work rates. 

Trestles, towers, built-up columns, trusses and built-up girders can 
be made from sections and/or plates and may be of compounded 
sections, lattice girders, plate girders or box type construction. Details 
of the members shall be given in accordance with rule A4. Light crane 
rails are generally included with the main beams or girders to which 
they are attached, while rails for heavier cranes (over 20 t capacity) are 
best kept separate together with their ancillary fittings, such as fixing 
clips and resilient pads. Anchorages and holding down bolt assemblies 
are suitably described and enumerated (rule M7). 

Off-site surface treatment of metalwork is measured in m2 under the 
classifications listed in the second division. Where blast cleaning is 
specified, the standard of finish should be stated, for example second 
quality to BS 4232. Painting systems shall also be clearly defined. 
Surface treatments carried out on site after the erection of structural 
metalwork are measured in accordance with the rules in Class V (Paint
ing) (rule M8). 

Testing will be covered under General Items and the supply, deliv
ery, unloading, operation and dismantling of cranes and plant can be 
covered by erection rates or be included in method-related charges. 

Miscellaneous Metalwork (Class N) 

This class covers metal components not specifically included else
where in CESMM3. Separate items are not given for erection and fixing 
or for the provision of fixings (rule C1). Item descriptions shall include 
the specification and thickness of metal, surface treatments and the 
principal dimensions of miscellaneous metalwork assemblies (rule A1). 
Alternatively, a more effective approach is often to identify the work by 
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reference to material, construction and assembly details given in draw
ings and/or specification. This latter approach is particularly well suited 
to stairways and walkways, to avoid lengthy bill descriptions, using 
mark numbers for identification purposes as described in the footnote 
on page 63 of CESMM3. 

There is a variety of units of measurement ranging from stairways 
and walkways in t; handrails, bridge parapets, ladders, walings and 
frames (measured on external perimeters) in m; cladding, flooring, 
panelling and duct covers in m2 ; and tie rods, bridge bearings and 
tanks by nr. The schedule of items listed in this class is not comprehen
sive and item codes N~ are available for the inclusion of non
standard components. Most of these are likely to be measured in 
tonnes identified by drawing references. No deductions are made for 
voids not exceeding 0.5 m2 (rule M3). Sophisticated cladding is more 
likely to be measured in accordance with the building method. 

Worked Example 

A worked example follows covering the measurement of a steel
framed gantry. 
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STEEL- FRAMED GANTRY 
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12 Measurement of Roads and Pavings 

Class R in CESMM3 prescribes rules for the measurement of sub-bases, 
bases and surfacings of roads, airport runways, light-duty pavements, 
footways, cycle tracks and other paved areas, together with the neces
sary kerbs, channels and edgings, traffic signs and surface markings. 
Landscaping, drainage, fences and gates, and gantries and similar 
structures supporting traffic signs are measured in accordance with the 
appropriate classes. 

The various courses of road materials in sub-bases, bases and surfac
ings are each measured separately in m2, describing the material and 
giving the depth of each course or slab and the spread rate of applied 
surface finishes. The third division thickness ranges are overridden by 
rule A1 requiring the actual depth to be stated. Work to surfaces 
inclined at an angle exceeding 10° to the horizontal is so described and 
measured separately (rule A2). No deductions shall be made for man
hole covers and the like less than 1 m2 in area (rule M1). 

The details of the construction work draw heavily on 'Specification 
for Highway Works 131 (Department of Transport). Thus sub-bases of 
granular material may be either DTp Specified type 1 or type 2. Type 1 
can consist of crushed rock, crushed slag, crushed concrete or well
burnt non-plastic shale within a specified grading range, whereas type 
2 also includes natural sands and gravels and there are variations in the 
grading range. In like manner concrete carriageway slabs may be of 
DTp specified paving quality jointed reinforced concrete (JBC). This 
is concrete of grade C40 complying with BS 5328, with a minimum 
cement content of 320 kg/m3 of ordinary Portland cement (OPC) and 
with the average value of any four consecutive test results at 7 days 
having a strength of not less than 31 N/mm.2 

Tolerances in surface levels and finishes have considerable impact 
on plant and labour costs and item descriptions need to be extended 
to cover differing or special tolerance requirements, in accordance 
with paragraph 5.10 of CESMM3. 

With concrete pavements, item descriptions for steel fabric reinforce
ment to BS 4483 shall include the fabric reference, while descriptions of 
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other fabric reinforcement shall state the material, sizes and nominal 
mass/m2 (rule A4). The area of additional fabric in laps is not measured 
(rule M3). 

Separate items are not required for formwork to slabs or joints in 
concrete pavements (rule C1). Construction joints are measured only 
when they are expressly required (rule M7) and the dimensions, spac
ing and nature of components to joints shall be given in item descrip
tions (rule A6). 

Kerbs, channels and edgings are measured as linear items including 
concrete beds and backings, with the details given in item descriptions 
(rule A7). Excavation for kerbs, channels and edgings should strictly be 
measured separately in accordance with Class E, but it is often more 
convenient to include it with the relevant items in Class R and to 
provide an appropriate preamble statement in accordance with para
graph 5.4 of CESMM3. The different cross-sections of precast concrete 
kerbs with bullnosed, 45° splayed and half battered faces relate to the 
prescribed details in BS 7263. Kerbs, channels and edgings laid straight 
or to curves with a radius exceeding 12 m are grouped together. 

Traffic signs are enumerated giving the details listed in rule A8. Road 
studs are also enumerated while line surf~ce markings are measured as 
linear items and in the case of intermittent markings shall exclude the 
gaps (rule M9). 

Worked Example 

A worked example follows covering the measurement of an estate 
road. 
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DRAWING NO. 17 ESTATE ROAD 
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ESTATE ROAD DETAILS 
DRAWING NO. 18 ~ 
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DisposaL af excvtd. maf. 

EBZI2 

14.1 
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'E:XI\MPLE X IV 

The -e.xc..avcrhon hoo bet'Nl tak£¥1 
separaieiy for mrriageway, WiJ& 
and footwoys, ®wee af varying 
depttls WI earn CdSe. 

The meo.stAremtvrl' rules are 
prescri/xrl.!¥1 Qase E and f¥re ~uew:e 
adopffi:i is ll9 fd1ows: 
( 1) excavation for c~MtU!gs for 

carriage-~ cwd disposal. 
(2) adJuGtmMi fur k.erbv. 
(3) excavation for ad:tings for 

faatways a+1d dispord 
(4) e-xwvaiion for cuttiJlgs for 

bm cmd disposaL 
~) adjustment for top&?iL 
~)trimming, soiling ood seedit1q 

battka a11d vergf'G. 
The additional area rrf one side af 

fhe belllt!Oufk1 .. 3/i4-X rodius2 &Area 
of square witfl side equaL tu • of 
rodW5 /res (ll'ea of quad ram or i'4. 
circle of &~me radius). 
TopsoiL w1lL be tt4)1Adro later. 
A tterncilivuy, the whole area of 
topsdiL to 00 strippro could re 
rneasurocl at-hwlseL 
Wttft exa1vation forculi~, i1 i6 
rtat mre66ary to state deph ra~ 
Ei.cavcded mat£ riaL ; 6 dEettlfd. to l:e 
matErial olher i1llt1 fopsoi~, rock or 
arlifldrU- materiaL, unhoo o/Jwwire 
desai 00:1 (rule D I). 
F~ is a separate item. 
lhe, addilionaL mavcrlion for mtJ 
fotmdationa below road formation 
i6 kept separate from exCCJVaiion 
fer c.ul.tings oo it wi U be aiHOfe 
e1-pet!sive Uem, probab~ WIVOivirrg 
hand €xcavafion. 

2/ 

tu tu tu 



(CoYJtd.) 
Footwayt. 

E. side. w. sue 
av. deptvl 
at C51 GO 900 
add ihid.11eoo of 
patNl or verse I '05 

1'75 

IJV. d~ at CS2 - 250 ( fi.ll 100 
les& -lhickness of 
paii or verae \~ 

- \IS (fil.l. 
- 2)t.GOO 

soo 
add ~1cl:ness of~ Cfve~e ~ 

935 

E. side 
CS\ 19S 
C&2 topsoiL 150 

2 )045 
112 widftl 
patf\ \·?00 
verge 2·too 

3·&00 
les& kerb&backg.~ 

B~15 

o0·30 Excavn. for ciJJlgs) (W.s1de 
3· 36 Cornmg. Surf. uls of 
o · 94 topsoiL. f220 

~0·00 

3·36 

_QJJ_ 

& (E.side 

DisposaL of (;XcvrrJ mat. 
E532 

Footwags at beJJ mouth 
£.side, W side 

C52 - '250 
et.trer.tity -401 

2 )- 651 
-328 

add iff i cbless 

100 
043 

2) 1·240 

622 

afpalklorverse: 135 ~ 
- 193lfiU) 157 - --

\4.'2.. 
201 

1he fi.U required Wilder fvotwayo 
o11d verges on -ltJe rolf side will be 
made up of YIOn-selecfed 
exwvrttro materiaL 
The wlwle of -lhe area of paths 
and verges W1 Vlllf'mctlly sfnt¢ of 

topeoU., so Jhat some etcovrrrion it; 

required evefl ·lVI places which will 
sl.l.bseque~ rect~ve h{l. 

Exc.a val ron for brtl6 and backmg 
hag aJrrody lwrl talte11 w·cth -the 
cam agway ood so 11oo:ie 
dedJ)ctikfq from ihe.OV€faU wirM 
of pat~ !ll1d verge. 
AU (;XCIJVated materiaL for 
dis~eaL i6 tahm as materiaL 
om iff a l'l fo/JJil, rock or other 
hard materia~ WI ihe fimt 
imrtCiflce, and -/fre ne~ssary 
adjustmm will be made later. 

The dfP#ls to surfdce of pavi11g 
at exlrem~ errde C1f paU19 are 
caJculakro tvrus: 

E. side Wsioo 

ch(lflneL I~. 000-110 3&2·110 

add dPDfh of 
VetO+ v.z frill 
on pattt 1~1 m 

360·901 oo2·301 

araut~d rev. at 
l:'evttre of pot11 

(itthfP.o!atro) oGO ·SOO OGQ ·850 
less fin.isn~ 
WeL 360-901 362· 001 

depf¥1 - ·401 {fiU) ·~3 

(CoYJtd.) (CoYJtd.) (CoYJtd.) (CoYJtd.) 



E51 ATE RO lAD (Coma) 

\'2· GO hcavrr. for wttgs. E220 The additionaL 4<J mm dep/J7 of 

5·20 ~9af exvavrttr()'l ()Vel' -the areae of /he 
0·16 & bfJJrnoutrr lluo CIOGGings ih not large fMJgh 

12·fl0 Disposal of excvtd. E532 to j ustif~ separate mea5urement. 

5·20 mai. (m~it orr Similar~ lhe extra exc.avaii0t1 for 
0. t!":l E.s1de quadrants owr tflaf rarvired for 

Bal'!k& 
kerbs would be rarg~ o&et by 
the &me1Uer qucmli~ tJf excavation 

Widlfi of bM ~c. 1?0 mm raruirfd for file gramte seH5 -a 
addiW. excavn. r topGOi~) swse of proportion moot be 

E. side W. side- m!lirrtaimd. 
C51 llj{) 2-6':10 
C52. 850 '2·8!:10 

1he build up of dAmooioiW for 2 )1·000 2)5·'£100 
av. wid!ii 500 (filL) 2·150 /Kie bavrk excavation i5 insrrtd 

bfllmoulti iV1 waffte, fu obtain the average 
WI) '2·950 widifle and hei9ht&. 

l·lW 150 
2 )2·&00 2)3·&00 7he iopson romponem wi.« require 

1·'000 (fLU) I· 900 suh5eefuet7t e1djwimevrt. 
height of bank& Disposal of €Xcavatfd material 

E. side W. side. 
i6 deemro to be ciispasct[ off1he 

(,51 1?0 1·050 
sile l.lf11ees alfterwise 61-aiecl ivl 

C:,2 4':>0 950 !he item dgvipHon (.rule D4). 
2.) 600 2. )2·000 

BOO 1·000 

be11moutJ1 
450 ~50 

1·000 750 
2 )1-4W 2 )1·100 

l2'!J 900 

t; :30 ·30 Exwvn. for cwttgs; ( w.side Sl.opea of I ivJ 2 to bt1Yiks hove 
'2·15 wmmg. Surf. ufs af been awumfd. 
I 00 topooi~. E2'20 

~I 
1he vowme of bal'lk ~xcavafion 

10·00 & (bd.lmoulh ::. ~errgih X awase widf¥t X 
1·00 

wside averaae. depth 
0·85 D ieposal af e.xcvrd.. 

mat. E5~ 

14.3 
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t:Sl AI E ROt D ceon+o.) 

~I 30·30 F ilAg. ewH;arrkmevrfs; FWW!g to embar!kmevtks ~ 
0·00 seiei:l:ed excvfd. mat. kept Geparate from gMe.ra~ fi.J.l. 

0·30 ottlerihm topsoiL or ( E.side /he descript-ion must confa{n 

~I 10·00 
rod:. E- 6'24 ~e ilf:fl'Dpriate iflird division 

daooification. 
1·30 

(bell min 0·10 E.side. 

41.00 Ddi:. Exc.ovn. for cuHgs i Adjusl-mwrt of topooiL 
5·00 Commg. Surf. U/5 of topsoiL. excavation over area of 

2/~; 
O·lo ~arrgwy. wrriageway, pi1Uls ood v~rgeB 

10·10 
& E'2'2.0 The depositmg and sprfad.mg 

10 70 
of JJle topsoiL wW be pirod up 

0·\S 
Ddt. OiepofilL of (bfiltt1U1 i.Vl 61Ab6equwt V€rge and btmk 
exc vtrJ. mat. 6lope item5. The smaU wrplus 

2/ oO·oO 
E532 qvani:Jfy !Yf fop50il can remrun 

0·60 & ~afkls B. 
on -/Vre oile avrd make up 

0· I!J verses ourface 1mgul arrtiee. 
2/ \2 ·60 

Add Eimvn. for cu:ftiVJgs; 

5·'2.0 
top6oit. E'2l0 

0· \5 
(beJJmtfl 

vergre 
The totaL lent: of ver~B 500:300 

lreco crossiflJJ,s are adjusted r fJ1e le11g s of 
2·? tfle crrJoo 1 ngs 1·?00 4000 

2.5·300 

2/ 2(d0 F i.Ug. -thickness: ISO mm, The SOl U~ of vergee fe, kept 
1·98 e.xcvtd. topwi~. E &4-1.1 separate om grass &eeding 

/he gross seed1ng reqvimvneW:5 
&. will be extracted by !he 

Contractor from the 5peclf1cdion . 
LOYJdscapq., grastzJ serog. 

E800 I 

14.4 
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E511ATE RO.A D (Contd.) 

Battks 
Three. Beparate. items arise. W! 

21.10 Excvtn. anciUs.1 l:rimmi11g coi'W!ection wilh lfre banks : 
2·8S of excvtd. surfs., (W.sioo (r) himmi11g of slopes 

iK1Gl1nf!J af em L of (beUwrlh. ~) soiUng (){ sl.opes 
10·00 loofo45°tu-/J1efwr. w.side (?J) ~rass seediVIg 
J.jQ_ 

& 
E512·1 The iULt!g item ih mffi9urro iKt 

m2as "tl io to a sratro de{JIYr or 
FWg . .fh.laness: I5omwr, -(Jt(cmes&; sratiYlg ifre appropriate 
excvtd. topwiL; to Gurfu. ifrdimd mcUrration cal:egory from nJe 
ak Of'l L of I 00 to 45° to ~e hoc A14-. 

& 
E041·2 1he graoo 6eRding on /xmks ha5 

a 6'arofe daa.sificatiordo that 
LandGutpt., gmoo see:Jg. iu of e v-ereee, a e. it fa.Us iv!to 
6Urfu. W?c ·nro at an L ex. the ivl eli ned category under 
10° to -the hor. Es-oo-z rule A19. 

The trimming of fi Utd Gurfacea 
2ll0 Fill g. anci Ua_. +n.rnmg of LS ~ sepcxraie from ihat ro 
0·6~ fiUed surfu.7wrclm«iaf (E. side excavated surfacro, as+Jte coors 

avr L of 10° to 4SO ro wn vary srgrnfrwtttUJ. 
10·00 lfle fwr. E.ll2·1 (~miJ1. 1he same WlcUvrcliion categories 

l·OO & E.side apply as forft Uivrg to s~es. 
Note fue use of suffixe8 where 

falg. thichreoo: 100 mm ~-xcvtd. vta»dard dewiphona are 
topooiL; to surfu. incUned at an ~aried ~ -lfte addition offurlher 
L af fODto 4-6° to ihe hor WJform ·on 

& E641·2 
Maj detr1il6 of rOdd 

Londswp~., gmoo 6e«ig. to wn uction am be obta.iYTed 
&urfs. W!c ·nro ataf'l L ex (0° from the Department of 
to fKidwr E5~0·2 JronBport'SpecHica.tion for 

12oads and Paving& 
~).ghwa~ Works~ to 
whAch reference can be made 

41·00 l?aeeJ.rarrular mal. OTp ivl lfre itewr descript,.on~.1he 
~·00 Spec . type I, depth: 7Smm. aciuaL fi-tid:nes6€S of slabs 

2/-a; 8( Rtlo ond courses carz /;e qiven iflstmd 
10·10 Carria.gewa.& sLab of (bd.Jit!H1. of -llteirird division depiVI rrmgffi 
10·10 DTp specifd.. pavg. quaL.Jtd. i.n occordaf"!re Wlifl rtiie AI of 

reinfd. (JBC)mnc., depfJ'l; class fl. 
1130 111W!. ~4-14 

14.1j 
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E 51 ATE. IZ.Ot D (CcVttd.) 

41·00 steeL fabric. ninft. to Ftong of dtoone& flMd dishiMq 
5·00 BS44S3, nom. mass 3-4~/ allX4tld gul.lifs are Wlcl.ud«i WI the 

24, 10·10 
m2; flj~ A'l.52. 12..443 CJlrnasway &lab ram(rule c1). 

10·10 & 

Wrtterproof membmne below ihe waterpralYf membrane ~ 
coHC. pcx~e~t~e»t; waterproof u~ to be of waterproof paper or 
/X1fJU to BS 1 !;21 class 61 f. rirrpumroble plastAc sheetittg 

12.490 (260 or 500 grade.). 
&. Prff!lrlliion of excovated IJf fiUtd 

hcavn. riMcA Uaries, preprr. &urft.tcee to receive pertn(Jjled 

of exc.vtd. surfaces. worts i& meoeur«i under c/aoo E 
E'522·1 (rules Mil and M'l!J). 

Joints WI COt! C. pavemel1l5 
5/ 

~-00 Exp!U15fon jf5. rore Expoosion jitrls are alWatf 

2/ 
10·80 deptiT : 100 mrn; as r.Umit. measul'f'd bur C£Mr;!rudion joinm 
4-·40 dPlai~ J, Drowing (do. o~ whm lirPJj ore expm&UJ 
5·00 19/21li. 7·5tt1 (do. r:equired (rule Ml). No WUXlrk. 

cfkttrre. fl.lj?A 16 meaaured (rule Gl). 
The I m gfh of kerb i6 a~usted in 

((trb&, charrnels & edgings 1 wa&te 'for ire croooinqs ot1 boiJ1 
l-ese 30·200 sidea of fire rood. 
&Ws 2·500 The kerb section i6 idemtfied lxj quads.2/ooo = 000 ~ · 100 

21·100 refemtce to 13S/W'O. ~9 laid 

2/ 
to a rodW5 excea1rN1~ 12 m are 

21.10 Precast cotre. kerb to ikr~ded with b aid str£Ji9trt. 
00 726'0 Pt.l, fig . I (d) ,st.or Ddai Is of covrcrete btti9 a+1d 

wrved to rod. ex.l2 wr, bochvrgs tu k£rbs are ifrcl.udPd 
beddm Ot'ld bacl£ed W. COVIC. ikl ikE kerb descriptiaf!8 (rule~. 

~rode CIO as d&ail X; 

% wg 16· Roll 

2/p 
10·10 Precast COYlC. kelt to The k€1b5 to ire bellmorJfir are ?/ 13ST2.6o Pt.IJig.l {d), kq* 6P{J()raie ae ~ are laia to 

cu.rved tv md. rr.e.l'2.m i Less fM(JI] 12 m radius. 
bedded & bach'd a. b. 

R612 
14.6 
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Eo, A IE RO D (Contd.) 
0ran1te, sdts 

2/ 2·?0 Gravlite sett edprngs, ~rossgs This item i6 not fiuhrJ. ikT dose 

2/ too~ 100 f"MWI 1 s . or R a11d nence /he figure 9 is used 
lO·lO c.u.rved to rod. e:i ju11ctn.w rk1 the second divisron fu 

12 m i ba:lded on xtg. road repree~m a vron-sfmfdard item. 
S·OO COV!C. ffrade CIO d5 (do. 

detaiL '{, Dwg. 16. 1<.691 

2/ lO·lO Ta~ iAp and remove rlg. Ke-rbs ext ju.t~diort of rrw ood 
precast coi1C. kerbs. existing roods; at101t!e.r VI(}YI-

5-00 12.900 stllf!dard item. 

2/ 2 Precast cottc. ~uadnmJ: 1 To crossin~s (ooe ec1ch side ai -
305 y. o05 y.. 255 rnm j UY!c.ti Ol'l Of ~erb& eu1d sdts). 
t&pe G H l? iv 65 72631 fig./ E11umerr.rted item but foUowirlj 
(q.) bedded & ba&a::l w. cone. tire srrme. approach as for k.erre. 
grade ClO as detaiL G, Dwg. f::icavaiion was droli with 
19)2. f2.69~ previo!As~. 

L1ghl OlAf~ JlMe~errfs 
Cros5mgs Verncwar croSGings travtrsing 

o·6DO paflt5 !1Kld verges. less sdt& 100 
3500 

2/ 3·50 Gran. base DTp GpecfrJ Similar base to 1Jtat for 
2:50 ~pe I, depth : 7fJ mm. cllrrraseway. 

& 12.113 

In si~AA COI'IG. to 85 5'3'28 The description of h amc.rete 
mix grade Cl~ depth: IOOmm; slab follows-tire approach 
w. tampt{i rvn-skid fin. ptt>scriOOj for uart duty pavetrenfs, 

& 12.11~-1 btAf s!Wstituking -file grade af 
ron crete W1 aCCJJrdance with 

Wafuproof membrr1ne below BS 5328. 
ro~. pavement i w. p. paper 
to 8S 1r,21 cbs.s 81f. 1<~00 

14.7 
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2/ 3·50 

2·50 -

2/ '2ll0 

\·50 -

2/ 
1·98 

1·50 -

2/ 1'2·60 

5·20 -

2/ 21-10 -

2/ 10·00 -

(ContdJ 

Excavn. (Wlci UC1ries. prep11. 
of €Xc.vtd. surfs. E522.2 

FootW~$ 
30·200 

less croasgs. 2 ·500 
21·100 

verge crosfi95. 
ve: 2·100 

~k __@_ 
1·915 

Gron. base, DTp &pecfd. 
ty~ 1., de{hl: 75 mm. 1?.718 

& (verge CroGfij! 

Derrse bit. macadam lxlse-
COUISe DTp specfd. ctause 906 
depl1! : 50 mm. (beUmltl. 

R162. 
&. 

Dense bi.t. macadam wearg. 
course DTp specfd. dause9l2 
d€f1U'l: !0 mm. R1SI 

Edgiftgs 

Preca~ cone. ed~ing to 
001263 Pt. I, ffg. 1 (m), sox 
150 mm; st.arcurv~Ho ra.d. 
tt. 12 m, bedded & backed w. 
CD VIC. grade c 10 a~ detaiL E, 
Dwq. 1'0/2. R6Sl 

St<rface Water Drrurrage 

~(W!c. l'jQ rnm aJrM;./xd) 

g~ 
MH 

~ 
14.8 
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900 
\·201 

z )'2·181 
1·0~ 

T 
p 

to 

ht rntasLtremtttt of h 
reparation of formation and 

provision af wahrproof membrane 
aoooing6 are ~¢separate 

a 
from Gimifar camas~ items, 
s iV1eJj are Utfly to smernte. 

1a8her rates. 
Eac.J, coCLfGe. cot16titutes a 
separate item at!d Hle partiw.l.ors 
are obfuirrtt( from -the 0~ 
of Trmrspqrf ~~ication for 
HighwCllj Worts', witn ine 
illic.btese ~ivw r¥r each aifie. 

l.Dcafunal rratee are fivm ~ waete 
fot ideMlificaiiol'l purposes. 
A 1L preli fUi 11t1ry calculaii0t1s ate 

also in sertro to prevent errore ard 
provide tile facti.ity fur chechn9. 

Precast concnte Fklg ~pi-ions 
iklcwde the-f4F6 of slab tn 
557'2.63 anf~ tmcJtness. 
Preco9t cottcrei:e ed,qitfA if.l 
rnrosured al'ld d&.ri'W' ivl a 
similar mavmerto precost concrrle 
kerbs. f1gure I (m) of BS72G3 
shows ihree sets of dime¥!Sions 
fur the round top variellJ and 
so dirne¥r5ions have to be 
!k?cwded iv! -lhe. description. 
firsl' co.lculafe h aV€fdf[e deptfl 
of il1e sttrface UJai:er gully 
rnmtedione. 



ES ATE R.O ~D (Contd.) 

3·00 ClfUJ pipes of s w qvalv. to The desciiptione af pipes incl.ude 
BS 65 w. 5 & & Rex .jfu., n.om. matuiah,Joink b.j~s and 

6·50 !xlre : 1?0 wtm WI trs., dept¥1 : YlOminM bore5 with referrnces 
ne I· fntl j WI rd. g u.Uy to British Stood ards where 
conm'cme. 1112·1 appropriate (rule A'2. of class I). 

& 

Surround, mass covrc. gro.de Makerictls and ihid:.msse.s of 

c 10, pipe nom. bore: tfJO mm; beds, haunches Cl¥1d surroW'lds 
ltric~VIes5 : lf70 mm. L':l+l·l are sta:tfd W7 item descnptions 

(rule A3 ofda9s L). 

2/ C!~ pipe fittgs. 5 W qv!U. to Pipe ftHW!qs are evrume.mf1d 
6S 6S w. s&s flex.Jfs., ~vi~g si!tlifor particuloro em 
bewis, nom.oore.: 150 Wlm. r pipe& (rule AI ofcJasoJ). 

JIll 

2/ 
I GuJJ. ies, precast COVl.C. 6IMAies are evwmerata:i with -

traP.ped; to 655911, flg.2(a adequate refer€(!fces for 
as defni~ 2 D~8,w. Bmads duo.ilt'd portiwlaro ami stating 
Nr. 205 ketb i gull~ cover. IJ1e Ujpe of cover (rules AI ond 

1(360·1 A'2. of cJaoo K. ). 

14.9 
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13 Measurement of Pipework 

The rules for the measurement of pipes and associated work occupy 
four classes of the CESMM3 Work Classification (1-L). These are all 
closely interrelated and should be considered as a composite class. 

The rules in Class I cover pipework, Class J deals with pipe fittings 
and valves, Class K embraces manholes and work associated with 
pipework such as land drains, ditches, culverts, crossings and their 
reinstatement, while Class L is concerned with work related to the 
laying of pipes, such as extra cost items in trenching, bedding, 
haunching, surrounding, wrapping and pipe supports. 

Pipework (Class I) 

Pipework is measured under Class I in metres giving the nominal bore 
and trench depth ranges, although it is much more realistic to give the 
actual bore of the pipes as required by rule A2. Pipework items are 
comprehensive ones in that they include the following items in addi
tion to the provision, laying and jointing of pipes. 

(1) Jointing material (rule A2) 
(2) Cutting of pipes (rule C1) 
(3) Lengths occupied by fittings and valves and those built into cham-

ber walls (rules M3 and M5) 
(4) Excavation of trenches (rule C2) 
(5) Backfilling of trenches with excavated material (rule C2) 
(6) Upholding sides of excavation (rule C2) 
(7) Preparation of surfaces (rule C2) 
(8) Disposal of excavated material (rule C2) 
(9) Removal of dead services (rule C2). 

Although the classification table of Class I covers 512 different cate
gories through classifications I 111 to I 888, nevertheless they cannot 
embrace every conceivable alternative. Hence rule A2 expands the first 
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210 Civil Engineering Quantities 

division rules to include separate items for different nominal bores, 
pipe materials, joints and linings. Work is also to be separated loca
tionally to take account of different working conditions with resulting 
variations in cost (rule A1), paying particular attention to work in roads, 
through back gardens, restricted access and working conditions, need 
or otherwise for trench support and working around existing services. 

CESMM3 incorporates total trench depths in pipework descriptions. 
Probably the most satisfactory approach is to enter pipe and locational 
descriptions in a heading, followed by the linear items subdivided 
between the various trench depth ranges. The prescribed depth zones 
can be readily determined on a longitudinal section by preparing a 
scale or strip containing the total depths drawn to the vertical scale 
used for the drawing. Sliding this scale along the drawing will identify 
the depth stages, which can be marked and the pipe runs broken down 
into lengths appropriate to each depth range. On steep gradients the 
length of pipe to be measured will be greater than the length on plan. 

Where more than one pipe is to be laid in the same trench the item 
descriptions should indicate the use of a shared trench (rule AS). 

Where a short pipe run not in a trench contains numerous valves and 
fittings, the length of pipe occupied can be excluded (rule M3). Where 
pipe bores change at fittings or valves, the different pipe lengths 
should be measured to the centre of the fitting or valve. Separate items 
are to be provided for pipes that are not laid in trenches, as amplified 
by rule 01. 

Fittings and Valves (Class J) 

All fittings and valves are enumerated with a full description in each 
item. Separate items are not required for excavation, preparation of 
surfaces, disposal of excavated material, upholding sides of excava
tion, backfilling and removal of dead services (rule C2). 

The item descriptions for pipe fittings, such as bends, junctions and 
tapers are to include nominal bore, material, jointing and lining particu
lars, and reference made to applicable British Standards (rule A1). In 
general, lengths and angles of bends, junctions and branches need not be 
stated, except for cast iron or spun iron fittings exceeding 300 mm nomin
al bore and all steel fittings (rule A2). The latter fittings are expensive and 
the inclusion of principal dimensions such as the effective length, 
nominal bore and angle of a bend, will permit identification in the 
supplier's catalogue. Rule A6 also requires additional particulars in 
item descriptions of valves and penstocks. 

The list of fittings and valves in the second division is not intended to 
be exhaustive and only gives the most commonly encountered campo-
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nents. Others can be added and coded as J*9*. Where pipe fittings, 
such as branches and tapers, cross the third division nominal bore 
ranges, they shall be classified in the larger size range (rule D1). 

Straight specials are pipes either cut to length or made to order 
(non-standard lengths) (rule D2) and are measured only when express
ly required (rule M2). 

Manholes and Pipework Ancillaries (Class K) 

Manholes, other chambers and gullies are not measured in detail but 
are enumerated in accordance with the principles listed in K1-3 and 
rules C3, C4, A1 and A2. They are identified by a type or mark number, 
which will be the reference for constructional details given in Drawings 
and Specification, and are deemed to include all items of metalwork 
and pipework, other than valves (rule C3). Differing manhole and 
other chamber arrangements will be evidenced by separate bill items 
containing different type or mark numbers. Excavation in rock or 
artificial hard material and backfill with other than excavated material is 
measured as an extra item in Class L. Manholes with backdrops are 
separately classified so that the backdrop pipe will be included in the 
manhole item and not the pipework, although the latter is normally 
taken to the inside face of the manhole (rule C4). Complex or unusual 
manholes may be measured in detail as example VII (footnote to page 
53 of CESMM3). 

French and groundwater drains incorporating pipes will be meas
ured under Class I, including excavation, backfill with and disposal of 
surplus excavated material. Backfill with porous material is, however, 
measured separately in cubic metres (K 41-2), stating the nature of the 
filling material (rule A4). Where no pipes are to be laid, the trench 
preparation is measured in metres (K 4 3). 

Ditches are measured in metres stating the cross-sectional area in 
the ranges listed in the third division. A lined Oitch description shall 
include the nature and dimensions of the lining (rule AS). 

Pipe crossings of streams are not measured where the width does 
not exceed 1 m (rule MS). Crossings of hedges, walls, fences, sewers or 
drains, and other stated underground services are separately enumer
ated, giving the appropriate pipe bore range in the description. 

The measurement of crossings and reinstatement does not dis
tinguish between different pipe materials or depths, nor is special 
mention made of pipes in shared trenches or of manholes. Rule A8 
requires the types and depths of surfacing to be stated in reinstate
ment items. The reinstatement classifications distinguish between 
grassland, gardens, sports fields and cultivated land (rule A10). 
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Timber and metal supports left in excavations (measured in m2 of the 
supported surface) are only taken where it is a requirement of the 
Engineer (rule M11). Item descriptions of connections of new pipe
work to existing work shall identify the nature of the existing service 
and will include details of associated work such as sustaining flows and 
reconstructing benching in manholes (rule A12). 

Supports and Protection, Ancillaries· to Laying and Excavation (Class L) 

Class L covers the measurement of activities related to excavating and 
backfilling pipe trenches and associated work which give rise to extra 
cost, pipelaying in headings and by thrust boring and pipe jacking, and 
for supporting and protecting pipework. 

Where excavation and backfill of pipe trenches involve other than 
ordinary soft material, such as rock, mass concrete, reinforced con
crete or other artificial hard material, then an item in m3 is required to 
cover the 'extra cost' of dealing with these materials over and above 
the pipework items already measured in Class I. The quantity is com
puted by multiplying the average length, average depth and nominal 
width of trench excavation stated in the Contract, making allowance 
for battered trench sides (rule M4). Where no nominal width is stated it 
shall be taken as 500 mm greater than the maximum nominal distance 
between the internal faces of the outer pipe walls where this distance 
does not exceed 1 m, and as 750 mm greater than this distance where it 
exceeds 1 m (rule D1). An isolated volume of hard material shall not be 
measured separately unless its volume exceeds 0.25 m3 (rule M8). 
Excavation which is expressly required to be carried out by hand shall 
form separate items (rule A1). 

Backfilling above the Final Surface shall only be measured where the 
Engineer will not permit the use of excavated material, while excava
tion and backfilling below the Final Surface shall be measured only 
when required by the Engineer, for example 'soft spots' but not excess 
excavation (rule M7). 

Similarly pipe laying in headings and by thrust boring and pipe 
jacking shall be measured only when expressly required (rule M9) and 
shall give the location so that it can be correlated with pipework items 
in Class I (rule A2). The plant and temporary works associated with 
thrust boring and pipe jacking will probably generate method-related 
charges. Pits for thrust boring and pipe jacking may either be 'specified 
requirements' in Class A or method-related charges where at the dis
cretion of the Contractor. 

Lengths of support and protection to pipelines shall include fittings 
and valves but exclude manholes and chambers that provide breaks in 
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the support or protection (rule M11). The materials used shall be stated 
but not the cross-sectional dimensions, which are obtainable from the 
Drawings. Nominal bore ranges are given in the third division, 
although the actual nominal bore can be given where only one pipe 
size is involved (5.14 of CESMM3). The bed items include excavation 
and they can be combined with haunches or surrounds where they are 
of the same material (rules C1, D2 and A3). Wrapping and lagging of 
pipes are measured in metres, including the lengths occupied by 
fittings and valves (rule M12). 

Concrete stools and thrust blocks are enumerated and descriptions 
include the type of concrete and appropriate range of concrete 
volume, with no separate measurement of formwork or reinforcement 
(rule C2). Other isolated pipe supports are also enumerated but stating 
the principal dimensions, materials and the height measured in 
accordance with rule DS. 

Worked Examples 

Worked examples follow covering the measurement of a sewer and a 
water main. 
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Example XV (Drawings Nos. 19 and 20)- Sewer 

It is desirable and quicker, and there is less risk of error if sewer and 
manhole schedules are prepared on the lines indicated in this exam
ple. The 'taking-off' process then becomes greatly simplified, merely 
involving the extraction of the particulars from the schedule and com
bining totals where appropriate. 
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For layout reasons, and for ease of reading, this page has intentionally been 
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Sewer Schedule 

Type and Size Length of Pipe Nr & Size 
Location of Pipe in m of )unctns. 

MHs 1-2 225 mm cone. 90.000 
pipe less mhs 1.200 

88.800 

2-3 225 mm cone. 162.000 
pipe 90.000 

72.000 
less mhs 1.200 

70.800 

3-4 150 mm gvc 205.000 
pipe 162.000 

43.000 
less mhs 1.200 

41.800 

4-5 150 mm gvc 265.000 4nr 
pipe 205.000 100/150 mm 

60.000 
less mhs 1.200 

58.800 

5-6 150 mm gvc 321.000 4 nr 
pipe 265.000 100/150 mm 

56.000 
less mhs 1.200 

54.800 

6-7 150 mm gvc 387.000 
pipe 321.000 

66.000 
less mhs 1.200 

64.800 



Length of 
Trench 
1.5-2 m 
(Total 
Depth) 

35.800 (field) 
6.000 (road) 

58.800 
(road) 

54.800 
(road) 

13.000 
(road) 
51.800 
(verge) 

Measurement of Pipework 

Length of Length of Length of 
Trench Trench Trench 

2-2.5 m 2.5-3 m 3-3.5 m 
(Total (Total (Total 

Depth) Depth) Depth) 

16.300 14.000 
(field) (field) 

70.800 
(field) 

217 

Length of 
Trench Nrof 

3.5-4 m Hedge and 
(Total Fence 

Depth) Crossings 

6.500 1 fence 
(road) 1 hedge 
10.000 
(verge) 
42.000 
(field) 

2 hedges 

1 hedge 
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Manhole Schedule 

Total 
Depth 

+ 170 mm Depth of 
Manhole Ground Invert (for base and 1200 mm 

nr Level Level channel) Rings 

1 240.000 236.000 4.000 1.500 

2 238.800 236.300 2.500 750 

3 238.500 236.540 1.960 600 

4 238.650 236.755 1.895 450 

5 239.000 237.055 1.945 600 

6 239.000 237.335 1.665 300 

7 239.400 237.665 1.735 300 

Totals 15.700 4.500 

Depth of 
1200-

675mm 
Taper 

600 

600 

600 

600 

600 

600 

600 

7nr 
(4.200) 

Depth of 
675mm 

Rings 

1.000 

300 

1.300 
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Combined 
Nr of depth of 

Depth Step Cover, 
of Type of Irons Cover Slab 
215 mm m.h. Sewer }unctions Type of (all in pre- & Base 
bwk. Cover Sizes Size & Channel cast units) Wall Location 

nr 

150 Medium 2/225 225 straight 10 750 field 

100 Medium 2/225 225 curved 5 750 field 

Medium 1/225 225-150 4 750 field 

1/150 straight 

95 Heavy 3/150 1/150 150 curved 4 750 road 

with junctn. 

Heavy 21150 150 curved 4 750 road 

15 Heavy 21150 150 curved 3 750 road 

85 Heavy 2/150 150 straight 3 750 road 

445 3 Med. 5/225 1/150 33 nr 

4 Heavy 10/150 
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215mm brickwork In 
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5 'ER EX AMPLE XV 
~IPE:WORI(-PIPES 

Cone. ~i~Jfs of clas5 M to The description of the pipea 
BS 5911 w. f1 & s flexible shaLt iklc!ude materials, joint 
,its.1 t1()'Y!. bore: 225 mm ill types, oominaL bore.9 a.1d littirrg 
• 
trerrcnes. !RfUiremertt&1 rui!fr refenttces to 
Between mcmholts 1 & ~ 5ritish stlll'ldards where, 

a.wropriate(rule A'2 C1f doss I). 
10·50 Dept¥1: 2- 2-Brn (mns 2-3 The Locations uf pipe rum shaU-

ifl field. 1224.1 also be givw for iderrlification 
p!Arpo5es (rule A I) om differing 
UJortiny wrrdmona rwu.Hing ifr 

1&·30 Deptit: 2·5- ~m (mhs 1-2 diffm costs shall aloo be 
til field. I225.1 idMtfiro. 

Pip€9 i4'l irellches are ~bdividfd 

Depth: o- B·B m (mhs 1--2 
~ h total deplh ranges wterro 

14·00 ill ire ihfrd divf&fon Of daas I. 
ffr field. 12213.1 The pipe items rilclude ~cavafiot1, 

p~aralion of surfl1Ct'91 dleposaL 
ofeXcavafro maieriaL1 ~ 

(mhs 1-2 6·~0 ~pftl = ~·?-4 m srdfs of e:rccrvation, lxlckfiUing 
r.t1 rood. 1221.1 and remova~ of dead services 

(rule C.2). 
Lfll~9 are meaBured up fu /he 

10·00 I?f{JtK1 : 3 ·5 - 4-wt (rnhs 1-2 rkl6fde 6Uiface& of manhole UKJlJs 
WI verge. 1221.2 (.rule M~). 

AtKJ amcrere or oiher prutcttfon 
to pipee woold m measulld under 

42·00 Depttl; 3·5 -4m lmks 1-2 aaGSL 
WI field. 1221.5 The c.hooge of pipe material 

0t1d bore etrlzl,ils a new heading, 
C~ gf~5 of normal guaU~ foUowro tlj ire appropriak 
to %5 w. s & s fle,:ible jts.1 locai iona~ riemrce. 
trom.bore: 1'30 mm WI trenches. AU ire, necessary particuiam 

Bflweet1 manholes ~ & 1 
ron be extracted direct from k 
sewer sc¥tedule.. 

a;.so DepffJ : 1·5 - '2 WI (mhs3-4 
tfJ field. l 113.1 

1'5. I 

222 

5 5 5 5 

%5 
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PIPE lA ORK 

I 

4-

I 
-

I 
I 

4 

PIPE\ VO R 

l -

4--

I 

(Contd.) 

~tKl: 1·5- 2. m (mh& 3-A. 

lk1 road. 
(rnns 4-s 

(mhs s-6 

(1'r1~ 6-1 
1113·2 

~: I·S- 2m (W1h9 6-1 
IN! verge. 1113·3 

- fiTT I NCl& & YMYE5 

(',.[~ pi~ ffll£1~ to 135 65 
w. s &s fle,x .. tts. 

Jl.l¥1ctiOYI5 & brat!ches: 
nom. oore: 1100 mm. (,mks 4-5 

JIZI 
8< 

lmh&S-6 

Stopp-ers i Y\Owt. bore: 
100 rnm. J191 

- MAN HO L£:5 AND 

PI PEWO'I2.K. ANCILLAI2!E5 

Ma11fwles 

Precastconc.dept¥1; I·S-2mj 

iype CMH I ( Dwg. 20) W. c.i. 
c.over to BS.491 ref (mh 3 
MB2-50 K152·1 

Precast- WYIC. deptl1: I·S -2m; 
type CMHI (Dwg. 20) w.c.i. 
CDVU fo BSA91 (ttths 4- 5 61 I I I 

ref. MA- 50 Kl5'2·2 

15.2 
223 

C.Ovttitwe wiitl -tl1e mt.USLArem&ti 
?ftite pi~ C1K1d ftl.mlcp utrbL aLL 
have bee¥! wfm'd. ~ d1fCk 

agrut~et tlre schedule mtn~ atrd 
c.ro66 QUi eacir il:tm ll5 transferred 
to -tlte dimmeiorrs shrel:5. 
Similar provisions apply to 
httrMg descriptfon9 as for pipes 
(rule.& Cl, C.2 CIMd AI IJf da95 J). 

The acfuaJ bores of dllfJ pipe 
filiJlgs skowd be Btated, a9 
preecribed b~ rult AI ofc.lass J. 
Where fitting6 wmprise pipes 
of d.iff~ rl?~nal bores, fll~ 
5ha.« be cfos.stftro 1¥1 ihe third 
division by tre not!Una! bore af 

ilte largest pipe(ru/e OlafdassJ). 

M(U1hole types or mart 
rt umbera are to be WI elUded ivr 
item descriptiort9 and 'file 
constructwnaL partiouiaro are
btairre:i from itle ctetail~a 
rowifi[J&. Separr.tfe itettt5 are 

reqvirro fr1' mo~ of dlffewri 

0 

d 

lt1 ateriaJ&, it! riifferentdeplilrrmges 
nd wilh diffemi CMJ81 but 
ant'lole iiems are deemed to 
elude all items af metalUXX'k 

a 
m 
lfl 

a nd pipework 1 ofiter ilwn valves 
u1e C3 of class K.). (r 

R 
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6-00 --

59·00 --

54-90 --

1"3·00 -

6·50 
-

4/ \·20 -

(Contd_} 

Precast conc.depitJ: 2- 'l·5 m; 
T~~ CMH I (Dwg. 20) w. c.i. 
CDWI to B5497 ref. ( mh Q 

MB2-50 KI53 

Preco.& amc. depth: 3·5-4-M; 
Type CMHI (Dwg. 20) w. c.i. 
cover to B& 491 ref. ( m h I 
MB'2.-50 K15& 

Crossings 

Hedges; pipe nom. bore: 
n.e. ooo mm. ( mhl) 1-4 

K641 

M-Ice; pipe 110m. bore: 
n.e. 300 mm. (mhs 1-2 

K661 

Q~netttfume.vtf 

Brearg. up & (rnn& 3-4 
ternpy. reittshltemMt 
of rda.; pipe twm. (rnfta 4-5 

oore: n.e. 000 mm j 
flexible rd. coY!Sfn. l~h~ 5-6 
max. depll1 : 7f:J mm. 
w. '200 mm lmns 6-1 
sub-base. 

(mht? 1-2 

tns 4-,S 
0& 1 

K111 

15.3 

224 

A Ltenuxtiv~, ~a ell mflt1hole 
co uld be a11oca:tro a sepamte 
iAj pe number onh rnatV!ole 
5 

U'1 

cnedt«e, bui !)Us would re&Uil 
twmerous separaie items of 

mi lar manhol~e whic¥1 i6 clear~ 
ot -/Jte idmtion of CESMMo. 

si 
n 
The moonole scheriwe will assist 
-f.he -renderer in pricing. 

The d.itcl1 crossing ~not taken 
as il is assu mro not-to exceed 
I m wide (rwe M5 ofc!as5 K). 
rt £5 not rrecesoo.ry tv dassify 
septlrately pipes ri differing 
tUJtmna-t bores if wrltri n T.Vre stlme 
pipe bore range in ihe tvlird. 
diviuion, as ~ wW have Wile 
affeck on price. 
A wmbiVJed item of breobng up 
aNtd mnstnternem t6 required 
for paved surfaces meaaured in 
metres Ol'l ifle u nee of tfre pipe 
trenches. 7he -up CWid ma:<il'lium 
depfJJ of surfu ce i6 stated i¥r ihe 
descrir;Hon, bli no item~ 
required for removalllt1d rein
statement of k£rbs (rule CB of 

daoo K.). 
At~ acMitlona.l lei1gtf! ~ giVm to 
pick up reinst-atement (JJer ihe 
manholes, which is excl.udfd 
fmWt +JJe pipe Levtgtlls. Ptpe 
nmgre are adequate for TJUs 
daoo of wort:. 
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m-oo 

\4·00 

4-'2·00 

10·80 

3/ 1·20 

'5\· so 

lO·OO 

4-

(C<mtd.) 

12e.instflfewret1t (mro 3-4-

of grassland·, 
pipe rwm. bore: (mha 1-2 

n.e. 300 mm. 
(mhs 1-2 

(mh& 1-2 

(!t1hs 2-o 

~h51.2& 
Kl?l·l ~ 

QtAnstateme~ ~hs frl 
of roadside wge; 
pipe rwm. lx>re: ne. (W~hs 1-2. 

oOOmm. K191 

Marter posffi i (;Mha + -6 

50 x sox £,00 mm 
oak set .Wl CDVIO. (W!h& S-6 

base. !l.~20 

15.4 

225 

t2tinstate.rneMt of roadside verges 
hae been bpt- SftXJraie frrMr 
graeFlorrd to aJJru.lfhe tewiererro 
price it different~, attd as iUs 
16 not !Med 1¥1/lre sec(Wld 
d.ivisiOYI1 IJ1e dlg·ri 9 i6 ifrsertro 
if! ile code. 
ieetit1g of pipee wauld oo covered 
by a 6emra1 h (A'lfiJ). 

Ch~ck ifle sewer schedule to 
e+taure thai d1J. L~~a have 
beB'l fake¥1. The Oi'1.i86iOt1 of 

quontifies !6 a sertoue matter. 

The marker potJlv are needed to 
lirdicate h ~mona of -the 
Jurrctione.Item descripti0t1a are 
fD W!clude stzee t1¥1d tijpes of 
po5ts (rul.e A II of dass K ). 

4-

Y-l·SO Y-l·SO Y-l·SO 



DRAWl NG NO. 21 

connection to existing 250mm main 
250 a 250 mm tee 

A 
250 to 150 mm taper & 
150 to 100 mm taper 

100mm S.V 
100mm cap 
250mm S.Y. 

NOTE : 

The water main is to be laid 
below grass verges throughout 
its entire length. The verges 
have already been excavated 
to formation level and the 
main is to be laid with 
750 mm of cover 

G 
250 mm S.Y. ready for 
future connection 

SCALE 1250 

air valve 

WATER MAIN 

B 
250 mm 45° bend 

C 250 mm 45° bend 

226 

250 mm cast iron class '8' spun 
pipes with socket and spigot 
joints caul ked with lead and 
laid in 5· 5 m lengths 

E 

F 

washout valve 

250 mm S.Y. 
250 a 250 mm tu 
250 to 150 mm taper 
150 to 100 mm taper 
100mm S.Y. 
100mm plug 

C 

C 

C 

washout washout washout 

washout washout washout 

washout 



W1TER MAIN 

1·50 

41-50 

16·00 

49·50 

!'!6·50 

~-50 

lf>·OO 

P\PcWORK. -PIPE& 

Cost (spun) rron 5&& 

pipes toe& IQII (cia~ B) 
wit¥1 caulked /eod .@.; rrom. • 
bore: 200 mm 
(A- G on Dw9. Nr. 21) 

In treK~cnes, (m A 
depltr: n.e. l·fJm. 

(A-B 

(e>- c, 

(c-o 

(o- E 

~-F 

(F-G 

EXAMPLE XVI 

The materia.L,joilitype I.Vld 
rom(nal bore 6halA be givevr witlt 
references to Brltt&h starrdards 
where t1f¥oprillie (rwe A2 of 
daf£1 I) . 
The wcatiorr of each itfWI or 
group of similar iiems IS to be 
given, so ihaf ~pipe rnna carr 
be idetttrfied by reference to i'le 
drawirrgs (rule A 1). 

Lmgtirs of pipe6 are mtasur«< 
on their cemre titfe8, illcluding 
lite leJI(jths occupied l1j fHfirrgs 
and va1vre (rule M?J ). 
1hi s ilem if!d !Adeslhe provision, 
lAying t»td jointivrg of pipes Itt 
iret1cltes and excavating, 
preparing surfaces, di.sp0601 uf 
excavafro matuial, upkoldmg 
sides of a-cnvation, backfiUirrg 
al'!d rernova~ of drod services 

1-----------U (ruJ.e C2). 
Trettch depth ron~e& are 

I322 

'2/ 

PIPE:V 012.\( f-IT11NG& & VALVE& 

cast (sp!MI) Lf"on s&& 
tJitJe fritas. fo 13& I'll I 
(class B) wHir caul.ked 
!rod .;to. 

I Taptrj tWm. bore: (A&F 
lf>O- 200 mm. 

J332 

iaper; nom. bore: (A&F 
100 - 100 mm. 

J331 

\6.1 
227 

meaa~ from Commfl'leing 
Surface to lfrverlo of pipes 
(rweD~). 

FrMLt1gs "re wumuatm giving 
similar particulars as for pipes. 
Arrangit1g alJ. ire item& under 
appropriate hoodiklgs reduces ite 
L~ of ertlrfes mfd gratps 
items read~ fur biJJW!g. 
Locafiot1 referfklces tne 9ivm ill 
waete for ide~ication purpoaea. 

I '2/ 



w~ E. R r 1\ A It-- feontd.) 
The frAtU1gs i.tem6 ore reaLly 2/ I J!.tYtctions & bnmches; 'erlro over' itws oa -the pipes, -

nom. bore : 2BO x 250 wrlfl their accornpa~g 
x 250 mm. (A&F excavation and back: · have 

J322.1 already been mea9urn:i for the 

Jul'lchons & branches; 
~gtfr& occupi~ by flltings. 

Verttca~ berrds l¥l metn~ pipework 
nom. bore: 250 x 2?0 etceedi~ 300 mm bore have tv 
x 63 mrn w. ffcmged (~~F be so described (rule A:? of dassJ). 
branch. J32'2.2. ]1 srrict complidrrce witn 

2/ Bend& ; nom. bore: (B&C 

CESMM3,/t!e an91es of bends and 
I effudive l.et1fjtt!S UXJuld regiven 

-
250 WIIYl I 4-ff. J312.1 w hero lV!e nominaL tue exceeds 

~oornm. Hence the addition af 

2/ 
ang lee WI iflfse item& t6 oor a 

8wdt7; nom. bore: ~&E requirement of the CESMM,but 

250 mm, 22Y2~ J312.2 io W1cl.uded as being of assistance 
to ihe estimaivr. Note uee af 
suffixes to ca-Jer additionaL 

3/ I FICWigfci spigats; description&. 
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14 Measurement of Tunnels 

The cost of tunnelling is influenced greatly by the nature of the ma
terial to be excavated and supported, and because of its relative in
accessibility before work is under way, it cannot be assessed accurately 
at tender stage. The work is highly mechanised and therefore extreme
ly expensive, but is also subject to severe constraints owing to limita
tions of access and area of working face, and the uncertainty of ground 
conditions. 

The cost uncertainty is generally greater than with other types of civil 
engineering work and the rules of measurement take this into account 
by limiting the risk borne by the Contractor, principally through the 
measurement of compressed air working, temporary support and 
stabilisation. 

Thus rule A1 prescribes that work expressly required to be executed 
under compressed air shall be measured separately stating the gauge 
pressure in stages. Items are also to be included as specified require
ments under Class A for the provision and operation of plant and 
services for this work. Hence the responsibility for deciding the extent 
of compressed air work and the operative air pressure rests with the 
Engineer when formulating the Bill. Any deficiencies will be sub
sequently rectified through variation orders. 

Rule M8 prescribes that 'both temporary and permanent support and 
stabilisation shall be measured', and these are not restricted to the 
normal 'expressly required' provision. Thus the Contractor will be 
reimbursed for the amount of support and stabilisation he provides at 
the billed rates, regardless of the quantity inserted in the Bill. This 
work includes installing rock bolts or steel arches, erecting timber 
supports, lagging between arches or timbers, applying sprayed con
crete or mesh or link support, pressure grouting and forward probing. 
Hence most of the risk to the Contractor arising from the extent of 
support and stabilisation is removed. 

Some engineers fear that contractors will be tempted to undertake 
more support work than is really justified, having inserted favourable 
rates in the Bill. There are however safeguards built into the contractual 
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arrangements: the Engineer is empowered by the ICE Conditions of 
Contract to supervise the construction of the works and also the 
Contractor when pricing the Bill is in competition with other tender
ers. Furthermore there is little incentive for the Contractor to slow 
down the driving operation to carry out unnecessary support work. 

Barnes5 recommends that tunnelling should be suitably divided into 
separate bill sections, in accordance with paragraph 5.8 of CESMM3, 
because of the significant effect of location and construction method 
on tunnelling costs. 

The excavation of tunnels and shafts is kept separate as is also that in 
rock from other stated material. An excavated surface measurement in 
m2 is taken for the pricing of excavation and disposal of overbreak and 
subsequent back grouting to fill voids. Excavation rates are deemed to 
include disposal of excavated material off the site unless otherwise 
stated in item descriptions (rule C1). The volume of excavation, and 
areas of excavated surfaces and in situ linings are based on payment 
lines shown on the drawings, while any cavity formed outside these 
payment lines is deemed to be overbreak. Where no payment lines are 
shown on the drawings, the overbreak starts either at the limit of the 
permanent work to be constructed in the tunnel or shaft or at the 
minimum specified size of the void required to accommodate the 
permanent work (rules M2, M4 and M5). Separate items for excavation 
and linings are needed for curved or tapered tunnels and shafts, 
tunnels sloping at 1 in 25 or steeper, and inclined shafts (rule A3). The 
diameter used for classification and inclusion in item descriptions of 
excavation for tunnels, shafts and other cavities shall be the external 
diameter (rule 02). 

Preformed segmental linings are measured by the number of rings, 
since both the cost of lining materials and of labour is proportional to 
them, and this eliminates the need to make an accurate prior assess
ment of creep. Item descriptions for preformed segmental linings 
are to state the nominal ring width and list the components of one 
ring of segments, often including the number of bolts, grummets 
and washers, and the maximum weight of a piece of segmental lining 
(rule A9). 

Barnes5 describes how pressure grouting (T83*) refers to the treat
ment used to support and stabilise the ground surrounding a tunnel 
and thus constitutes a distinct and separate item from back grouting of 
voids resulting from overbreak. 

Worked Example 

A worked example follows covering the measurement of a cast iron 
tunnel lining. 
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15 Measurement of Rail Track 

Since the materials for rail track may be supplied by the Employer, 
supplying and laying track are measured separately. Track foundations 
alone are covered by items that include both supplying and laying. 
'Supply' includes delivery of components to the site (rule C3), while 
'laying' comprises all work subsequent to delivery of components to 
the site (rule C8). Where track is not to be supplied by the Contractor, 
the location is to be stated in accordance with rule A13 of Class S. 

Separate items are required for bottom ballast, placed before the 
track is laid, and top ballast, which is placed after the track is laid. The 
volume of top ballast indudes the volume occupied by the sleepers 
(rule M1). The ballast rates must allow for the cost of boxing up, 
trimming to line and level and tamping after the track has been laid. 

Enumerated items for the supply of sleepers shall state the type, size 
and identify fittings attached by the supplier (rule A8). Item descrip
tions for the supply of rails shall give the section reference or cross
sectional dimensions and the mass/metre of the weighted rail (rule A9). 
Item descriptions for turnouts and crossings shall state the type and 
shall be deemed to include timbers, fittings and check rails (rules A10 
and C6), while the enumerated items for chairs, base plates, fishplates 
(in pairs) and related items are deemed to include fixings, keys, clips, 
bolts, nuts, screws, spikes, ferrules, track circuit insulators, pads and 
conductor rail insulator packings (rule CS). 

It is unnecessary to give lengthy descriptions of materials for linear 
track laying items, the type and mass/metre of rail and type of joint and 
sleeper only being required by rule A15. Laying plain track is measured 
along the centre line of the track (two rail) and includes sleepers and 
fittings (rule C9), and shall include the lengths occupied by turnouts 
and diamond crossings (rule M8). Forming curves in plain track are 
separated according to the radius (not exceeding and exceeding 300 
m), and constitute 'extra over' straight track items to pick up the 
additional costs. The term 'plain track' denotes track consisting of 
ordinary lengths of running rails. Item descriptions for laying turnouts 
and diamond crossings shall state their type and length (rule A16) and 

237 



238 Civil Engineering Quantities 

for buffer stops shall include their approximate weight (rule A18). 
The classification of S 2 ** covers taking up existing track, with the 

track measured in metres and other items enumerated. Item descrip
tions shall state the amount of dismantling, details of disposal of track, 
and the type of rail, sleeper and joint (rule A3). Another classification 
(S 31-5 0) provides for the measurement of lifting, packing and slewing 
existing track, measured by number, but stating the length of track 
(rule 03), maximum distance of slew and the maximum lift (rule AS). 
This entails separate items for dealing with different lengths. 

Worked Example 

A worked example follows covering the measurement of railway track. 

Example XVIII- Railway Track 

150 m length of straight single track; excavation assumed to have been 
measured. 

Specification Notes 

(1) Ballast. The ballast shall be clean, hard broken stone to pass a 60 
mm ring, laid to a width of 3.15 m. The bottom ballast shall be laid after 
the formation has been prepared and rolled to a depth of 450 mm 
below top of rail level. 

Before the sleepers are laid, bottom ballast shall be laid to a consoli
dated depth of 150 mm. The permanent way material shall then be laid 
and the sleepers packed up with the top ballast for a width of 375 mm 
on each side of each rail. After the rails have been accurately adjusted, 
lined and surfaced, the top ballasting shall be completed for a width of 
3.15 m and neatly trimmed and boxed flush with the sleepers. 

(2) Sleepers. Sleepers shall be of creosoted redwood, 2.60 m long 
and 250 by 125 mm in section laid at 750 mm centres. The faces of the 
sleepers shall be dressed under each rail to accommodate chairs, etc. 

(3) Rails. The gauge of the railway track shall be 1435 mm and the rails 
shall be steel flat bottom (BS113A) and weighing 56 kg/m and supplied 
in 18 m lengths. 

(4) Fishplates. The fishplates shall be of the four-hole type and 
weighing 14 kg/pair. Steel fish bolts and nuts to be 24 mm by 120 mm 
long, weighing 0.85 kg each. 

(5) Chairs. The chairs are to be of cast iron, standard variety, 
weighing 20 kg each, bolted to the sleeper with 3 nr chair bolts 22 mm 
diameter by 185 mm long with washers 80 mm square, weighing 1 kg 
each. The keys are to be steel spring keys to railway standard pattern. 
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(6) Tracklaying. The rails shall be accurately laid to line, level, gauge 
and to the correct radii of the respective curves, with such super
elevation on the outer rail on curves as may be required by the En
gineer, and the price for tracklaying must include all these costs. 

Metal slips 8 mm thick, shall be inserted in the rail joints to provide 
expansion spaces and shall be kept in the joints until the rails have 
been lined and secured. 

No closing length of less than 4.50 m shall be used and all cuts in rails 
shall be square and clean. The prices inserted by the Contractor shall 
include for all cutting and waste arising out of the tracklaying and the 
whole of the work shall be carried out in accordance with present-day 
first-class railway practice. 
Note: current practice is normally to use welded rails fastened to 
prestressed concrete sleepers with Pandrol rail fastenings to give im
proved performance. The method of measurement is similar to that 
used for the more traditional track. 
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ra.iL5. track. ~ measured or~g the 
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16 Measurement of Sewer and Water 
Main Renovation and Ancillary Works 

Sewers: Renovation Techniques 

Renovation is defined in the Water Research Centre (WRc) manual32 as 
'methods by which the performance of a length of sewer is improved 
by incorporating the original sewer fabric, but excluding maintenance 
operations such as isolated local repairs and root or silt removal'. WRc 
has classified renovation techniques under the three broad categories 
of stabilisation, linings and coating, each of which is now described 
in outline. CESMM3 class Y incorporates these techniques but also 
ancillary works involved in the preparation of existing sewers, such as 
cleaning, removing intrusions, closed-circuit television surveys, plug
ging and filling laterals and other pipes and local internal repairs. 

(1) Stabilisation involves the pointing and chemical grouting of joints. 
(2) Linings are of three types: essentially, type I uses the structural 

capacity of the existing sewer and requires a bond between the 
lining and the grout, and the grout and the existing structure; type 
II is designed as a flexible pipe requiring no bond between the 
lining and the grout or the existing structure, and no long-term 
strength is assigned to the existing sewer; and type Ill provides 
permanent formwork for the grout, and the lining cannot be 
assumed to contribute to the long-term strength of the sewer. 
Linings are mainly formed of glass reinforced cement, glass rein
forced plastic and resin concrete. 

(3) In situ gunite forms an effective structural coating. 

When considering the renovation option, the five most significant 
issues are economics, hydraulic capacity, materials considerations, 
strength and installation aspects. WRc has also given advice on deter
mining the overall hydraulic effect of renovation on the sewer network 
resulting from changes in cross-sectional area and roughness co-
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efficients. With the exception of sliplining in pipe sewers, lining tech
niques in general do not have a detrimental effect on hydraulic capac
ity, and many techniques can improve the capacity of brick sewers. 
Furthermore, for the leading lining materials sufficient durability data 
have been accumulated to justify design life predictions of SO years. In 
most renovation systems, annulus grouting is necessary to ensure 
satisfactory performance. 

Sewers: Renovation Measurement 

Section Y of CESMM3 covers the preparation and renovation of exist
ing sewers, the provision of new manholes to existing sewers and work 
to existing manholes. A new item has been inserted in CESMM3 (Y 1 3 
0) to cover closed circuit television surveys, as they are becoming used 
extensively, normally with a facility for taking in-sewer colour photo
graphs, together with reports coded in accordance with the Manual of 
sewer condition specification. 33 Specified requirements in Class A 
could be used for such work as confirming sewer dimensions and core 
sampling. While the Contractor may be given the opportunity to enter 
method-related charges for exploratory trenches, temporary access 
shafts, pumping, diversionary works and the like.5 

The principal characteristics of the main sewer are to be stated (rules 
A2 and AS), while rules A3 and A4 distinguish between 'man entry' and 
'no man entry' sewers where the Engineer dictates the choice of 
method. 

The preparation of existing sewers under classification Y 1 ** in
cludes preparatory work such as removal of silt, grease, encrustation 
and tree roots, which is carried out prior to sewer renovation. In some 
cases, preparation work may form a preliminary contract to help in 
establishing the condition of the existing sewers before a realistic 
assessment can be made of the stabilisation and renovation work. 

Most items of preparation work to existing sewers are enumerated 
(removing intrusions, plugging laterals and local internal repairs), 
while cleaning and closed-circuit television surveys are measured as 
linear items, and filling laterals and other pipes in m3 , with locations 
clearly defined as in rule A1. Stabilisation of existing sewers can be 
carried out by pointing (in m2), pipe joint sealing (by number), or 
external grouting (grout holes by number and grout injected in m3). 

The measurement of cleaning to existing sewers is classified very 
simply in Y 1 1 0, although it will be necessary to identify differing 
cleaning requirements and standards for varying locations billed in 
accordance with rule A1. The cleaning items are deemed to include 
making good damage resulting from the cleaning work but not other-
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wise (rule C2). For example, the Contractor cannot be held responsible 
for sewer damage exposed by the cleaning but not caused by it. 

Removing intrusions in existing sewers are classified into three 
groupings in Y 1 2 1-3. An intrusion is a projection into the bore of the 
sewer. Artificial intrusions may encompass isolated projecting bricks, 
projecting rubber 0 rings and dead services. While laterals comprise 
any drains or sewers which are connected to the sewer being reno
vated, which are prepared by cleaning (Y 11 0) or by sealing (Y 1 4-5*), 
with sealing/filling of laterals and other pipes measured in m3 • Local 
internal repairs covered by Y 1 61-3 are repairs to the structural fabric 
of the sewer which are to be carried out from inside the sewer. Typical 
examples are isolated patch repairs, repairs to bellmouths and Y junc
tions which are not to be renovated and repairs around laterals. 

Stabilisation of existing sewers is carried out by pointing, joint seal
ing and grouting as Y 2 1-3*. Different types of pointing such as hand 
pointing and pressure pointing are distinguished by the different loca
tions in accordance with rule A1. External grouting is only measured 
where it is expressly required to be carried out as a separate operation 
from annulus grouting in Y 3 6 0 (rule M4), and consists of the grouting 
of voids outside the existing sewer from inside it other than in the 
course of annulus grouting (rule D3). 

Renovation of existing sewers encompasses a variety of techniques 
and materials for improving the performance of sewers, each with their 
distinct advantages and disadvantages, and including striplining 
(lengths of pipe lining jointed before being moved into permanent 
positions), in situ jointed pipe lining (lengths of pipe linings jointed at 
permanent positions), segmental lining (circular or non-circular sewer 
linings made up from pairs of upper and lower segments jointed near 
their springings), stated proprietary lining, and gunite coating of stated 
thickness- all measured as linear items. 

Where the Contractor is permitted to choose the appropriate 
renovation technique to be used, the procedure will be described in 
the preamble as 5.4 of CESMM3. Curved work is defined as in situ 
jointed pipe lining and segmental lining curved to an offset which 
exceeds 35 mm per metre (rule A9). 

Another alternative is the grouting of annular voids, mainly to con
solidate the brickwork and seal cracks, and may be used to fill voids 
which have been formed outside the existing sewer, and is measured 
in m3 • 

Laterals may also need realigning or jointing and are inserted as 
enumerated items, with the item descriptions including the type of 
lining to which laterals are to be connected and identification of lat
erals which are to be regraded (rule A10). Lateral items are deemed to 
include the work involved in connecting to the lining within 1 m from 
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the inside face of the lined sewer (rule C6). Where the grading work 
involves a longer length of lateral, a separate item is required to cover 
the work. 

The installation of new manholes and the abandonment, removal 
and replacement of existing manholes are enumerated. Full details of 
work to existing manholes shall be included in item descriptions (rule 
A15). Class Y 6** prescribes the rules for the measurement of new 
manholes and these are identical to those contained in Class K 1** 
(pipework- manholes) and the associated measurement, definition, 
coverage and additional description rules. Items for new manholes 
which replace existing manholes shall be deemed to include breaking 
out and disposal of existing manholes (rule C11 of ClassY). 

Interruptions to work through excessive flows are measured under 
Clause Y 8** only where a minimum pumping capacity is expressly 
required and for periods of time during normal working hours, when 
the flow in the sewer exceeds the installed capacity requested by the 
Engineer, and the work is interrupted (rule M7). The unit of measure
ment is the hour, and the Engineer shall prescribe the minimum pump
ing capacity which he considers adequate. Rules A1 and A2 subdivide 
the interruption item by location and sewer type and size. The works 
embrace preparation, stabilisation and renovation of sewers, in addi
tion to work on laterals and manholes. 

Water Mains Renovation: Measurement 

This is a new section inserted in CESMM3 in parallel with renovation of 
sewers. Cleaning of water mains to be renovated is measured in metres 
taken along the centre lines, and shall include the space occupied by 
fittings and valves and state the nominal bore (Class Y 5 1 * and rule 
M6). Removing intrusions and pipe sample inspections are enumer
ated, while closed circuit television surveys, cement mortar lining and 
epoxy lining of existing mains are taken as linear items. 

Pipe sample inspections and closed circuit television surveys shall 
include work carried out either before or after cleaning and lining (rule 
05), while items for sample survey inspections shall be deemed to 
include replacing the length removed by new pipework (rule C7). Item 
descriptions for linings include the materials, nominal bores and lining 
thicknesses (rule A11). 

Worked Examples 

Worked examples follow covering the measurement of sewer and 
water main renovation and ancillary works. 
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SIZE.; \0?0 Xl50 mm, 
EGG SHAPED 

IZertovabl. of xtg. savers 
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17 Bill Preparation Processes 

Working-up 

This chapter is concerned with the final stages leading up to the 
preparation of bills of quantities for civil engineering work, after the 
dimensions have been 'taken-off'. The term 'working-up' is applied to 
all the various operations collectively and can comprise the following 
processes. 

(1) Squaring the dimensions and entering the resultant lengths, areas 
and volumes in the third or squaring column on the dimensions 
paper. 

(2) Transferring the squared dimensions to the abstract (illustrated in 
example XXI), where they are written in a recognised order, ready 
for billing, under the appropriate section headings, and are sub
sequently totalled and reduced to the recognised units of 
measurement in readiness for transfer to the bill. 

(3) In the bill of quantities, the various items of work making up the 
project are then listed under appropriate section headings, with 
descriptions printed in full and quantities given in the recognised 
units of measurement, as laid down in the Civil Engineering Stan
dard Method of Measurement (CESMM3). The bill also contains 
rate and price columns for pricing by contractors when tendering 
for the project. 

Billing-direct 

The working-up process, which has been used for many decades in 
quantity surveyors' offices, is very lengthy and tedious, and various 
ways of shortening this process have been developed. One of the first 
methods to be introduced was to 'bill direct', by transferring the items 
direct from the dimension sheet to the bill, thus eliminating the need 
for an abstract, and so saving both time and money. 

The billing-direct system can be used where the number of similar 
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items is not too extensive and the work is not too complex in character. 
Drainage work is a particular instance where this shorter method can, 
with advantage, be adopted, particularly when pipework and chamber 
schedules have been prepared. 

With the object of speeding up the working-up process and reduc
ing the staff time involved, further methods using computers oc
casionally on a national basis, or a 'cut and shuffle' system in the 
quantity surveying office have been developed. These more recent 
methods will be described later in this chapter. 

Squaring the Dimensions 

The term 'squaring the dimensions' refers to the calculation of the 
numbers, lengths, areas and volumes and their entry in the third or 
squaring column on the dimensions paper. The following examples 
illustrate the squaring of typical dimensions on dimensions paper. 

When there are timesing figures entered against the item to be 
squared, it is often simpler to multiply one of the figures in the 

Dimensions Notes 

7121 15.20 212.8 Fwk. fair fin. Linear item: 
-- hor. width: Total length is 212.80 m 

0.1-0.2 m. or 212 metres, 800 milli-
metres (14 x 15.20 m) 

90.00 Fwk. fair fin. Square or superficial 
10.00 900.0 vertical. item: area is 900 m 2 

--

90.00 Placing of mass Cubic item: 
2.40 cone. in bases & Volume of concrete is 
1.00 216.0 grd. slabs, thickness 321 m 3 • Note method of 
-- ex. 500 mm. casting up a series of 
50.00 dimensions relating to 
2.10 the same item with the 
1.00 105.0 total entered in the 
-- -- --- description column and 

321.0 the use of the bracket. 
Deductions following 
the main items can be 
dealt with in a similar 
manner. 
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dimension column by the timesing figure before proceeding with the 
remainder of the calculation. Alternatively, the total obtained by 
the multiplication of the figures in the dimension column is multiplied 
by the timesing figure. 

The squaring must be checked by another person to eliminate any 
possibility of errors occurring. All squared dimensions and waste cal
culations should be ticked in coloured ink or pencil on checking and 
any alterations made in a similar manner. Amended figures need a 
further check. Where, as is frequently the case, calculating machines 
are used for squaring purposes a check should still be made. 

Abstracting 

An example showing typical completed abstract sheets is given in 
example XXI, later in this chapter, and the items will subsequently be 
produced in bill form in example XXII. The abstract in example XXI 
covers the dimensions for the stone-faced sea wall taken-off in exam
ple VIII (chapter 8), where the dimensions have been squared in 
readiness for abstracting. As each item is transferred to the abstract the 
description of the appropriate dimension item is crossed through with 
a vertical line on the dimension sheet, with short horizontal lines at 
each end of the vertical line, so that there shall be no doubt as to what 
has been transferred. 

The abstract sheets are ruled with a series of vertical lines spaced 
about 25 mm apart and are usually of A3 width. 

Each abstract sheet is headed with the project reference, sheet 
number and section of the work, and possibly the sub-section of the 
work, to which the abstracted dimensions refer. The section headings 
normally follow those given in the Civil Engineering Standard Method 
of Measurement (CESMM3) and are usually produced in the same 
order. 

Entries in the abstract should be well spaced and it is necessary for 
the worker-up to look through the dimension sheets, before he starts 
abstracting, in order to determine, as closely as possible, how many 
abstract sheets will be required. They should not be any closer than the 
entries in example XXI. 

The items will be entered in the abstract in the same order as they 
will appear in the bill, as far as is practicable, since the primary function 
of the abstract is to classify and group the various items preparatory to 
billing, and to reduce the dimensions to the recognised units of 
measurement. Descriptions are usually spread over two columns with 
the appropriate dimension(s) in the first column and any deductions in 
the second column. The total quantity of each item is reduced to the 
recognised unit of measurement such as kilogrammes to tonnes. 
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It is good practice to precede each description in the abstract with 
the prefix C, S, Lor Nr, denoting that the item is cubic, square, linear 
or enumerated to reduce the risk of errors arising with regard to units 
or quantities. 

As to the order of items in each section or sub-section of the ab
stract, the usual practice is to adopt the order of cubic, square, linear 
and finally enumerated items, with labour items preceding labour and 
materials, smaller items preceding larger ones and cheaper items pre
ceding the more expensive in each group, but at the same time also 
having regard to the sequence of items in CESMM3 including the order 
of code numbers. 

Where it is necessary to abstract a number of similar items but of 
different sizes, the best procedure is to group these items under a 
single heading with each size entered in a separate column, as shown 
in the following example. 

Cast (spun) irons & s pipes to BS 1211 (class B) w. caulked lead jts. 
in trenches, depth ne 1.5 m 

150 mm dia. 225 mm dia. 300 mm dia. 375 mm dia. 

154.00 (6) 104.00 (7) 226.00 ('10) 204.00 (11) 
186.00 (9) 192.00 (8) 176.00 (11) 142.00 (12) 
218.00 (10) 184.00 (9) 

The number entered in brackets after the dimension represents the 
page number of the dimension sheet from which the dimension has 
been extracted, for ease of reference. 

All squaring and abstracting work and the transfer of the abstract 
items to the bill must be checked by a second person to verify their 
accuracy. 

Billing 

Example XXII, given later in this chapter, incorporates the billed items 
for the stone-faced sea wall, based on the entries in the abstract 
forming example XXI. As each item is transferred to the bill it is crossed 
through on the abstract to prevent any possibility of errors occurring 
during the transfer stage. 

The order of billed items will be the same as in the abstract, as far as 
is practicable, and they will be grouped under suitable section head
ings. There may be a number of preamble clauses at the head of each 
section relating to financial aspects of the work in the section con-
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cerned and giving guidance to the Contractor in his pricing of the 
items. 

Each item in the bill is indexed, usually by the numbering of items in 
the first column possibly incorporating CESMM3 coding. It will be 
noticed that all words in the billed descriptions are inserted in full 
without any abbreviations and this procedure should always be fol
lowed to avoid any possible confusion. 

Provision is usually made for the total sum on each page of the bill 
relating to a given section of work to be transferred to a collection at 
the end of the section. The total of each of the collections is trans
ferred to a Grand Summary, the total of which will constitute the 
tender total. This procedure is preferable to carrying forward the total 
from one page to another in each section, since the subsequent recti
fication of errors in pricing may necessitate alterations to a consider
able number of pages. 

Billed descriptions should conform to the requirements of CESMM3, 
follow in a logical sequence and be concise, yet must not, at the same 
time, omit any matters which will be needed by the Contractor if he is 
to be able realistically to assess the price for each item. 

The first bill is likely to cover General Items incorporating Specified 
Requirements and Method-related Charges, where the Contractor can 
price items that are not proportional to the quantities of Permanent 
Works. 

Recent Developments in Bill Preparation 

General Introduction 

New measurement and processing techniques have been introduced 
in recent years and they are now being used to an increasing extent, 
since they are resulting in a speeding up of working-up operations and 
a reduction in the overall cost of preparing bills of quantities. 

Over the years many quantity surveyors and engineers have ex
perimented with a number of systems designed to eliminate part of the 
working-up process. These systems include the elimination of the 
abstract by billing direct as described earlier in this chapter, taking-off 
direct on to abstract sheets and using full descriptions in the abstract to 
permit the abstract to be edited as a draft bill. It was, however, gener
ally found that each of these systems could only function satisfactorily 
under a certain set of conditions and were not, therefore, of universal 
application. 
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'Cut and Shuffle' 

The system of 'cut and shuffle' was developed in the early 1960s and by 
the late 1970s was probably the most widely used method of entering 
dimensions and descriptions. It has been aptly described as a rational
ised traditional approach. Unlike abstracting and billing there is no 
universally accepted format and many different paper rulings and 
methods of implementation are used in different offices. 

However, the following criteria apply to most systems: 

(1) Dimensions paper is subdivided into four or five separate sections 
which can subsequently be split into individual sections. 

(2) Only one description with its associated dimensions is written on 
each section. 

(3) Dimension sheets are subsequently split into separate slips and 
sorted into bill work sections and eventually into bill order. 

(4) Following the intermediate processes of calculation and editing, 
the slips form the draft for producing the final bill of quantities. 

The cut and shuffle method is designed to eliminate the preparation 
and checking of the abstract and the draft bill. Hence there is only one 
major written operation, namely taking-off, compared with the three 
entailed with abstracting and billing. 

One method of carrying out the technique is now described. 

(1) Taking-off is carried out on A4 sheets of dimensions paper, ruled 
vertically into four columns, and thus accommodating four items 
per sheet. Dimensions are entered on one side only of each sheet 
and each column is generally stamped with the project reference 
and numbered consecutively. 'Ditto.' items must include a refer
ence to the column number of the main item, where full particu
lars can be found. 

(2) As sections of the taking-off are completed, the side casts are 
checked and repeat dimensions calculated. 

(3) When the taking-off is complete, each column is marked with the 
taking-off section number, work section reference and column 
number. A copy of each dimension sheet is obtained, generally 
either by using NCR (no carbon required) paper or by photo
copying. However, some systems operate without the need to 
produce a copy. 

(4) The taker-off retains the copy and the original sheet is cut into 
four slips, each containing one item. Some quantity surveyors use 
sheets that are already perforated. 

(5) The slips are shuffled or sorted into sections, such as Earthworks, 
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In situ Concrete, Concrete Ancillaries and Precast Concrete. Simi
lar items are collected together and the whole of the slips placed, 
as near as possible, in bill order. 

(6) When all the slips for an individual work section have been 
sorted, they are edited to form the draft bill, with further slips 
being inserted as necessary to provide headings, collections and 
other relevant items. The correct unit is entered on the 'parent' or 
primary item slip and the 'children' or repeat item slips are 
marked 'a. b.' (as before). As each section is edited it is passed to a 
calculator operator for squaring. 

(7) The calculator operator squares, casts, reduces and inserts the 
reduced quantity on the parent item slip. This operation is double 
checked. 

(8) Parent and children slips are separated. The parent slips form the 
draft bill and are ready for processing. 

(9) Any further checks on the draft bill are then carried out and final 
copies made and duplicated. 

(10) The children slips are then replaced to provide an abstract in bill 
order for reference purposes during the post-contract period. 

Microcomputers and Bill Production 

Many makes of microcomputer came on to the market in the 1980s at 
constantly reducing prices. They generally consist of a combined 
keyboard and monitor (visual display unit or screen), one or two floppy 
disk (disc) drives and a printer of selected speed and quality. The 
floppy disks are used extensively as they are relatively cheap and 
possess quite fast data transfer speeds. However, the hard disk sys
tems provide increased storage capacity and higher operating speeds. 
The main disadvantage of microcomputers stems from the incompati
bility of much of the equipment. The risk of loss or damage is easily 
overcome by making duplicate copies of all disks. 

An increasing use is being made of microcomputers for the prepara
tion of bills of quantities, resulting from the reducing cost of hardware 
(equipment) and the improved range and efficiency of software (pro
grams). This has culminated in the provision of a more efficient, im
proved and faster service. The newer models enable more data to be 
held on the computer with greater ease of access. An increasing num
ber of software packages (programs) are available and these permit the 
production of bills in different formats. 

Computer-aided bill production systems provide the facility to check 
accuracy, but care is needed in the coding of dimensions and entry of 
data. Modern computerised billing systems can, however, print out 
errors in the form of tables. The coding can be double checked, 
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although a random check may be considered adequate. The need to 
engage outside agencies for computerised bill production has been 
largely eliminated. 

Hence the use of computer-aided bill of quantities production pack
ages eliminates the reducing, abstracting and billing operations by 
converting coded dimension sheets into bills of quantities. Codes are 
frequently based on the CESMM3 reference codes to form a standard 
library of descriptions. Items not covered by the standard library are 
termed rogue items but these are unlikely to be very extensive. The 
rogue items are suitably coded and entered into either the standard 
library or the particular project library. The computer normally prints a 
master copy of the bill of quantities which can be photocopied on to 
ruled paper to give a high standard of presentation. 

Data input systems vary and some offices prefer every taker-off to 
have a work station and to input his own dimensions and descriptions 
and/or codes as he proceeds. An alternative is for the data to be 
collected centrally and to be input by a machine operator, thus permit
ting the taker-off to avoid the coding if he wishes. It is mainly a 
question of finance, as to whether it is cheaper for the taker-off to 
spend a little longer and look up his own codes or whether it is better 
for a lower-paid member of the staff to do the work. Local circum
stances will normally provide the answer, and the size of office and 
type of workload will have an influence. 

There are various types of data input system available. Thus the input 
method can incorporate traditionally prepared dimensions, suitably 
coded, or the organisation can use direct keyboard entry with auto
matic squaring or a fully integrated digitiser. 

Range of Computer Programs 

Microcomputers can be used to advantage in many activities associ
ated with civil engineering projects and the following selection gives 
an indication of their wide range and scope, stemming from their 
extensive storage capacity, and ease of retrieval of data and monitoring 
of progress. 

(1) bills of quantities production 
(2) automatic measurement of some civil engineering works 
(3) materials scheduling, possibly linked with computer-aided design 

(CAD) 
(4) steel reinforcement calculations 
(5) earthwork calculations (cut and fill) 
(6) specification production 
(7) feasibility studies and cost control 



260 Civil Engineering Quantities 

(8) cost reporting 
(9) estimating and tendering 

(10) tender analysis 
(11) budgetary controls 
(12) valuations 
(13) formula price adjustment 
(14) variations and final accounts 
(15) fee management 
(16) quotations and enquiries 
(17) cash flow forecasting 
(18) capital programming 
(19) project planning and control 
(20) progress statements 
(21) resource analysis 
(22) sub-contractors' payments 
(23) maintenance scheduling 
(24) plant and equipment scheduling. 

/CEPAC 

The leading software system for civil engineering bill preparation and 
contract administration is the ICEPAC (Telford) System. This incor
porates the CESMM3 Standard Library, operates on a wide range of 
hardware, has direct access to the CESMM3 Price Database, links to 
CAD and the Moss Drainage System, and has digitiser input and many 
other facilities. 

CESMM3 Library of Item Descriptions 

The CESMM3 library of Item Descriptions34 interprets the relevant 
rules and allows the user to select appropriate information for addition 
to the basic description derived from CESMM3. The aim is to provide 
sufficient information whereby a user can build up complete item 
descriptions in 90 per cent of cases by direct reference to the library. 

The library will enhance the manual preparation of civil engineering 
bills using traditional methods by eliminating the need to refer regu
larly to other sources to produce complete item descriptions. The 
library has been compiled with computer usage in mind and hence its 
adaptation to the needs of computer systems is relatively simple. The 
library is available in several commercially available software packages, 
of which the leading one is ICEPAC as previously described. 
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Example XXII - Bill of Quantities for Stone-faced Sea Wall 
(prepared from Abstract in example XXI) 

Number Item Description Unit Quantity Rate 

EARTHWORKS 
General Excavation 

E422 Maximum depth 0.25--0.5 m. m3 23 
E424 Maximum depth: 1-2m. m3 91 
E426 Maximum depth: 5-10 m; 

Commencing Surface: high 
water level. m3 1086 

Excavation Ancillaries 
E522 Preparation of excavated 

surfaces. m2 240 
E532 Disposal of excavated 

material. m3 947 

Filling 
E613 Filling to structures. m3 254 

Page total 

Amount 

£ p 
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Bill of Quantities (contd.) Stone-faced Sea Wall 

Amount 

Number Item Description Unit Quantity Rate £ p 

IN SITU CONCRETE 
Provision of Concrete 

F224 Designed mix, grade C10, 
cement to BS 12, 40 mm 
aggregate to BS 882. m3 956 

Placing of Concrete mass 
walls thickness: exceeding 
500 mm; backing to masonry 

F544.1 Below high water level. m3 884 
F544.2 Above high water level. m3 72 

CONCRETE ANCILLARIES 
Formwork rough finish 

G123.1 Sloping, width: 0.2--0.4 m; 
below high water level. m2 21 

G144.1 Vertical, width: 0.4--1.22 m; 
above high water level. m2 66 

G145.1 Vertical; below high water 
level. m2 420 

Page total 
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Bill of Quantities (contd.) Stone-faced Sea Wall 

Am unt 

Number Item Description Unit Quantity Rate £ p 

PILES 
Interlocking steel piles type 
2N, section modulus 1150 
cm 3/m, grade 43A to BS 4360. 

P832 Driven area. m2 225 
P833 Area of piles of length: not 

exceeding 14 m; treated with 
two coats of bitumen paint. mz 225 

Total 
PAVINGS 
Light duty pavement 

R713 Ash base, depth: 75 mm. m2 180 
R782 Red precast concrete flags to 

BS 7263 typeD; thickness: 50 
mm. mz 180 

Total 
Note: Two different classes 
have been inserted on the 
same page because of the 
small number of items 
involved. Hence it is 
necessary to have two totals 
for transfer to the Grand 
Summary. 

Page total 
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Bill of Quantities (contd.) Stone-faced Sea Wall 

Amount 

Number Item Description Unit Quantity Rate £ p 

MASONRY 
Ashlar masonry Portland 
stone flush pointed with 
mortar type M3 

U731 Vertical stone wall; 
thickness: 300 mm, fair faced 
both sides. m2 27 

U736.1 Battered facing to concrete; 
thickness; nominal 400 mm, 
above high water level. m2 42 

U746.1 Ditto., thickness: nominal 
600 and 400 mm, in alternate 
courses, average 514 mm, 
below high water level. m2 252 

U771.1 Coping 1125 x 600 mm 
rounded with sinkings as 
Drawing 10. m 60 

U771.2 Coping 450 x 225 mm, twice 
weathered and twice throated 
as Drawing 10. m 60 

U777.1 Plinth 525 x 600 mm, twice 
splayed as Drawing 10. m 60 

U782 Damp-proof course; width: 
300 mm, two courses of 
slates laid breaking joint in 
mortar type M3. m 60 

Page total 
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Appendix 1-Abbreviations 

a.b. as before 
a.b.d. as before described 
additnl. additional 
adj. adjoining 
a.f. after fixing 
agg. aggregate 
alt. alternate 
ancills. ancillaries 
appd. approved 
ard. around 
art. artificial 
asp. asphalt 
attchd. attached 
av. average 
A.V. air valve 

backg. backing 
battg. or batterg. battering 
bd. board 
bdg. boarding 
bearg. bearing 
beddg. bedding 
bellmth. bel/mouth 
benchg. benching 
b.f. before fixing 
b.i. build in 
bit. bitumen or bitumastic 
bk. brick 
bkg. breaking 
bldg. building 
b.o.e. brick on end 
borg. boring 
bott. bottom 

b. & p. bed and point 
br. branch 
brr. bearer 
b.s. both sides 
BS British Standard 
bwk. brickwork 

cal. plumb. calcium plumbate 
calkg. caulking 
cap. capacity 
cast. casement 
cat. catalogue 
ccs. centres 
c. & f. cut and fit 
chan. channel 
chbr. chamber 
chfd. chamfered 
chn-lk. chain link 
chy. chimney 
c.i. cast iron 
eire. circular 
circum. circumferential 
c.m. cement mortar 
commg. or commncg. 

commencing 
comp. composite 
compactn. compaction 
cone. concrete 
conn. connection 
constn. construction 
c.o.p. circular on plan 
copg. coping 
cos. course(s) 
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Appendix I - Abbreviations 

covg. covering 
c. & p. cut and pin 
Cr. Contractor 
c.s. cross-section 
csa cross-sectional area 
csg clear sheet glass 
ct. cement or coat 
cu cubic 

ddt. deduct 
deckg. decking 
delvd. delivered 
dep. deposit 
dia. or diam. diameter 
diag. diagonally 
dim. or dimng. diminishing 
dist. distance 
do. ditto. (that which has been 

said before) 
dp. deep 
d.p.c. damp-proof course 
dr. door 
drvg. driving 
DTp Department of Transport 
dwg. drawing 

ea. each 
embankt. embankment 
eng. engineering 
Eng. English 
Engr. Engineer 
ent. entrance 
e.o. extra over 
ex. exceeding or extra 
exc. excavate 
excavn. excavation 
ext. external or externally 

facewk. facework 
fcg. or facg. facing 
fdn. foundation 
f.f. fair face 
fillg. filling 
fin. finish 

fittg. fitting 
f .I. floor level 
Flem. Flemish 
flex. flexible 
floatg. floating 
fir. floor 
F.O. fix only 
follg. following 
form. formation 
fr. frame 
frd. framed 
frg. framing 
frt. front 
ftg. footing 
fwd. forward 
fwk. formwork 
fxd. fixed 
fxg. fixing 

galvd. galvanised 
gen. general 
g.i. galvanised iron 
g.l. ground level 
glzg. glazing 
g.m. gauged mortar 
grano. granolithic 
grd. ground 
grdg. grading 
greenht. greenheart 
grtd. grouted 
g.s. general surfaces 
gtg. grating 
gth. girth 

H.A. highway authority 
ha hectare 
h.b. half brick 
h.c. hardcore 
hi. high 
holl. hollowed 
hor. horizontal 
h.r. half-round 
ht. height 
hwd. hardwood 
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h. w .I. high water level 
H.W.O.S.T. high water of spring 

tides 

inc. including 
int. internal or internally 
inti. internal 
invt. invert 
irreg. irregular 

jt. joint 
jtd. jointed 
junctn. junction 

kg. kilogramme(s) 
km kilometre(s) 
k.p. & s. knot, prime and stop 

I. labour 
Ia. large 
L.A. local authority 
layg. laying 
len. length 
lev. level 
lg. long 
lin. linear 
ling. lining 
l.m. lime mortar 
long. longitudinal 
I. w .I. low water level 

m metre(s) 
matl. or mat. material 
max. maximum 
mech. mechanically 
med. medium 
memb. membrane 
mesd. measured 
met. metal 
m.g. make good 
m.h. manhole 
min. minimum 
mm millimetre(s) 
mo. mortar 

mars. mortice 
m.s. mild steel 
m/s. measured separately 

nat. natural 
n.e. not exceeding 
nee. necessary 
nom. nominal 
nr. number 
n. & w. nut and washer 
n. w. narrow widths 

o/a overall 
0.0. Ordnance Datum 
o'hg. overhang 
opg. opening 
ord. ordinary 
orig. original 
oslg. oversailing 
ov'll overall (alternative to ala) 

patt. pattern 
pavg. paving 
p.c. prime cost 
P.ct. Portland cement 
perm. permanent 
p.hse. pumphouse 
pilg. piling 
p.m. purpose made 
ppt. parapet 
pr. pair 
prepd. prepared 
prepn. preparation 
proj. projection 
provsnl. provisional 
psn. position 
p.s. pressed steel 
P.st. Portland stone 
pt. paint 
ptd. pointed 
ptg. pointing 
ptn. partition 
pumpg. pumping 



Appendix I -Abbreviations 

qual. quality 

rad. radius 
rakg. raking 
r.c. or r. cone. reinforced 

concrete 
rd. road 
rdd. rounded 
reb. rebate 
rec. receive 
red. reduced 
ref. reference 
reinfd. reinforced 
reinft. reinforcement 
reqd. required 
ret. retaining 
retd. retained or returned 
retn. return 
r. & g. rubbed and gauged 
r. h. rivet head 
r .I. red lead 
rly. railway 
ro. rough 
r.s. rolled steel 
r.s.j. rolled steel joist 
r.w. rainwater 

scrd. screwed 
sec. or sectn. section 
seedg. seeding 
settg. setting 
sk. sunk 
s.l. short length 
sli. slight 
slopg. sloping 
sm. small 
smth. smooth 
soc. socket 
soff. soffit 
spec. specification 
speed. or specfd. specified 
spld. splayed 
sq. square 
s.q. small quantities 

s. & s. spigot and socket 
st. stone or straight 
stan. stanchion 
stand. standard 
stl. steel 
stlwk. steelwork 
strt. straight 
struct. structure 
surf. surface 
surrd. surround 
susp. suspended 
S.V. sluice valve 
S.W. surface water 
swd. softwood 

t tonne 
tankg. tanking 
tapd. tapered 
tarmac. tarmacadam 
tbr. timber 
tempy. temporary 
t. & g. tongued and grooved 
th. thick 
thro. through or throated 
timbg. or timberg. timbering 
tr. trench 
trimmg. trimming 
trowld. trowelled 

UB Universal beam 
UC Universal column 
u/c undercoat 
u/s underside 

vert. vertical 
vol. volume 

w. with 
W.A. water authority 
walg. waling 
wd. wood 
wdw. window 
wethd. weathered 
w.i. wrought iron 
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wk. work 
W.O. wash-out 
workg. working 
w.p. waterproof 
wrot. wrought 
wt. weight 

xtg. existing 

Civil Engineering Quantities 

Y.st. York stone 

Note: The abbreviation CESMM3 
has been used extensively 
throughout this book and refers 
to the Civil Engineering Standard 
Method of Measurement, Third 
Edition. 



Appendix 11-Mensuration Formulae 

Figure 
Square (side) 2 

Area 

Rectangle length x breadth 

Triangle 1h x base x height 
or V[s(s - a)(s - b)(s - c)] 
where s = Yz x sum of the three sides and a, band c 
are the lengths of the three sides 

Hexagon 2.6 x (side)2 

Octagon 4.83 x (side) 2 

Trapezoid height x 1f.z (base + top) 

Circle (22/7) x radius2 or (2217) x % diameter2 

(nr2 ) (n0 2/4) 
circumference = 2 x (22/7) x radius or 

(2nr) 
(2217) x diameter 

(nO) 

Sector of 1h length of arc x radius 
circle 
Segment area of sector - area of triangle 
of circle 
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Figure Volume Surface Area 

Prism area of base x height circumference of base x 
height 

Cube (side)3 6 x (side)2 

Cylinder (22/7) x radius2 x length 2x (2217) x radius x 
(rtr2h) (length + radius) 

[2rtr(h + r) J 

Sphere (4/3) x (22/7) x radius3 4 x (2217) x radius2 

(4/3rtr3 ) (4rtr2) 

Segment of (2217) X (height/6) X curved surface = 2 x 
sphere (3 radius2 + height2) (2217) x radius x 

[(rth/6) x (3r2 + h 2 )] height (h) 
(2rtrh) 

Pyramid 1!3 area of base x height 1f.z circumference of 
base x slant height 

Cone 1!3 x (22/7) x radius2 x (22/7) x radius x slant 
height height (/) 

(1!3 rtr2h) (nrl) 

Frustum of 1!3 height [A + B + V(AB)J 1f.z mean circumference x 
pyramid where A is area of large slant height 

end and B is area of small 
end. 

Frustum of (2217) x 1!3 height (R 2 + r 2 (2217) x slant height (R + r) 
cone + Rr) where R is radius of [rti(R + r)J 

large end and tis radius where I is slant height 
of small end. 
[1!3 rth(R 2 + r 2 + Rr)] 

For Simpson's rule and prismoidal formula see chapter 6. 



Appendix Ill-Metric Conversion Table 

Length 

Area 

Volume 

Mass 

1 in. = 25.44 mm [approximately 25 mm, then 
(mm/100) x 4 = in.] 

1 ft = 304.8 mm (approximately 300 mm) 
1 yd = 0.914 m (approximately 910 mm) 
1 mile = 1.609 km (approximately 13/skm) 
1 m = 3.281 ft = 1.094 yd (approximately 1.1 yd) 

(10 m = 11 yd approximately) 
1 km = 0.621 mile (Sfa mile approximately) 

1 ft2 = 0.093 m2 

1 yd2 = 0.836 m2 

1 acre = 0.405 ha [1 ha (hectare) = 10 000 m2] 

1 mile2 = 2.590 km2 

1 m2 = 10.764 fe = 1.196 yd2 

(approximately 1.2 yd2) 

1 ha = 2.471 acres (approximately 21fz acres) 
1 km2 = 0.386 mile2 

1 ft3 

1 gal 
1 litre 

1 lb 
1 cwt 
1 ton 
1 kg 

= 0.028 m3 

= 0.765 m3 

= 35.315 fe = 1.308 yd3 

(approximately 1.3 yd3 ) 

= 28.32 litres (1000 litres = 1 m3 ) 

= 4.546 litres 
= 0.220 gal (approximately 41fz litres to the 

gallon) 

= 0.454 kg (kilogram) 
= 50.80 kg (approximately 50 kg) 
= 1.016 t [1 tonne = 1000 kg = 0.984 ton] 
= 2.205 lb (approximately 21fs lb) 
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Density 

Velocity 

Energy 

Thermal 
conductivity 

Civil Engineering Quantities 

1 lb/fe = 16.019 kg/m3 

1 kg/m 3 = 0.062 lb/ffl 

1 ftls 
1 mile/h 

1 therm 
1 Btu 

1 Btu/fe h °F 

= 0.305 m/s 
= 1.609 km/h 

= 105.506 MJ 
= 1.055 kj 

= 5.678 W/m2 oc 

Temperature x °F 
X°C 
0 oc 
5 oc 
10 oc 
15 oc 

= 5f9 (x - 32) oc 
= 9Js (x + 32) °F 
= 32 oF (freezing) 
= 41 °F 
= 50 °F (rather cold) 
=59 °F 

Pressure 

20 oc = 68 °F (quite warm) 
25 oc = 77 °F 
30 oc = 86 oF (very hot) 

1 lbf/in.2 

1 lbf/fe 
1 tonf/in. 2 

1 tonf/fe 

= 0.0069 N/mm2 = 6894.8 N/m2 

(1 MN/m2 = 1 N/mm2 ) 

= 47.88 N/m2 

= 15.44 MN/m2 

= 107. 3 kN/m2 

For speedy but approximate conversions 

1 lbf/fe 
kN/m2 

= 20 hence 40 lbf/ft2 = 2 kN/m 2 

and tonf/ft2 = kN/m2 x 10, hence, 2 tonf/ff = 20 kN/m 2 

Floor loadings office floors- general usage: 50 lbf/fe = 2.50 kN/m2 

office floors- data-processing equipment: 70 lbf/fe = 3.50 kN/m2 

factory floors: 100 lbflft2 = 5.00 kN/m2 

Safe bearing 
capacity 
of soil 

1 ton/fe 
2 tonf/ft2 

4 tonf/ft2 

= 107.25 kN/m2 

= 214.50 kN/m2 

= 429.00 kN/m2 



Stresses 
in 
concrete 

Costs 

Appendix Ill- Metric ConVf'!rsion Table 

100 lbflin. 2 = 0.70 MNim2 

1000 lbflin.2 = 7.00 MNim2 

3000 lbflin.2 = 21.00 MNim2 

6000 lbflin.2 = 41.00 MNim2 

£1Im2 = £0.092/fe 
1 shilling (5p)lfe = £0.538lm2 
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£11fe = £10.7641m2 (approximately £11Im2) 

£2.50ife = £271m2 

£Sife = £541m2 

£7 .501ft2 = £81Im2 

£10ife = £108lm2 

£151fe = £162lm2 

£20ife = £216lm2 

£251fe = £2691m2 

£30/fe = £3231m2 

£40ife = £431lm2 

£SOife = £5381m2 
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Abbreviations 76, 272--6 
Abstract 79, 254-5 

typical sheets 262-5 
Adjustment item 58 
All-in contracts 1~19 

Alterations 24-6 
Anchorages 188 
Annulus grouting 245, 249 
Ashlar 151, 152 
Asphalt 

flat roof covering 161 
tanking 157 

Backdrop 211 
Ballast 237, 238, 240 
Banks 

soiling and seeding 91, 99 
trimming 91, 99 

Bar reinforcement 105, 119, 174 
Bar schedule 113 
Baxter adjustment formula 35--6, 58 
Beams 

concrete 101-2, 107, 12(}-1 
steel 183-4, 188, 193 

Bellmouth excavation 200 
Benching 141 
Bends 143, 208, 223, 228 
Billing 

paper 1, 57 
procedure 255--6 
ruling 57 
typical sheets 266-9 

Billing, direct 252-3, 256 
Bills of Quantities 

coding 47-8 
contract 13-14 
definition 3~9 
descriptions 45-7, 51-3 
format 4~58 

functions 1-2 
numbering of items 47-8 
preambles 44, 5(}-1 
preparation 4~58, 247--69 
pricing 57-8 
principal quantities 4Cf-50 
rates 57-8, 71-3 
ruling 57 
units of measurement 1, 55 

Blinding 155 
Blockwork 122-3 
Bolts 175, 176, 182, 183, 184, 185, 

186, 188, 193 
Bond 40 
Boreholes 80, 81 
Box steps 144 
Breaking up brickwork, etc. 83, 86 
Brickwork 

band courses 123, 133 
building pipes into 123, 142-3 
built battering 123, 13(}-1 
classification 122-3 
curved 123, 13(}-1 
damp-proof courses 123, 129, 160 
fair faced work 123, 132-3, 143, 

157, 165 
footings 129 
joint reinforcement 123 
manhole 134-44 
plinths 133 
tall chimney 12~33 
valve chambers 211, 22Cf-30 
walls of pumphouse 157 

British Standards 37 
Building measurement 5, 6-7, 43-4 

Certificates 12, 32-5, 40 
CESMM3 

changes 3-4 
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definitions 42-3 
effect on pricing 71-3 
general principles 43-5 

Channels 183, 185--6 
Chequer plate 189, 193 
Chimney, tall brick 128-33 
Civil engineering contracts 4-6, 

12-21 
Claims 25--6 
Clay pipes 208, 222-3 
Cleats 182, 184, 185, 187, 193 
Closed circuit TV surveys 244, 246, 

247, 251 
Coding of items 47-8 
Columns 48, 101-2, 107, 189, 192 
Competitive tendering 41 
Computers 258--60 
Concrete 

accessories 106, 111, 116, 117 
ancillaries 103-6, 110-11, 117-19 
bases 101, 109, 115, 156 
batching 100-1 
beams 101-2, 103, 107, 121 
benching 141 
blockwork 122-3 
columns 48, 101-2, 103, 107 
crossings 206 
culverts 102, 107 
decking 174-5 
designed mix 100-1, 109, 114-15, 

121, 173 
fair finish 104, 106, 110, 116, 117, 

158, 161, 174 
floors 115, 155 
formwork 72, 103-4, 110-11, 116, 

117,118,139,140,174,175 
in situ 72, 100-5, 109-11, 114-19, 

137-41, 155--6, 160-1, 173-4 
inserts 106, 118 
joints 105 
lintels 165 
piers 102 
piling 72, 172, 173 
pipes 222 
placing 101-3, 109-10, 115-16, 

137-41, 155, 156, 173-4 
precast 48, 106-7 
prescribed mix 100-1 
prestressed 105--6, 120-1 
provision 100-1, 107, 114-15, 

137-41, 155, 156, 173-4 
pumping chamber 112-19 

reinforced 104-5, 115-16 
reinforcement 46, 104-5, 118-19, 

161, 174 
retaining wall 108-11 
roads 195-218 
roofs 160-1 
sea wall 146-53 
segmental units 107 
slabs 101, 107, 116 
standard mix 100-1 
surround to pipes 208, 213 
transporting 100 
walls 101, 103, 116, 149-51 

Consideration 10 
Construction Industry Research and 

Information Association 3 
Construction management 

contracts 21 
Contingencies 54 
Contour line 93-4 
Contracts 

all-in 18-19 
bill of quantities 13-14 
building 23 
civil engineering 12-21 
construction management 21 
cost plus fixed fee 17 
cost plus fluctuating fee 17 
cost plus percentage 16-17 
cost reimbursement 16-18 
definition 8 
design and build 18-19 
documents 22-4, 36-41 
drawings 39-40 
enforcement of 10 
entire 12 
fixed price 14-15 
General Conditions of 22-36 
lump sum 14-15 
management 20-1 
nature and form of 8-9 
negotiated 19-20 
price 1, 13 
price fluctuations 35--6, 58 
remedies for breach 11-12 
schedule 15-16 
simple 10 
system in civil engineering 37 
target 17-18 
turnkey 19 
types of 13-21 
under seal 9 
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validity of 10-11 
Co-ordinated project information 6 
Copings 123, 152 
Cost plus fixed fee contract 17 
Cost plus fluctuating fee 

contract 17 
Cost plus percentage contract 

16--17 
Covers 

duct 189 
manhole 144 
pumphouse 159 

Crossings 206, 237, 241 
Cut and shuffle 257--8 
Cuttings 90-2, 200-2 

Damages 11 
Damp-proof course 129, 153, 160 
Daywork 26, 51, 70 

methods of valuation 28, 51 
schedules of 28, 51, 70 

Decking 
concrete 174-5 
timber 184-5 

Defects correction certificate 35 
Defects correction period 40 
Delay and extra expense 30 
Demolition, of buildings 83, 86 

brick wall 86 
pipelines 83, 86 

Descriptions 52-3 
Design and build contracts 18-19 
Diamond crossings 241 
Diaphragm walls 82 
Dimensions 

abbreviations 76, 272-6 
deductions 77 
figured 77 
grouping of 76 
numbering and titles of 

sheets 77--8 
order of 74-5 
spacing of 74 
squaring 73, 79 
timesing 75 
use of waste 74 

Dimensions paper 73-4 
numbering and titles of 

sheets 77--8 
ruling 73 
use of columns 73-4 

Ditches 211 

Doors 161-2 
Downpipes 179 
Dredging 88 
DTp Specification for Highway 

Works 50-1, 195, 204 

Earthworks 72, 87-99, 136, 137, 
147-9, 155 

banks 91, 98 
below body of open water 38 
borrow pits 88 
classification 56--7 
cuttings 90--2, 200-2 
disposal of excavated 

material 88-9, 98, 148, 153, 
155, 200-2 

double handling 88 
excavation 87-99 
filling 88-9, 96, 98, 136, 148, 176, 

203-4 
general 72, 87, 97--8, 114 
manhole 136--7 
measurement examples 87-99 
pipe trenches 212 
pitching 89, 176 
preparation of surfaces 89, 114, 

137, 149, 155, 205 
pumphouse 155 
pumping chamber 114-19 
rates 88 
roads 200-4 
rock 50-1, 88-9 
running sand 88 
sea wall 147-9 
seeding 89, 99, 203-4 
stockpiling 88 
surfaces 43, 56--7, 87 
topsoil 87-9, 93, 95, 97, 99 
trimming 89, 99, 204 
tunnels 232, 235 
turfing 89 
upholding sides of excavation 88, 

212 
working space 88 

Edging 196, 207 
Embankments 89, 176, 203 
Estimating 1-2 
Excavated surfaces 43, 56--7, 87 
Expansion joints 205 

Fabric reinforcement 105, 118, 161, 
174 
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Fair-faced brickwork 123, 132-3, 
143, 157, 165 

Fences 178-9 
Fenders 175--6, 181 
Filling 88-9, 96, 98, 136, 148, 176, 

203-4 
Final account 33 
Fishplates 237, 238, 241 
Fixed charges 60 
Flap valves 250 
Fluctuations 35--6, 58 
Form of agreement 22 
Form of tender 40-1 
Formwork 72, 103-4, 110-11, 116, 

117, 118, 139, 140, 174, 175 
Foundations 87 
French drains 211 

Gabions 178, 179 
Gantries 190-4 
General Conditions of Contract 

22-35 
General items 64--70, 71 
General principles 43-5 
Geotechnical processes 82 
Grand summary 57 
Granular base 195, 204, 206, 207 
Grass seeding 89, 99, 203-4 
Grid of levels 93-6 
Ground anchors 82 
Ground investigation 80-1 
Grouting of sewers 247, 248, 249 
Guardrails 185 
Gullies 208, 211 
Gutters 179 

Handrailing 185 
Hedges 83, 85, 89 

ICE Form of Contract 22-36 
ICEPAC 260 
Injunction 12 
Instructions to tenderers 40 
Insurance 40, 67 
Interest on overdue payments 34 
Interim payments 12, 32-3 
Interpolation of levels 93 
Invitation to tender 41 

Jetties 170-6 
Joint Contracts Tribunal 23 
Junctions 210, 216, 223, 228 

Index 

Kerbs 196, 205 

ladders 189 
library of item descriptions 

(CESMM3) 260 
library of standard items 259, 260 
lintels 165 
liquidated damages 11 
lump sum contracts 14-15 

Macadam roads and paths 195, 207 
Maintenance work 44 
Management contracts 20-1 
Manhole 134-44,211,218-19,221, 

223-4 
abandonment 246, 250 
alterations 246, 250 
benching 141-2 
box steps 144 
brick 142-3 
channel 141-2 
concrete 137-42, 223-4 
connections 142-3 
cover slab 140 
covers 144 
replacement 246, 250 
safety bar 144 
safety chain 144 
schedule 218-19 
step irons 144 

Markers 
for pipe connections 225 
for valves 230 

Masonry 122-3, 151-2 
ashlar 151-2 
copings 152 
promenade wall 152-3 
sea wall 146--53 

Measurement 
general principles 43-5 
procedures 27-8 
processes 73-9 
ranges 45--7 
rules 45--7 
units 1, 55 

Mensuration formulae 277-8 
Metalwork 175, 176, 178, 182-5, 

187-94 
anchorages 188 
angles 192 
beams 183, 193 
blast cleaning 188 
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bolts 175, 176, 182, 183, 184, 185, 
186, 187, 188, 193 

chequer plate 189, 193 
cleats 182, 185 
columns 188, 192 
crane rails 188 
erection 183, 187, 193 
fabrication 183, 187, 192-3 
gantries 190--4 
jetties 183-4 
painting 186, 188, 194 
plates 175, 176, 182, 192 
stairways 189 
surface treatment 188 

Method-related charges 
advantages 63-4 
application 61-3 
disadvantages 63-4 
examples 67-70 
fixed 60 
general items 64-70 
objectives 59-60 
time-related 60 

Metric conversion table 279--81 
Microcomputers 258--9 
Monthly payments 32 

Negotiated contracts 19--20, 41 
New engineering contract 23 
Nominated Sub-contractors 29--31, 

70 
Numbering of items 47-8 

Order for payment of debt 11 
Overbreak 232, 235 

Painting 123-4, 162-3 
Pavings 153 
Penalty 11 
Piers 110, 122 
Piling 72, 166--77 

ancillaries 167, 172, 173, 176 
caps 173-4 
concrete 172-5 
cutting of surplus 173, 176 
extension 167 
preparing heads 173, 176 
removing obstructions 177 
steel sheet 166--7, 177 
timber 166, 175--6, 181 
to jetty 172-3, 175--6 

Pipework 209--10 

bends 210 
branches 223 
caps 228 
classification 209--10 
clay 222-3 
concrete 222 
concrete surround 208, 212-13 
connection to existing 230 
crossings 211, 224 
fittings 210--11 
flanged spigot or socket 228 
iron 227 
jacking 212 
junctions 210, 223 
man holes 134-44, 211, 218--19, 

221, 223-4 
market posts 225 
plugs 228 
protection 212-13 
reinstatement 211, 224-5 
renovation 243-6, 247-50 
schedule 216-17 
sewer 214-20, 222-5 
stoppers 223 
tapers 210, 227 
thrust boring 212 
thrust blocks 213 
valve chambers 211 
valves 210--11 

Pitching 89, 176 
Plant 69 
Plates 175, 176, 182, 192 
Plinths 133, 152 
Post tensioned concrete 105--6, 

120--1 
Power stations 7 
Preambles 44, 50--1 
Precast concrete 

beams 107, 120--1 
kerbs 196, 205 
lintels 165 
manholes 218--19, 223-4 

Prestressed concrete 105--6, 120--1 
beams 101-2, 107, 120--1 
post tensioned work 120--1 

Prime cost items 29, 31, 53-4, 66 
Principal quantities 49--50 
Prismoidal rule 90 
Provisional sums 28--9, 54-5, 66, 70 
Pumphouse 154--65 

asphalt roof 161 
asphalt tanking 156, 157 
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brick walls 157, 159 
concrete floor 156, 158 
concrete roof 160 
cover 159 
damp-proof course 160 
door 161-2 
excavation for 155 
window 163 

Pumping 68, 80, 246 
chamber 112-19 
plant 68 

Quadrants 206 
Quantities 1, 38, 42, 55 

principal 49-50 
Quantum meruit 12 
Quay 

decking 174-5 
fender piles 175-6 
piling 172--4, 175-6 

Query sheets 78 

Rails 237, 238, 240, 242 
Railway track 238--42 

bridge decks 107 
buffer stops 238, 241 
diamond crossings 237, 241 
laying 237, 238, 241 
specification 238-9 
supply of materials 227, 240, 241 
taking up track 238, 242 
turnouts 238, 241 

Ranges of dimensions 53 
Reinforced concrete 104-5, 115-16 

pumping chamber 112-19 
road 195-6, 204-5 

Reinforcement 46, 104-5, 118-19, 
161, 174 

Reinstatement 211, 224-5 
Renovation 

sewers 243--6, 247-50 
water mains 246, 251 

Rescission 12 
Reservoir 49-50 
Retention money 12-13, 33--4 
Rivets 188 
Roads 195-208 

channels 196, 205 
concrete 204-5, 206 
edging 196, 206, 207 
excavation for 200--4 
expansion joints 196, 205 
granular base 195, 204, 207 

gullies 208 
kerbs 196, 205, 206 
macadam 195, 207 
quadrants 206 
setts 206 

Rock 50-1, 87,88,89,176 
Rock-filled gabions 178, 179 
Rogue items 259 
Rubbing pieces 182-3 
Running sand 88 

Samples 80-1 
Sand drains 82 
Schedules 

contracts 15-16 
manhole 218-19 
of dayworks 26, 28, 51, 70 
sewer 216--17 

Sea wall 
concrete 149-50 
excavation 147-9 
formwork 150-1 
masonry 152 
paving to promenade 153 
steel sheet piling 149 
stone faced 146--53 

Seeding 89, 99, 203--4 
Selective tendering 41 
Setts 206 
Sewage treatment works 39--40 
Sewers 

annulus grouting 245, 249 
cleaning 244-5, 247 
closed circuit lV surveys 244, 247 
external grouting 244, 248 
in tunnel 234-6 
interruptions 246, 250 
junctions 210, 223 
local internal repairs 245, 247 
markers 225 
plugging laterals 245, 247 
removing intrusions 245, 247 
renovation 243--6, 247-50 
schedule 216--17 
segmental linings 232, 235, 243, 

249 
stabilisation 243, 245 
stoppers 223 

Sills 165 
Silting 88 
Simpson's rule 90-2 
Site accommodation 67, 69 
Site clearance 82-6 
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Site investigation 80-1 
Sleepers 175, 237, 238, 240 
Sliplining 244, 248 
Soil samples 80-1 
Specific performance 11-12 
Specification 36-8 
Specified requirements 62-3, 64-5, 

67--8 
Spikes 182-3 
Squaring dimensions 252, 253--4 
Stabilisation of existing sewers 243, 

245 
Stairways 189 
Stanchions, bases 192 

steel 192 
Standard Method of Measurement 

of Building Works 6-7 
Steel sheet piling, boring through 

obstructions 177 
connecting to existing 177 
corner piles 177 
driving 177 
method of measurement 166-7 

Steelwork 183--4, 187-94 
anchorages 188 
beams 188 
chequer plate 189, 193 
columns 188, 192 
crane rails 188 
erection 183, 187, 193 
fabrication 183, 187, 192-3 
frames 188 
gantry 190-4 
painting 186, 188, 194 
plates 175, 176, 182, 192 
stanchion bases 192 
stanchions 188, 192 
surface treatment 188 

Stoppers 223 
Structural steelwork 183--4, 187-94 
Sub-contractors, nominated 29--31, 

70 
payments to 30-1 
termination of sub-contract 30 

Supervision 69 
Surface 

commencing 43, 56, 87 
excavated 43, 56, 87 
final 43, 56, 87 
original 43, 56, 87 

Taking off 1 
general procedure 73-9 

Tapers 210, 227 
Target contracts 17-18 
Temporary works 6, 64-6, 68 

competitive 41 
Tenders 

invitation 41 
negotiation 19--20, 41 
selective 41 
total 1 

Testing 65, 67--8 
Tidal work 56 
Timber piles 166, 17~, 181 
Timberwork 178--86 

braces 182 
decking 184--5 
fenders 17~, 181-2 
guardrails 18~ 
handrailing 18~ 
in jetties 180-6 
rubbing pieces 182-3 
sleepers 175 

Time-related charges 60 
Timesing 75 
Topsoil 87-9, 93, 95, 97, 99 
Traffic regulation 68 
Trees 

planting 89 
removal 82-3, 85 
removal of stumps 82-3, 85 

Trenches 87--8 
Trial holes 80-1 
Trimming slopes 89, 99 
Tubbing 232--6 

caulking joints 23~ 
Tunnels 231--6 

caulking joints 23~ 
compressed air 231 
drilling 236 
excavation 232, 235 
forward probing 231, 236 
in cast iron tubbing 23~ 
linings 232, 235 
overbreak 232 
pressure grouting 231, 232, 235, 

236 
stabilisation 231 
support 231-2 

Turfing 89 
Turnkey contracts 19 

Undergrowth removal 82-3, 85 
Unit rates 38-9 
Units of measurement 1, 55 
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Valuation of work 2~ 
Valve 21~11, 229, 250 

air 229 
chambers 229-30 
flap 250 
gate 229 
wash-out 229 

Variation of price (labour and 
materials) 3~ 

Variations 24-6 
orders for 24-5 
valuation of 2~ 

Walkways 189 
Walls 101-4, 109-11, 115-19, 122-3, 

129-33, 138-9, 142-3, 149-53, 157 

Waste 73-4 
Water main 209-11, 227-30 
Water main renovation 246, 251 

cleaning 246, 251 
closed circuit TV surveys 246, 251 
epoxy lining 246, 251 
pipe sample inspections 246, 251 
removing intrusions 246, 251 

Waterproof membrane 205, 206 
Waterproofing 123, 156, 157 
Windows 163 
Work affected by water 56 
Work classification 45-7 
Work items 51-2 
Working up 252--6 




