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PREFACE

The role of the quantity surveyor is changing rapidly and he is now expected to
provide project and financial management services in addition to his traditional
expertise. But whatever new skills are acquired, he must still possess a sound
knowledge of building construction and the ability to take-off quantities from
drawings.

CESMM 3 Explained was published in 1992 and was described as the
definitive work on civil engineering measurement. Since publication, discussions
have taken place with quantity surveyors, engineers, academics and students and
it appeared that there was a need for a book containing examples of civil
engineering taking-off only.

This book, Taking-Off QuantitiesDCivil Engineering, re-presents the
appendices from CESMM 3 Explained together with the first two chapters which
deal with general principles of measurement and how CESMM 3 works.
Although it is expected that civil engineering and quantity surveying students
will form the major part of the readership, interest has already been expressed by
practising engineers and surveyors on the need for a book providing examples of
civil engineering taking-off accompanied by a commentary on the measurement
techniques being used.

Despite the reduction in the number of disputes since Dr Martin Barnes
produced CESMM 1 in 1976, disagreements over the definitive way to measure
engineering work continue. It is hoped that this book can play a part in reducing
this number even further and also save time and money in expensive litigation
and arbitration proceedings.

I am indebted to Rona Harper, Neil Harper and Nikki Lark for their
calligraphic skills, Paul Spain for presentation and Gil Nicholls who prepared the
drawings. I am also grateful to Stephen Booth and the Institution of Civil
Engineering Surveyors for permission to reproduce some of the information in
Chapter 9. Finally, I would particularly like to thank Len Morley for the major role
he played in the preparation of the taking-off examples.

I would welcome constructive criticism of the book together with suggestions
for improving its scope and contents. Whilst every effort has been made to
ensure the accuracy of the information given in this publication, neither the
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author nor the publishers accept liability in any way or of any kind resulting from
the use made by any person of such information.

There are now many women working in the construction industry; where the
pronoun ‘he’ is used it applies to both men and women.

Bryan J.D.Spain, FInstCES, MACostE

TWEEDS

Chartered Quantity Surveyors

Cavern Walks

8 Matthew Street

Liverpool L2 6RE
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Chapter 1
GENERAL PRINCIPLES OF
MEASUREMENT

Until comparatively recently, the person preparing the Bill of Quantities—the
‘taker-off’— had a limited choice of how to convert the information on the
drawings into a Bill of Quantities.

Traditionally the systems followed a procedure of:

Taking off - measuring from the drawings and entering the dimensions on to
specially ruled dimension paper

Squaring - calculating and totalling the lengths, areas and volumes of the
dimensions

Abstracting - collecting the totals from the dimension paper on to an abstract to
produce a final total for each individual description

Billing - reproducing the items from the abstract on to bill paper in draft form
ready for typing.

It may be that some offices still adopt this system of taking off and working-up
as they are commonly called but they cannot be in the majority. In any case there
is less need for the preparation of the abstract in civil engineering work as in
building. For example, in a school all the painting dimensions for every room are
added together on the abstract and stated in the bill as the total for the whole
project. In a sewage treatment works, however, the work will usually be
presented as a series of locational sub-bills each containing similar items; e.g. the
Inlet Works, Primary Treatment Tanks will each be billed separately and will
contain similar items. The adoption of this system greatly increases the
efficiency of the post-contract administration.

An experienced civil engineering taker-off can usually take off in bill order
and if he adopts a system of allocating only one item to each dimension sheet it
removes the need for abstracting.

Conversely, some practices have adopted a system of writing full descriptions
on the abstract sheets in bill order (a skill possessed by an experienced worker-
up) and typing the bill direct from the abstract.

In the last 30 years most quantity surveying practices have adopted the cut-
and-shuffle method. This comprises the writing of item descriptions and
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dimensions on to sensitised paper to produce two copies. When the taking off
and squaring is complete the copies are split or ‘cut’ and one copy ‘shuffled’ into
bill order with all sheets for the same item pinned together and their totals
collected to produce a final quantity. More recently, other systems have come
into use where the taker-off enters dimensions into a computer (sometimes by
using a digitiser) which will then perform the squaring, abstracting, billing and
printing functions.

Dimension paper

The ruling of dimension paper should conform to the requirements of BS3327—
Stationery for Quantity Surveying, and the paper is vertically separated into two
parts by a double line each with four columns (Figure 1).

Column A is the ‘timesing’ and ‘dotting on’ column where multiplication and
addition of the dimensions can be recorded (Figure 2).
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The practice of ‘dotting-on’ should be used only where absolutely necessary
because of the dangers of mistaking the dot for a decimal point.
Column B is the dimension column and receives the measurements taken off
from the drawings. The dimensions are normally expressed to two decimal

points (Figure 3).

It is important to note that it is the insertion of the horizontal line which
determines whether the dimension is intended as a linear, superficial or cubic

measurement (Figure 4).
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4 TAKING OFF QUANTITIES:

The dimensions should always be recorded in the order of length, width and
height. Column C is the squaring column where the result of the addition,
subtraction or multiplication of the entries in the dimension column is recorded.
Figures which are to be added or subtracted are bracketed together in the manner
shown.

Deductions are sometimes necessary where it is easier to take an overall
measurement and deduct the parts not required (Figure 5).

Column D is the description column where the item being measured is
described. This is done by using a form of standard abbreviations which have
been listed separately. This column also contains annotations giving the location
of the dimensions and waste calculations which show the build up of the figures
entered in the dimension column. (Figure 6).

Quite often two item descriptions share the same measurement and this is
indicated by linking the descriptions with an ampersand.

It may be considered desirable to insert the appropriate CESMM 3 code in the
description column as shown in Figure 6, but the value of doing this will depend
upon the subsequent method of processing the dimensions and descriptions that
is adopted.

Figure 6 (continued)

Abstracting

The skill of preparing an abstract lies in the ability of the worker-up to arrange
the items abstracted from the dimension sheets in bill order. This may not seem
too difficult a task to anyone who has not tried it, but when tender documents are
being prepared in a rush against a tight deadline (which must be 99% of the
time!) the worker-up may be handed the dimension sheets in small lots but must
lay out his abstract to accommodate items he has not yet seen.

A typical abstract is set out in Figure 7. The figures on the left-hand side are
the column numbers of the dimension sheets and the first item has been stroked
through to indicate that it has been transferred to the draft bill.
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Chapter 2
CESMM3DHOW IT WORKS

SECTION 1:
DEFINITIONS

Reference should be made to the Method of Measurement when considering the
following notes:

1.1 All the words and expressions used in the Method of Measurement and in
the Bills of Quantities are deemed to have the meaning that this section
assigns to them.

1.2 Where reference is made to the Conditions of Contract, it means the ICE
(6th Edition) Conditions of Contract issued in January 1991.

1.3 Where words and expressions from the Conditions of Contract are used in
CESMM 3 they shall have the same meaning as they have in the Contract.

1.4 Where the word ‘clause’ is used it is referring to a clause in the Conditions
of Contract. The word ‘Paragraph’ refers to the numbered paragraphs in
Sections 1 to 7 inclusive of CESMM 3.

1.5 The word ‘work’ is defined in a broader sense than that in common usage
to include not only the work to be carried out but also the labour materials
and services to achieve that objective and to cover the liabilities,
obligations and risks that are the Contractor’s contracted responsibility as
defined in the Contract.

1.6 The term ‘expressly required’ refers to a specific stated need for a course of
action to be followed. This would normally take the form of a note on the
drawings, a statement in the specification or an order by the Engineer in
accordance with the appropriate clause in the Conditions of Contract.

1.7 The °Bill of Quantities’ is defined as a list of brief descriptions and
estimated quantities. The quantities are defined as estimated because they
are subject to admeasurement and are not expected to be totally accurate
due to the unknown factors which occur in civil engineering work.

1.8 ‘Daywork’ refers to the practice of carrying out and paying for work which
it is difficult to measure and value by normal measurement conventions.
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10  TAKING OFF QUANTITIES:

1.9 “‘Work Classification’ is the list of the classes of work under which the
work is to be measured in Section 8, e.g. Class E Earthworks.

1.10 ‘Original Surface’ is defined as the ground before any work has been
carried out. It should be stressed that this definition refers not to virgin
untouched ground but ground on which no work has been carried out on the
contract being measured.

1.11 ‘Final Surface’ is the level as defined on the drawings where the
excavation is completed. Pier or stanchion bases, soft spots or any other
excavation below this level would be described as ‘below the Final
Surface’.

1.12 The definitions of ‘Commencing Surface’ and ‘Excavated Surface’ in
CESMM 1 were amended significantly in CESMM 2.

and

1.13 These amendments were made because of the confusion surrounding their
definitions. It is important when considering these changes that Rules M5,
D4 and A4 of Class E are also considered.

Where only one type of material is encountered in an excavation the
Commencing Surface is always the top surface prior to excavation and the
Excavated Surface is always the bottom surface after excavation unless
separate stages of excavation are expressly required. Complications arise,
however, when the excavation penetrates through more than one type of
material.

Previously, many takers-off were incorrectly stating the maximum depth
of each layer of material instead of the maximum depth of the excavation
itself.

The additional sentences added to Paragraphs 1.12 and 1.13 clarified
what was always intended, i.e. that the top of the excavation is the
Commencing Surface and the bottom is the Excavated Surface no matter
how many layers of different materials lie between the two.

The maximum depth of the excavation of an individual layer of material
in accordance with Paragraph 5.21 is the maximum depth of the
excavation even though the depth of the layer is significantly less. This
rule is acceptable when the excavation is a regular shaped hole in the
ground but problems arise when it is applied to a large area of land-
forming or reduced level excavation.

Figure 8 illustrates a sloping site which is being cut and filled to
produce a level surface with the topsoil removed separately. The first
operation to remove the topsoil is where the anomaly occurs. The
information which is of most interest to the estimator is the depth of the
topsoil itself. Over the filled area the Commencing Surface and the
Excavated Surface is the top and bottom of the topsoil layer and the
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maximum depth in accordance with Paragraph 5.21 is the difference
between the two.

Unfortunately this is not the case over the cut area. The Excavated
Surface is the cut-and-fill line so the maximum depth is far greater in this
area than over the filled section. This creates two separate items for
identical work. This is obviously undesirable because the estimator
requires only one item to cover all the work to be carried out under the
scope of the description. Careful thought should be given to including
either an additional preamble or enlarging the description to cover this set
of circumstances.

1.14 A ‘hyphen between two dimensions’ means the range of dimensions
between the figures quoted in excess of the first number but including the
second, e.g. ‘150-300mm’ means 151 to 300mm inclusive.

Other words commonly used in CESMM 3 are defined as follows:

‘shall’ - mandatory

‘should’ - optional

‘may’ - optional

‘given’ - stated in the Tender Documents
‘inserted’ - included by the Contractor

1.15 Problems arose in the last few years over the reference to BS numbers
where the documents were intended for use in countries belonging the
European Community, particularly Ireland. This has been overcome by the
widening of the clauses’ meaning to include equivalent standards of other
countries.
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12 TAKING OFF QUANTITIES:

SECTION 2:
GENERAL PRINCIPLES

2.1 The formal title of the document is ‘Civil Engineering Standard Method of
Measurement’ which can be referred to in an abbreviated form as CESMM.
Although not mentioned it is inevitable that the revised edition will be
called CESMM 3 and the previous versions CESMM 1 and 2.

2.2 Building (with the exception of work covered by Class Z), mechanical,
electrical or any other work which is not civil engineering, but which is
part of a civil contract should be measured in accordance with the
appropriate method of measurement for the particular work involved. An
item should be included in the Preamble to the Bill of Quantities stating
which work is affected and how it has been measured.

2.3 Although this paragraph states that the defined procedures of the CESMM
3 shall be observed in the preparation and pricing of the Bill of Quantities
and the description and measurement of the quantities and items of work,
it is possible to depart from the rules where thought appropriate. The
authority for the departure lies in Paragraphs 5.4 and 5.10.

2.4 The object of preparing the Bill of Quantities is stated as twofold. First, to
assist estimators to produce an accurate tender efficiently. It should be
borne in mind, however, that the quality of the drawings plays a major part
in achieving this aim by enabling the taker-off to produce an accurate bill
and also by allowing the estimator to make sound engineering judgements
on methods of working. Second, the Bill of Quantites should be prepared
in such a style (within the framework of the CESMM 3) to assist the post-
contract administration to be carried out in an efficient and cost-effective
manner.

2.5 This paragraph defines the need to present the measured items in the Bill of
Quantities in sufficient detail so that items covering separate classes of
work can be easily distinguished. It also requires that work of the same
nature carried out in different locations is kept separate. This is a direct
result of complying with the requirements of the preceding Paragraph 2.4
and is intended to assist the site surveyor or measurement engineer in the
admeasurement and valuing of the work.

For example if the Bill of Quantities is being prepared for a water
treatment works, it is desirable that separate parts are given for, say, the
raw water storage reservoir, the slow sand filters and pump houses. The
alternative of adding together similar items from each structure would
produce a Bill of Quantities which would have limited post-contract value.

2.6 This paragraph states that all work (as defined in Paragraph 1.5) that is
expressly required (as defined in Paragraph 1.6) should be covered in the
Bill of Quantities. This paragraph is intended to remove any doubt about
the status of formwork or any other temporary works which are required
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CESMM 3—HOW IT WORKS 13

but are not left on site on completion to become the property of the
Employer.

2.7 It is the proper application of the Work Classification tables that enables
the aims of Paragraphs 2.4, 2.5 and 2.6 to be achieved. The tables and
rules state how the work is to be divided, the scope of the item
descriptions, the measurement unit for each individual item and the
method (with a small ‘m”) to be adopted to produce the quantities.

SECTION 3:
APPLICATION OF THE WORK CLASSIFICATION

This section deals with the details of how to use the Work Classification and the
Rules. There are 26 classes in the Work Classification and each class comprises:

(a) up to three divisions each containing up to a maximum of eight descriptive
features of the work

(b) units of measurement

(c) Measurement Rules

(d) Definition Rules

(e) Coverage Rules

(f) Additional Description Rules.

3.1 The Work Classification is prefaced by an ‘Includes’ and ‘Excludes’
section which defines in general terms the nature and scope of the work
contained in each individual class This is particularly useful where there
would appear to be a choice of which class to use. For example, in Class R
(Roads and Pavings) it clearly states that associated Earthworks and
Drainage are to be measured separately in Class E and Classes I, J, K and
L respectively.

There are three divisions or levels of description and up to eight part
descriptions or descriptive features in each division. These descriptive
features are intended to cover the broad range of activities in civil
engineering but they are not exhaustive. At its simplest, it should be possible
to take a descriptive feature from each division and produce an item
description, e.g. in Class C—Concrete Ancillaries the following item
description could be assembled:

First Division 2 Formwork: fair finish
Second Division 3 Plane battered
Third Division 1 Width: not exceeding 0.1m.

This item would then appear in the bill as ‘Formwork fair finish, plane
battered, width not exceeding 0.1m’ with a coding of C. 2 3 1.
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14 TAKING OFF QUANTITIES:

This example is straightforward and it is not typical of the compilation
of most item descriptions. It is essential that the rules are carefully studied
before attempting to build up a description in case there is a restriction
which would not be apparent by merely assembling descriptive features
from the divisions. The use of the exact form of wording in the divisions is
not mandatory but it would be unwise to depart from the printed
descriptive features without a sound reason.

It is not essential that the punctuation is adhered to rigidly. The Work
Classification is intended as a foundation upon which the ‘taker-off’ can
base the needs of the individual project he is working on.

In the selection process from the three divisions it is important to note
the need to observe the function of the horizontal lines. The selection must
be made horizontally and be contained within the lines joining adjacent
divisions. It would not be possible, for example, to select features in Class
G to produce an item coded G. 1 1 8 because of the line preventing the
Second Division Code 1 being linked with any of the void depth
descriptive features.

3.2 This paragraph states that there is a basic assumption built into the
descriptive features which removes the need for a comprehensive list of
activities which the Contractor must perform in order to achieve the fixing
of the material described. For example:

Item U. 1 2 1 does not require a preface stating that the rate set against
the item must include for unloading the bricks, transporting them to
a suitable place, carrying

them to the Bricklayers’ side, lifting them by the Bricklayers’ hand
and laying to the correct line and level. That is all assumed in the
item ‘Common brickwork, thickness 230mm, vertical straight wall’.
3.3 If the scope of the work to be carried out is less than that normally covered
by item descriptions in similar circumstances then that limitation must be
clearly defined. For example, it is not uncommon for the Employer to
purchase special pipes or fittings in advance of the main civil contract
where there is a long delay between order and delivery.

These materials would be handed to the Contractor on a ‘free issue’
basis and the item description would be headed ‘Fix only’.

The scope of the term ‘Fix only’ should be clearly defined in the
Preamble and could include such activities as taking charge of, handling,
storing, transporting, multiple handling, laying and jointing including all
necessary cutting.

The item or items involved must be unequivocally stated to avoid any
ambiguities and if a number of items are covered by the limitation it would
be prudent to insert ‘End of fix only’ after the last item.
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3.4 The taker-off must not take more than one descriptive feature from any
one division when compiling an item description.

3.5 The units of measurement are stated within the Work Classification and
apply to all the items to which the descriptive features relate.

3.6 The Measurement Rules are defined as the circumstances existing for the
implementation of the rules listed under M1 et seq. Reference must be
made to Paragraph 5.18 for general additional information on
measurement conventions.

3.7 Definition Rules lay down the parameters of the class of work covered by
words or phrases in the Work Classification or the Bill of Quantities.

3.8 Coverage Rules describe the scope of work that is included in an item
description although part of the required action may not be specifically
mentioned. The rule will not necessarily cover all the work required and
does not cover any work included under the Method Related Charges
section.

3.9 The Additional Description Rules are included to provide a facility for the
inclusion of extra descriptive features where those listed in the Work
Classification are not considered comprehensive enough. The authority for
this comes from Paragraph 3.1.

3.10 This note clears any confusion between the Work Classification and the
Additional Description Rules. The example quoted refers to Class I. If item
I. 5 2 3 was assembled by reprinting the descriptive features, the items
would read:

‘Clay pipes, nominal bore 200—300mm, in trenches depth 1.5-2m.’

Rule A2 requires, among other things, that the nominal bore is stated.
Paragraph 3.10 states that where these circumstances occur the provision of
the note should override that of the descriptive feature so this item would
read:

‘Clay pipes, nominal bore 250mm, in trenches depth 1.5-2m.’

N.B. The other requirements of A2 would probably be included in
a heading or in an enlargement of the First Division entry ‘Clay
pipes’.

3.11 It should be noted that on the rules side of the page in many classes there
is a horizontal double line near the top of the page. All the rules above this
line refer to all the work in the class. Rules below the double line refer
only to the work contained within the same horizontal ruling.
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SECTION 4:
CODING AND NUMBERING OF ITEMS

This section deals with coding of items and it is important to remember that the
provisions of the section are not mandatory. The value of applying the CESMM
system of coding must be judged by the engineer or surveyor preparing the Bill
of Quantities. If by following the recommendations of this section a series of
unwieldy codings is produced it may be better not to apply them.

The aim of the coding is to produce a uniformity of presentation to assist the
needs of the estimator and the post-contract administration.

4.1 The structure of the coding system is simple and easy to apply. Each item
is allocated four basic symbols to produce a four-unit code. The class is
represented by the class letter (e.g. G—Concrete Ancillaries) followed by
the numbers taken from the First, Second and Third Division, respectively.

Item G.1 2 3 therefore refers to an item description of ‘Formwork, rough
finish plane sloping, width 0.2-0.4m’.

4.2 Where the symbol * appears it denotes all the numbers in the appropriate
division. For example item G. 1 * 3 referstoitems G. 1 13,G. 123, G. 1
33,G. 143 and G. 15 3. This symbol would never appear in the coding of
an item description in a Bill of Quantities because by definition it refers to
more than one item. Its main use is to assist, in an abbreviated form, in the
application of the rules (e.g. see Rule M2 in Class P).

4.3 The option is given whether to apply the provisions of this section in the
Bill of Quantities or not. The authors’ reservations stated at the beginning
of this section about the use of the codes apply only to their appearance in
the Bill of Quantities. It is desirable that they are used in the taking off and
working-up stages as an aid to the presentation of the items in a regular
and uniform bill order.

4.4 This paragraph states that if the code numbers are to appear in the Bill of
Quantities they must be placed in the item number column and not become
part of the item description. The code numbers have no contractual
significance.

4.5 The highest number listed in the Work Classification is 8 and if a
completely new descriptive feature is to be added it should be given the
digit 9 in the appropriate division.

4.6 Conversely, the digit O should be used if no descriptive feature in the Work
Classification applies or if there are no entries in the division itself.

4.7 The code numbers refer only to the descriptive features in the three
divisions. If additional descriptive features are required (see Paragraph 3.
9) by the implementation of the Additional Description Rules they shall be
identified by the addition of a further digit at the end of the code number.
The example quoted in Paragraph 4.7 quotes item H. 1 3 6, but when Rule
Al is applied the additional information generates a code number of H. 1 3
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6.1. If there was a need for more than one item they would appear as H. 1
362,H.1363,H.1364, etc.

What is not explained is the technique for dealing with this situation
when the number of items containing additional descriptive features
exceeds 9. The choice lies between H. 1 3 6.10, H. 1 3 6.9.1 or H. 01 03
06.01, but the authors feel that the latter nomenclature is probably the
most suitable.

SECTION 5:
PREPARATION OF THE BILL OF QUANTITIES

It should be noted that the term used in this section heading, i.e. ‘Bill of
Quantities’, is correct. The phrase ‘Bills of Quantities’ is more appropriate to a
building contract where the General Summary contains a list of individual Bills.
In civil engineering documents the equivalent Bills are called Parts (Paragraph 5.
23) so the overall document is a Bill of Quantities.

5.1 This paragraph states that the rules and provisions used in the pre-contract
exercise of measuring the work also apply to the post-contract task of
measurement. The correct term for this task is re-measurement where the
work is physically measured on site or admeasurement where the actual
quantities are calculated from records.

5.2 There are five sections in the Bill of Quantities:

List of Principal Quantities
Preamble

Daywork Schedule

Work Items (divided into parts)
Grand Summary

mg O w >

The Daywork Schedule can be omitted from the Bill of Quantities if
required. The above sections should be allocated the letters A to E and the
parts of the Bill contained within Section D are enumerated, e.g.

Section A List of Principal Quantities

B Preamble

C Daywork Schedule

D Work Items
Part 1 General Items
Part 2 Boldon Sewers
Part 3 Cleadon Sewers
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18 TAKING OFF QUANTITIES:

Part 4 Rising Mains
Part 5 Shackleton Pumping Station
Part 6 Roker Pumping Station

E Grand Summary

5.3 It should be noted that the list of principal quantities is prepared by the
taker-off or the person assembling the Bill of Quantities and should satisfy
two requirements. First, to give the estimator an early feel for the scope of
the work before he commences pricing and, second, to assist the participants
at the Contractor’s pretender meeting with regard to the type and size of
the contract when considering the application of the adjustment item
(Paragraph 5.26). The list has no contractual significance. A notional list
of principal quantities for the job mentioned in Paragraph 5.2 could be as
follows:

Part 1 General Items

Provisional Sum 75,000

Prime Cost Sums 100,000
Part 2 Boldon Sewers

Pipelines 1200m

Manholes 22nr
Part 3 Cleadon Sewers

Pipelines 1500m

Manholes 28nr
Part 4 Rising Mains

Pipelines 2000m

Valve Chambers 12nr
Part 5 Shackleton Pumping Station

Excavation 600m3

Concrete 50m3

Brickwork 200m2
Part 6 Roker Pumping Station

Excavation 650m3

Concrete 80m3

Brickwork 240m3

5.4 The Preamble is an extremely important section of the Bill of Quantities
and is the potentially vital source of information to the estimator. If any
other Methods of Measurement have been used in the preparation of the
Bill of Quantities, the fact should be recorded here. This is not uncommon
where, say, the Administration Building of a Sewage Treatment Works or
even the superstructure of a large pumping station has been measured in
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accordance with the current Method of Measurement for Building Works,
although the inclusion of Class Z should reduce the need for this.

The Preamble should also contain information on work to be designed
by the Contractor or where the Contractor is involved in alternative forms
of construction. The style of measurement to deal with these events will
involve a departure from the rules laid down so warranting an insertion in
the Preamble.

The Preamble will also contain a list of departures from the rules and
conventions of CESMM 3 if the taker-off considers it desirable. Because
the preamble note will usually commence ‘Notwithstanding the provisions
of...” these notes have become known as ‘notwithstanding’ clauses. A
common example affects Paragraph 5.9. Many surveyors and engineers do
not wish to adopt the lining-out system as set out in this paragraph and
would insert the following clause in the Preamble:

‘Notwithstanding the provisions of Paragraph 5.9, lines have not
been drawn across each bill page to separate headings and sub-
headings.’

It should be noted that the Preamble can also be used as a vehicle to
extend the Rules. The Item Coverage Rules are the most likely to be
enlarged and the taker-off should not hesitate to use this facility in order to
improve the quality of the information provided to the estimator.

Where the word ‘Preamble’ is used in this book it refers to the section
of the Bill of Quantities as defined in this paragraph. The term ‘preamble’
(with a small p) has been used to mean a clause or note.

5.5 It is also necessary to include in the Preamble a definition of rock. On first
consideration it may seem odd that what is primarily an engineering matter
should find its place in the Preamble of the Bill of Quantities. The reason
of course is that it is the definition of what rock is, that will determine to what
extent it is measured. It is the measurement of rock which is the main
consideration in the Preamble and the definition should clearly state in
geological terms what materials will be defined and paid for as rock. If any
borehole information is available it would be useful to make reference to
the logs and use the same terms wherever possible.

The practice of defining rock as ‘material which in the opinion of the
Engineer can only be removed by blasting, pneumatic tools, or wedges’ is
not recommended because it creates doubt in the minds of the taker-off,
the estimator and, most importantly, of the people engaged the post-
contract work.

5.6 It is not mandatory that a Daywork Schedule is included in the Bill of
Quantities. If it was omitted, either by design or error, any daywork that
occurred would be measured in accordance with Clause 52(3) of the
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Conditions of Contract and valued at the rates applicable to the FCEC
schedules without any increase or decrease to the current percentages.

The other two methods of including dayworks in the Bill of Quantities
are fully described in Chapter 3—General Items.

5.7 Where the method set out in Paragraph 5.6(6) is adopted for dayworks it is
usual to include separate provisional sums for the Labour, Materials, Plant
and Supplementary Charges. The Contractor would be given the
opportunity to insert his adjustment percentages after each item. (Chapter 4
—General Items).

5.8 It is important that careful thought is given to layout of the Bill of
Quantities. Almost the first task of the taker-off should be to consult the
Engineer and draw up the Grand Summary to identify the various parts. In
the example given in Paragraph 5.2 the various parts are easily identified.
The work in Part 2 headed Boldon Sewers should be presented in a style
which locates the work in more detail, e.g. Manhole 1 to Manhole 2, etc.

In sewage disposal works and water treatment works it is usually quite
straightforward to prepare a list of parts based on individual structures in
the same order in which they are involved in the treatment process. It is
more difficult in major bridge contracts and it is usual for the parts to be
related more to CESMM 3 work classes than the locations of the work.

Whatever decisions are taken regarding the arrangements of the parts,
the order of billing within each part should conform to the order of classes
and items created by the Classifications within each class.

5.9 This paragraph provides for the placing of headings and sub-headings
above item descriptions to prevent the repetition of material common to
each item. These headings and sub-headings should be repeated at the top
of each new page (perhaps in an abbreviated form) to assist the estimator
in appreciating the full content of the item he is pricing.

A more controversial part of this paragraph deals with the procedure of
what has come to be known as ‘lining out’. This is the arrangement by
which lines are drawn across the Item Description column of the bill page
to end the influence of a previous heading or sub-heading.

Figure 9 shows how the lining out is done.

5.10 This paragraph gives the authority to the taker-off to add additional
descriptive material to a description constructed from the three divisions if
the work being measured has special characteristics which ‘give rise to
special methods of construction or consideration of cost’.

The implications of this paragraph are far reaching for the taker-off. He
can impose his own judgement on the measurement of any item and depart
from the format provided he believes it is a special case. It would be
unwise, however, for the taker-off to abuse the power entrusted to him by
this paragraph. The larger the number of items in the Bill of Quantities
that conform to the preferred style of the CESMM 3 the more uniformity
will be achieved which will benefit all parties. The taker-off should use the
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powers of this paragraph sparingly but on the occasions where it is felt that
a new form of item description or additional descriptive material is
necessary, the opportunity should be taken with the needs of the estimator
and post-contract administration overriding those of the generalities of

CESMM 3.

If the new form of item description conflicts with the rules of the
method, a ‘notwithstanding’ clause should be raised in the Preamble

(Paragraph 5.4).

5.11 This paragraph reinforces the secondary role of the Bill of Quantities. The

estimator is actively discouraged from relying on the item descriptions as a
sole source for the information he requires to build up his rates. The ‘exact
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nature and extent of the work’ (or as near as it is possible to define it) must
be determined from the Drawings, the Specification and the Contract. The
item descriptions should not be held to be comprehensive but used to
‘identify’ the work being measured. This downgrading of the descriptions
does not in any way relieve the taker-off from his responsibility of
producing the most lucid descriptions he can within the framework of the
method of measurement.

5.12 Where an unusual feature occurs in the work it is sometimes easier and more
accurate to direct the estimator to a clause in the Specification or a detail
of a drawing rather than produce a clumsy description which does not fully
cover the work to be measured. Although this paragraph gives the
authority for this form of referencing, it also contains an important proviso
that the reference must be precise. A general reference to a drawing
containing standard details would be unacceptable unless it identified the
exact detail in the drawing being referred to.

5.13 In civil engineering contracts the work is subject to admeasurement. The
quantities that are measured in the contract document are approximate
because of the uncertainties inherent in civil engineering. The method of
measurement has by necessity great flexibility and affords the taker-off
opportunities to use his professional skill and judgement denied to his
opposite number in the building side of the industry. This paragraph
demonstrates this freedom. There are many situations where the choice of
the style of measurement and placing of the items in the bill is entirely at
the discretion of the taker-off. One example of this concerns thrust blocks
in Class L. Where a block is large, say 10m3, the taker-off may feel it
more helpful to measure it in detail using Classes E, F and G rather than
item L. 7 8 0. A major consideration in this decision would be the
knowledge that if the item was enumerated and the drawing reference
given (as Paragraph 5.12) each tendering estimator would need to measure
the excavation, concrete and formwork so it is less wasteful if the taker-off
prepares these. Whatever decision the taker-off makes in these matters it
should be clear and unequivocal so that the estimators are not confronted
by ambiguities and uncertainties.

The comments made earlier about the quantities being approximate
should not give the impression that anything less than the highest
professional standards should be employed in the preparation of the tender
documents. The quantities are described as approximate because in many
cases the scope of the work is not known but the measurements should be
as accurate as possible even in the knowledge that they will be taken again
on completion of the works.

5.14 Where a range of dimensions is given in the Work Classification tables but
the measured items have an identical thickness it is permissible to state the
thickness instead of the range. For example, item K. 1 1 3 describes brick
manholes in a depth range of 2 to 2.5m. If there were three manholes all 2.
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2m deep the item description should read ‘Manholes, brick, depth 2.2m’
and would carry the same code number K. 1 1 3.

5.15 Where work is to be carried out by a Nominated Sub-Contractor the
estimated cost of the work should be given as a Prime Cost Item. Items to
cover what used to be called general and special attendances follow this
sum and are dealt with in Chapter 3 General Items.

The scope of the facilities to be available to the Nominated Sub-
Contractor include for temporary roads, hoists and disposing of rubbish.

5.16 Any goods, materials or services supplied by a Nominated Sub-Contractor
which are to be used by the Contractor must be referenced to the Prime
Cost Item involved by a heading or mention made in the item itself.

5.17 The use of provisional quantities is discouraged by CESMM. Prior to 1976,
items frequently appeared in Bills of Quantities under a heading of
Provisional. This procedure was usually adopted because the Design
Engineer either did not know the scope of the work or did not have enough
time to design it. The assumption that the Contractor had better knowledge
at tender stage than the Engineer, and was able to price the work, was
completely unacceptable. On occasions, if the provisional quantities
included were small, the Contractor would insert high rates which would
hardly affect his tender total but could lead to a windfall if the quantities
increased on admeasurement.

This paragraph states how the cost of uncertainties in design should be
treated. If there are specific areas of work where the design has not
advanced far enough to allow accurate quantities to be prepared, the work
should be placed in the General Itemsagainst a Provisional Sum. It is also
usual to include a Provisional Sum in the Grand Summary for general
contingencies.

Recently, however, some Employers are resisting the inclusion of this
general contingency allowance in the spurious belief that the Contractor
will somehow regard that sum as ‘spendable’ and attempt to recover it
through claims. This notion shows little confidence in the skills of post-
contract management team acting on the Employer’s behalf.

5.18 This paragraph confirms the long-standing convention that measurements
are taken net—unless there is a specific requirement to the contrary.
Ideally, the quantities are computed from dimensions on the drawings.
Common sense must be applied in the matter of rounding-off quantities.
The total quantity and the effect on it of rounding off must be considered.

5.19 The units of measurement are set out in this paragraph and the
abbreviations must be used in the Bill of Quantities. Care should be taken
when using the abbreviation for Number because the handwritten nr’ is very
similar to ‘m’ and mistakes can be made when documents are produced at
speed by confusing the two abbreviations.

5.20 It is a requirement that where a body of open water is either on the site or
bounds the site, it shall be identified in the Preamble to the Bill of
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Quantities stating its boundaries and levels or fluctuating levels. This
requirement should not be taken too literally. If a power station was to be
constructed on the west Cornish coast it would be sufficient to state in the
Preamble that the Atlantic Ocean was adjacent to the site together with
tidal information. It would be unnecessary and foolish to attempt to define
the bounds of the Atlantic!

It is interesting to note that Rule A2 in Class E provides a further
requirement for the body of water to be identified in the item description
for work which is below the feature; this requirement is not thought
necessary in other Classes such as F, I or P where similar situations could
occur.

5.21 This paragraph deals with the definition of the terms Commencing Surface
and Excavated Surface. This matter has been dealt with under paragraphs
1.12 and 1.13. See also Class E.

5.22 A sample of the ruling and headings of bill paper is shown in Figure 10.

Amount

Number Item description Unit | Quantity | Rate

Figure 10

5.23 The summary of each Part would be printed on standard bill paper but the
Part total would be styled ‘Carried to Grand Summary’ (see Figure 11).

5.24 The Grand Summary collects the totals from the parts of the Bill of
Quantities and is usually printed on plain paper (Figure 12).

5.25 The General Contingency Allowance is discussed in Paragraph 5.17.

5.26 The Adjustment Item is to be placed at the end of the Grand Summary and
its significance and purpose are discussed in Paragraph 6.3, 6.4 and 6.5.
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GRAND SUMMARY
£ p

PART | GEMERAL ITEMS
PART 2 BOLDON SEWERS
PART 3 CLEADON SEWERS
PART 4 RISING MAINS
PART 5 SHACKLETON PUMPING STATION
PART & ROKERE PUMPING STATION

£
GENERAL CONTINGENCY ALLOWANCE 0,000 00
ADJUSTMENT ITEM AT/ DEDLUCT*
TENDER TOTAL £

* Delete as required.

Figure 12

5.27 The Grand Summary must contain a provision for the addition of the
individual bill parts, the General Contingency Allowance and the addition
or subtraction of the Adjustment Item. This total is often called the Tender
Total but it should not strictly receive that title until the acceptance of the
Contractor’s Tender for the Works in accordance with Clause 1(i)(h).
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SECTION 6:
COMPLETION, PRICING AND USE OF THE BILL OF
QUANTITIES

6.1 The rates to be inserted in the rates column shall be expressed in pounds
sterling with the pence given as a decimal fraction. Thus 6.47 denotes 6
pounds 47 pence. It is important that the amount is written clearly with the
decimal point well defined to avoid subsequent misunderstandings and
disputes. If 647 was entered in the rate column and it was intended to be
647 pounds it should be expressed as 647.00. Careful inspection of the
presentation of the rates together with their values should be part of the
tender appraisal process. Where rates are not inserted the other priced
items are deemed to carry the price of the unpriced items.

6.2 This paragraph confirms the requirement made in Paragraph 5.22 that each
part must be totalled and then carried to the Grand Summary.

6.3 The introduction of the Adjustment Item was warmly welcomed by the
industry in 1976 when CESMM 1 was published and its use is now well
established.

and

6.4 Most Contractors contend that they are rarely allowed sufficient time to
prepare their tenders. Each job needs careful scrutiny and the application
of sound engineering judgements to determine how the construction work
should be tackled. Enquiries for material prices and sub-contractors’
quotations’ must be sent out and it frequently happens that they do not
arrive until quite late in the tender period. If, for example, a quote for
ready-mixed concrete was obtained on the day before a tender was due to
be submitted which was substantially below other quotations the
Contractor would be keen to include the effect of the offer in his tender.

Pre-1976 he would have probably deducted the difference from a
convenient sum in the General Items and thus created an imbalance in the
pricing structure. By using the Adjustment Item the Contractor can now
increase or decrease his Tender Total at a stroke yet still present a well-
balanced bid.

Another reason for using the device could arise from the Contractor
winning or losing other contracts during the tender period which would
lessen or increase his determination to put in a keen bid. This decision
would normally be taken at a tender appraisal meeting before the signing of
the offer.

The sum inserted should be regarded as a lump sum and will be paid or
deducted in instalments in the same proportion that the amount being
certified bears to the Tender Total before the application of the
Adjustment Item in the Grand Summary.
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It is a requirement of CESMM that this should be stated in the Preamble
to the Bill of Quantities.

The amount involved shall be calculated before the deduction of
retentions and the aggregate total must not exceed the amount inserted in
the Grand Summary. When the Certificate of Substantial Completion
(Clause 48) is issued the difference (if any) between the aggregate total
and the amount in the Grand Summary should be paid or deducted in the
next certificate to be issued.

6.5 This new paragraph clears up any misunderstandings over the position of
applying the Adjustment Item when the Contract is subject to a Contracts
Price Fluctuation (CPF) clause. When the Effective Value is calculated it
should take into account the effect of deducting or adding the Adjustment
Item as appropriate in assessing the amount due to the Contractor under
Clause 60.

SECTION 7:
METHOD-RELATED CHARGES

Method-Related Charges were first introduced in CESMM 1 in 1976. It was felt
that a different approach was required in the valuation of items where quantities
were increased or decreased from those in the tender document. Research had
shown that modern construction techniques had substantially increased the
proportion of the non-quantity related part of a Contractor’s costs to a level
where it was becoming inequitable both to the Employer and the Contractor that
changes in the quantities should be valued merely by multiplying the admeasured
quantity by the bill rate.

The unit rates are made up of quantity-related costs—the labour, material and
that part of the plant and overheads directly related to the item of work being
constructed, and the non-quantity related items such as the transporting to site,
erection, maintenance, dismantling of plant, cabins and other consumables which
may have no direct link with the quantity of the permanent works being
constructed.

It is sensible therefore to give the Contractor the opportunity to declare the
cost of those items which he does not wish to be subject to the admeasurement
process so that his real costs are recovered without being affected by changes in
quantity.

7.1 A Method-Related Charge is the sum inserted in a Bill of Quantities in the
space provided (Class A) and is either a Time-Related Charge or a Fixed
Charge.

A Time-Related Charge is a sum which is directly proportional to the
time taken to carry out the work which is described.

A Fixed Charge is a sum which is neither quantity-related nor time-
related but is a set cost regardless of changes in the admeasured work or

www.EngineeringBooksPDF.com



CESMM 3—HOW IT WORKS 29

the time taken to execute it, e.g. the cost of bringing a batching plant on to
site.

7.2 The Contractor has the opportunity to insert the cost of Time-Related and
Fixed Charges in the Bill of Quantities (see General Items Class A).

7.3 The Contractor should enter the item description for his Method-Related
Charges in the same order as the order of classification in Class A. He
must also list the Time-Related Charges separately from the Fixed Charges
and insert a sum against each item. He has the freedom, of course, to enter
other items which are not listed or do not have a direct counterpart in Class
A.

7.4 The Contractor should unambiguously describe the scope of the work that
is covered by each sum. He should also list the labour, plant and materials
involved and, where applicable, state the parts of the Permanent or
Temporary Works that are linked to the sum inserted.

7.5 The Contractor is not obliged to follow the method he has set out in the
tender document when he carries out the work on site.

7.6 This paragraph states that the Method-Related Charges are not to be
admeasured. The wording was expanded in CESMM 2 to include the words
¢...but shall be deemed to be prices for the purposes of Clauses 52(1), 52
(2) and 56(2)’.

The addition of these words confirms what was always inferred in
CESMM 1. It is sometimes difficult for students to understand the true
meaning of what this paragraph covers. An unequivocal statement that
Method-Related Charges are not to be admeasured seems to sit uneasily
beside the assertion that they are subject to the provisions of Clause 56(2).

If the items for Time-Related Charges and Fixed Charges have been set
out by the Contractor in a sensible fashion it should be a straightforward task
of apportionment each month to arrive at the amount due. One
complication may arise if the time being expended on a Time-Related
Charge looks like increasing or decreasing from that shown in the Bill of
Quantities. If, for example, an operation was scheduled to occupy 6
months, after 1 month the Contractor would rightly ask for 1/6 of the sum.
If his progress increased dramatically and the work looked like being
completed in only 4 months, he would be fully entitled to ask for 1/2 of the
sum at the end of the second month. It can be seen, therefore, that the
numerator in the fraction will increase each month by 1 but the
denominator could vary as the Contractor and the Engineer determine the
likely length of time the event will last.

It should be noted that a statement must be included in the Preamble to
the Bill of Quantities confirming that payment must be made in
accordance with Clauses 60(1)(d) and 60(2)(a). This apparent confliction
is explained if one remembers that the charges will be paid in full whether
they were incurred tenfold or not at all, providing the risk that the
Contractor undertook and priced did not vary.
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If there was a significant change in quantity or in the time an item of
plant was required which was substantially different from that envisaged
when the Contractor prepared his tender, then an adjustment to the
Method-Related Charges would be in order and the provisions of Clauses
52(1), 52(2) and 56(2) would be implemented.

7.7 Method-Related Charges are to be certified and paid for in exactly the
same manner as other parts of the work and this should be stated in the
Preamble.

7.8 It may be that the method of working stated by the Contractor is not
adopted (Paragraph 7.5) but in the absence of a variation (see Paragraph 7.
6) the sum inserted must be paid in full. It is obviously desirable that the
Contractor and the Engineer agree a method of apportioning the sum each
month for payment by linking it to progress of a relevant part of the works
or indeed the whole works. If agreement cannot be reached the sum would
then be added to the Adjustment Item (which would increase a positive
Adjustment Item and decrease a negative one) and would be treated as
described in Paragraph 6.4.

SECTION 8:
WORK CLASSIFICATION

This section lists the 26 classes in CESMM 3. Each class consists of the
Classification Tables containing three divisions of descriptive features and four
types of rules. See Section 3 for details on the application of the tables and rules.
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Chapter 9

MENSURATION AND USEFUL DATA

1 centimetre (cm)
1 decimetre (dm)

1 metre (m)

1 kilometre (km)

The metric system

Linear

= 10 millimetres (mm)
= 10 centimetres (cm)
= 10 decimetres (dm)
= 1000 metres (m)

Capacity

1 millimetre (ml)
1 centilitre (cl)
1 decilitre (dl)

= 1 cubic centimetre (cm?)
= 10 millilitres (ml)
= 10 centilitres (cl)

1 litre (1) = 10 decilitres (dl)
Weight
1 centigram (cg) = 10 milligrams (mg)

1 decigram (dg)
1 gram (g)

1 decagram (dag)
1 hectogram (hg)
1 kilogram (kg)

= 10 centigrams (cg)

= 10 decigrams (dg)

= 10 grams (g)

= 10 decagrams (dag)

= 10 hectograms (hg) = 1000 grams (g)
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Imperial/metric conversions

Linear
I in = 25.4mm Imm = 0.03937in
1ft = 304.8mm lcm = 0.3937in
lyd = 914.4mm 1dm = 3.937in
Im = 39.37in

Imperial/metric conversions (cont’d)

Square
1 in? = 645.16mm? lcm? = 0.155 in?
1 ft2 = 0.0929m? Im? = 10.7639 ft2
1 yd? = 0.8361m? 1m? = 1.196yd?
Cube
1in? = 16.3871cm? lem? = 0.061 in?
1 ft3 = 0.0283m? Im3 = 35.3148 ft3
1 yd? = 0.7646m> Im? = 1.307954 yd?
Capacity
1floz = 28.4ml 1ml = 0.0353 fl oz
1 pt = 0.568 1tr 1d1 = 3.52floz
1 gallon = 4.546 ltr 1 Itr = 1.7598 pt
Weight
1oz = 28.35g 1g = 0.035 oz
11b = 0.4536kg 1kg = 35.274 oz
1 st = 6.35kg 1t = 2204.6 Ib
1 ton = 1.016t 1t = 0.9842 ton

Temperature equivalents

In order to convert Fahrenheit to Celsius deduct 32 and multiply by 5/9. To
convert Celsius to Fahrenheit multiply by 9/5 and add 32.
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Fahrenheit Celsius
230 110.0
220 104.4
212 Boiling point 100.0
210 98.9
200 93.3
190 87.8
180 82.2
170 76.7
160 71.1
Fahrenheit Celsius
150 65.6
140 60.0
130 54.4
120 48.9
110 43.3
90 322
80 26.7
70 21.1
60 15.6
50 10.0
40 4.4
32 Freezing point 0.0
30 -1.1
20 -6.7
10 -12.2
0 -17.8

General information

Bricks Number of bricks m? in half brick thick wall in stretcher bond

50%102. 74
5%215mm
65%102. 59
5%215mm
75%102. 52
5%215mm

www.EngineeringBooksPDF.com



190 TAKING OFF QUANTITIES:
Blocks Number of blocks per square metre

450%x225mm 10
450x300mm 7
450%225mm 7

Timber 1 standard=4.67227 cubic metres

1 cubic metre=35.3148 cubic feet
10 cubic metres=2.140 standards

Melting points of materials

Aluminium 658°C
Brass 927-1010°C
Bronze 912°C

Melting points of materials (cont’d)

Cast iron 1186°C
Copper 1083°C
Lead 327°C
Nickel 1452°C
Steel 1371°C
Tin 230°C
Zinc 419°C
Milled lead to BS1178
Code Thickness Weight Colour code
3 1.32mm 14.97 kg/m? Green
4 1.80mm 20.41 kg/m? Blue
5 2.24mm 25.40 kg/m? Red
6 2.65mm 30.05 kg/m? Black
7 3.15mm 35.72 kg/m? White
8 3.55mm 40.26 kg/m? Orange
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Soil properties

The study and classification of soils is clearly a subject of scientific investigation.
The following information is provided as a guide only and should be used with
caution. The figures given represent density in tonnes per m>.

Soil Loose Compacted Bearing capacity Bulk* volume Compacted*
tonnes/m? volume

Bogorpeat 0.56 1.12 up to 2.0 1.1-1.3 -

Chalk - 2.10 11-45 1.5-2.0 1.3-14

Clay—sandy - 1.76 3345 1.1-1.3 0.9-1.0

Clay—firm - 1.92 45-65 1.3-1.4 0.9-1.0

Clay—stiff - 2.08 65-75 1.5 1.0

Gravel 1.76  1.92 66-90 1.0-1.30 0.9-1.0

Rock—soft - 2.20 50-100 1.5-2.0 1.3-1.4

Rock—hard - 2.70 100-200 1.5-2.0 1.3-1.4

Sand 144  1.76 22-40 1.0-1.10 0.9-1.0

* These figures are factors that will increase or decrease the net volume of undisturbed

soil.

Soil definitions

SOFT - can be readily excavated with a spade and easily moulded with the fingers.

FIRM - can be excavated with a spade and moulded with substantial pressure by
the fingers.

STIFF - requires a pick or pneumatic tool for excavation and cannot be moulded
with the fingers.

ManholesDconcrete surrounds

The following figures are net m? of concrete surround per metre of standard
circular manhole segment to BS556.

nominal diameter outside diameter 150mm surround 300mm surround
675mm 800mm 0.448 1.037
900mm 1048mm 0.565 1.271
1050mm 1219mm 0.645 1.432
1200mm 1397mm 0.729 1.599
1350mm 1575mm 0.813 1.767
1500mm 1727mm 0.885 1.910
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nominal diameter

outside diameter

150mm surround

300mm surround

1800mm
2100mm
2400mm

2032mm 1.028
2388mm 1.196
2692mm 1.339

2.198
2.533
2.820

Pipe beds and surrounds

The following are net quantities of material. Appropriate increases should be
made for compaction, wastage and trench overbreak. All quantities are m> per

metre of trench.

Pipe diameter

Pipe diameter plus
300mm=trench width

150mm Bed 150mm Bed and

Pipe diameter plus
600mm=trench width

150mm Bed 150mm Bed and

(outside diameter) surround surround
100mm 0.060 0.152 0.105 0.272
150mm 0.068 0.185 0.113 0.320

Pipe beds and surrounds (cont’d)

Pipe diameter

Pipe diameter plus
300mm=trench width

150mm Bed 150mm Bed and

Pipe diameter plus
600mm=trench width

150mm Bed 150mm Bed and

(outside diameter) surround surround
200mm 0.075 0.219 0.120 0.369
225mm 0.079 0.236 0.124 0.393
250mm 0.083 0.253 0.128 0.418
300mm 0.090 0.289 0.135 0.469
375mm 0.101 0.345 0.146 0.548
400mm 0.105 0.364 0.150 0.574
450mm 0.1125 0.403 0.158 0.628
500mm 0.120 0.444 0.165 0.684
600mm 0.135 0.527 0.180 0.797
750mm 0.158 0.661 0.203 0.976
900mm 0.180 0.804 0.225 1.164
1050mm 0.203 0.957 0.248 1.362
1200mm 0.225 1.119 0.270 1.569
1500mm 0.270 1.473 0.315 2.013
Velocity
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To convert Multiply by
Miles per hour into kilometres per hour 1.60934
Feet per second into metres per second 0.3048

Feet per minute into metres per second 0.00508
Feet per minute into metres per minute 0.30348
Inches per second into millimetres per second 25.4

Inches per minute into millimetres per second 0.42333
Inches per minute into centimetres per minute 2.54

Fuel consumption

To convert Multiply by
Gallons per mile into litres per kilometre 2.825

Miles per gallon into kilometres per litre 0.354

Density

Tons per cubic yard into kilogrammes per cubic metre 1328.94
Pounds per cubic foot into kilogrammes per cubic metre 16.0185
Pounds per cubic inch into grammes per cubic centimetre 27.6799
Pounds per gallon into kilogrammes per litre 0.09978

Average plant outputs (cubic metres per hour)

Bucket size Soil Sand Heavy clay Soft rock
Face Shovel

200 11 12 7 5
300 18 20 12 9
400 24 26 17 13
600 42 45 28 23
Backactor

200 8 8 6

300 12 13 9 7
400 17 18 11 10
600 28 30 19 15
Dragline

200 11 12 8 5
300 18 20 12

400 25 27 16 12
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Bucket size Soil Sand Heavy clay

Soft rock

600 42 45 28

21

Bulkage of excavation

Multiply volume by %

Soil 25
Gravel 15
Sand 12.5
Chalk 50
Clay (heavy) 30
Rock 30

Reinforcement mass

Hot rolled bars Stainless steel bars
Size in mm Mass per metre in kg Size in mm Mass per metre in kg
6 0.222 10 0.667
8 0.395 12 0.938
10 0.616 16 1.628
12 0.888 20 2.530
16 1.579 25 4.000
20 2.466 32 6.470
25 3.854
32 6.313
40 9.864
50 15.413
Mesh fabric

Mesh size Wire size

Main mm Cross mm Main mm Cross mm kg
A393 200 200 10 10 6.16
A252 200 200 8 8 3.95
A191 200 200 7 3.02
Al42 200 200 6 222
A98 200 200 5 5 1.54
B1131 100 200 12 8 10.90

www.EngineeringBooksPDF.com



MENSURATION AND USEFUL DATA 195

Mesh size Wire size

Main mm Cross mm Main mm Cross mm kg
B785 100 200 10 8 8.14
B503 100 200 8 8 5.93
B385 100 200 7 4.53
B283 100 200 7 3.73
B196 100 200 5 7 3.05
C785 100 400 10 6 6.72
C503 100 400 8 5 4.34
C385 100 400 5 3.41
C283 100 400 5 2.61
D98 200 200 5 5 1.54
D49 100 100 2.5 2.5 0.77

Standard wire gauge and metric equivalent

SWG mm SWG mm
3 6.40 15 1.83
4 5.89 16 1.63
5 5.38 17 1.42
6 4.88 18 1.21
7 4.47 19 1.02
8 4.06 20 0.91
9 3.63 21 0.81
10 3.25 22 0.71
11 2.95 23 0.61
12 2.65 24 0.56
13 2.34 25 0.51
14 2.03 26 0.46

Paper sizes

Size mm Inches

A0 841x1189 33.11x46.81
Al 594x841 23.39x33.11
A2 420x594 16.54%23.39
A3 297%x420 11.69%16.54
A4 210%x297 8.27x11.69
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Size mm Inches

A5 148%210 5.83x8.27
A6 105%x148 4.13%5.83
A7 74%105 2.91x4.13
A8 52x74 2.05x2.91
A9 37x52 1.46x2.05
Al0 26x37 1.02x1.46

Weights of materials

Material tonnes per m
Ashes 0.68
Aluminium 2.68
Asphalt 2.31
Brickwork—engineering 2.24
Brickwork—common 1.86
Bricks—engineering 2.40
Bricks—common 2.00
Weights of materials

Cement—Portland
Cement—rapid hardening
Clay—dry

Clay—wet

Coal

Concrete
Concrete—reinforced
Earth—topsoil

Glass

Granite—solid

Gravel

Iron

Lead
Limestone—crushed
Plaster

Sand

Slate

Tarmacadam
Timber—general construction
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Water 1.00
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Abstracting, 8-9
Access covers, 111
Adjustment item, 28
Asphalt, 170
Bases, 44,92, 172
Beams, 64
Benching, 94
Blinding, 43, 44, 92
Buildings, 181-195
Carpentry and joinery, 183-188
Class
D, 118
E, 40, 81, 118
F, 40, 81, 118
H, 40, 81
N, 40, 81
T, 81
U, 40
Vv, 40
W, 40
Coding, 17-18
Columns, 64
Concrete
accessories, 56-57, 67-68, 97-99
ancillaries, 48-59, 66-67, 95-99
blockwork, 70-71
Crossings, 157, 167
Damp proof course, 74
Definitions, 11-13
Disposal, 41, 42, 103
Doors, 186
Drainage, 146-166
Drainage to structures above ground, 194
Earthworks, 41-42, 85, 120-140
Edgings, 171
Excavation, 43, 122-132
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Filling, 133-138
Footings, 44
Formwork, 48-55, 66—67, 95-96
General principles, 13-14
Glazing, 188
Gullies, 166
Handrails, 60-61, 110
Inserts, 58-59, 97
In situ concrete
designed mix, 43, 64, 91
placing, 4448, 64-65, 92-94
provision, 43, 64, 91
standard mix, 43, 91
Insulation, 185
Ironmongery, 187-188
Joints, 55-56
Kerbs, 171
Ladders, 60
Landings, 4748
Landscaping, 139-140
Manbholes, 156, 165-166
Method-related charges, 29-31
Miscellaneous metalwork, 60-61, 110-112
Painting, 75
Penstocks, 108
Piers, 64
Piped building services, 191-194
Pipework—fittings and valves
iron, 104—-106
PVCU, 107
Pipework—manholes and pipework
ancillaries, 156-157
crossings, 167
manholes, 156, 165-166
Pipework—pipes
clay pipes, 154-155
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concrete pipes, 161-164
Pipework—supports, protection
beds, 160, 167-168, 169

extras to excavation, 159-160
pipe supports, 109
stools, 109
Precast concrete
edgings, 171
flags, 172
kerbs, 171
lintels, 68—-69
manbholes, 156, 165-166
padstones, 69
platforms, 101
slabs, 100-101
Preparation of excavated surfaces
rock, 43
Pumping stations, 35-75, 79-112
Reinforcement, 96, 175-178
Roads and pavings
edgings, 171
granular material, 170
kerbs, 171
sub-bases, 170, 172
Rock, 42, 85, 129, 130
Roofing, 195
Sanitary fittings, 192-193
Seeding, 139-140
Segmental linings, 8687
Shrubs, 140
Slabs, 145
Stairs, 47-48
Structural metalwork
crane beams, 69
Surface finishes, 189-190
Taking off, 1-7
Tarmacadam, 170

Topsoil, 41, 120-121, 138-139, 140

Trees, 140
Tunnels
general, 82-90
ancillaries, 88
excavation, 82-84
preformed shafts, 8687
support and stabilization, 88-90
Upstands, 47, 65
Walls, 46-47
Waterproofing
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damp proofing, 62, 74
protective layers, 63
tanking, 62

Windows, 185

Work classification, 14—-17, 31
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