BIVIN

Building Metrication News

CONSULTANT EDITOR:
ANTHONY WILLIAMS, AADipl, FRIBA, MSIA

This section appears in the fourth
issue of ‘Building’ each month, and
gives current news and information
on metrication, as well as providing a
forum in which the ramifications of
the change to metric can be freely
discussed. It is published in associa-
tion with the Modular Society.

CONTENTS

Metric Month 23
Comment on the Metric Progress Report published by
the BSI. A more gradual start to metric design is en-
visaged since, contrary to previous thinking, the in-
corporation of foot/inch components in early metric
projects is now discouraged unless they can be re-
lated to BS 4330.

Metric Progress Report 24
A summary of the BS! Progress Report which reviews
progress made by the industry generally and the BS!
in particular. The Metric Panel considers that, taken
as a whole, the Programme is being met and that it is
not necessary to recommend any delay or extension to
the plan as set out in PD 6030.

A System of Tolerances 26
A draft British Standard for comment giving recom-
mendations for a system of tolerances for modular build-
ing components.

The Patent Glazing Industry 27
A summary of the kind of programme mecessary to the
patent glazing industry in their change to metric.

News from the Industry 28
Estimation of the possible financial impact on the
private house-builder of changing to metric; problems
for the timber merchant; some early metric buildings;
learning metric in 80 hours.

Conversion Tables 30
The third of a series of conversion tables compiled by
R. M. E. Diamant and B. A. L. Hart. The tables show
metric S| units and thelr imperial equivalents.

Building 27 December 1968 23

METRIC MONTH

The Programme is Being Met

Since you are reading these notes the chances are that you are one of the
many people closely concerned with metric change. That being so you will
probably have considered, at one time or another, whether the programme for
the construction industry is realistic. You will have come across pockets of
resistance and of total ignorance. You will have wondered why the industry
should have set its target at 1972 instead of 1975. Indeed you may have
wondered why an industry, which has little interest in exports, should change
in advance of those that apparently have more to gain.

In particular you may have been and may still be concerned at the tardiness
of government in establishing an overall Metrication Board. In retrospect it is
now clear that such a board should have been established at the start, or
that BSI should have been given the responsibility, the authority and the
money to plan the change for the whole country and not just for industry.
As a result of the lack of co-ordination nothing «can now prevent a prolonged
period in which many of us will work in metric during office hours and will
then revert to imperial measure at home.

It was obviously with this sort of situation in mind that BSI’'s main com-
mittee, concerned with metrication in the construction industry*, met earlier
this month to review progress in the industry. In view of the imminence of the
January 1969 start for metric design, the review was a substantial one as is
shown in their report (see page 24). However, taking into account all the
difficulties of a voluntary change and of the lack of funds, the conclusion can be
described as being quietly optimistic. The committee emphasises the enormous
progress that has been achieved, while identifying areas where progress has
been disappointing, and concludes that the programme is being met.

It is clear that lack of decision on the decimal marker, which might have
appeared to be a minor issue, in fact frustrated the publication of many metric
versions of text books. It is also clear that unilateral action by one major organ-
isation, in this case the Decimal Currency Board, lead te confusion and that
this confusion will not be overcome, at least until BS! republishes its guide
to metric; PD 6031. On the other hand it is also clear that a compromise needs
to be reached between the natural desire of publishers to put off the pre-
paration of metric editions until existing stocks have been exhausted, and the
urgency of supporting metric change by providing basic information in metric
terms. it would seem that the urgency is not fully appreciated by publishers.
Similarly a survey undertaken by Barbour Index for BSI has shown a marked
reluctance by manufacturers to add metric equivalents in their trade literature.
In this case, however, perhaps time has shown their reluctance to be justified.
Manufacturers naturally do not wish to reprint literature, which in fact shows
imperial products. They prefer to wait until new metric products can be shown.
Elsewhere the review shows rapidly increasing activity. Over 500 lectures
have been given by the Pool of Speakers to an average attendance of 100
people. Press coverage by the Technical Press is described as being most
meaningful and BMN is described as being a notable example. But coverage
in the National Press, let alone television, is described as being occasional.
Naturally the public sector is well to the fore in its preparations and has been
and is continuing to issue policy statements and guidance.

However, one considerable change of emphasis is noticeable in this review.
While the programme has always taken account of the need to co-ordinate
dimensions when changing to metric measurement, this is now recognised as
being of even greater importance than originally foreseen. Whereas the original
programme envisaged a preponderance of early metric projects designed to
incorporate mainly foot/inch components (described in metric equivalents) it
is now felt that unless these projects can be related to BS 4330, that they
should be actively discouraged. It is to be hoped that this advice will be widely
accepted and if it is it will mean a more gradual start to meiric design than
originally intended. But it is a change of heart and does mean additional
pressure on the BS! committees preparing dimensional recommendations.

* Construction Industry Metric Panel B/-/9
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BSI Metric Progress Report

A progress report on the change to
metric has been issued by the BSI
through its Construction Industry Metric
Panel B/-/9. It analyses progress made
by industry generally and the work of the
BSI in particular in implementing the
necessary steps for going metric. The
Metric Panel considers that, taken as a
whole, the Programme is being met and
that it is therefore not necessary to
recommend any delay or extension to the
plan as set out in PD 6030. A summary of
the report is given below.

The Programme

Promotion and Publicity: The Pool of
Speakers set up by BSI and run by
the London Building Centre has now been
running for 18 months. It comprises over
100 voluntary lecturers who have already
provided well over 500 lectures to an
average audience of about 100. The
MPBW, the NFBTE and the institution of
Municipal Engineers have also been par-
ticularly active in arranging talks on
metrication.

Useful coverage has been provided by

the various trade and technical journals
in the construction industry and special
mention is made of Building Metrication
News and its regular news service. The
journals of the RIBA, RICS and the Insti-
tute of Municipal Engineers are also
singled out for providing guidance, 'n
their own sectors, on implementing the
Programme.

Training and education: The report
emphasises the importance of retraining
staff within Individual firms and offices.
In this respect the CITB has set an ex-
ample to other training boards in its
production of a series of programmed
learning +texts for metric instruction.
These booklets range in subject from
the reading of metric drawings to advices
for clerical and secretarial staff regarding
metric misprints. It may be necessary for
some of these training aids to be revised
in the light of experience gained as the
result of pilot schemes in metric.

The Institute of Building, RIBA, RICS,
National and Higher National Certificate
in building courses and structural engi-
neering courses in polytechnics and
universities have now made plans for sub-
stantial teaching and examination in
metric by 1970. In some cases courses
are already predominantly in metric and
in many instances alternative examination
questions are to be set in metric by the
end of this academic year.

Again emphasising the need for re-
training and the large element of ‘do-it-
yourself’ where metric familiarisation is
concerned, a number of forward thinking
offices and firms have instituted in-com-
pany training schemes. In some
instances, these are being related to
dummy metric jobs and even to pilot
‘live’ metric projects. MPBW is looking
into the need here for mid-career training
courses.

At least two schools of architecture are
known to be preparing their own
schedules of metric design data placing
emphasis on ‘metric thinking’ as opposed
to mere conversion. RIBA and the London
Building Centre have produced various
visual familiarisation aids for classrooms
and offices.

Very little progress is reported on the
metrication of text books. Approaches
by BSI to publishers as early as 1966
brought little positive response except
that initial responsibility lay with authors.
Meetings were held with several large
author departments such as MHLG, BRS
and RIBA with some success but it still
seems necessary to advise professional
and trade organisations to make their
own inquiries of authors and publishers
according to their members’ needs.

Preparatory Studies

Metric guide: Despite the two years from
February 1967 originally allowed for
experience in using metric to accrue,
it was felt necessary to up-date PD 6031
‘Guide for the use of the metric system
in the construction industry.” This has
now been completed and the revised
publication should soon be on sale. The
revision chiefly comprises expansion of
coverage into specific and specialist uses
within construction as well as general
guidance. Other points of revision are:
i) limiting multiples of basic Sl units to
those of 10°. Now well accepted for linear
and mass measure (e.g. mm., m. and km.
only for length), this principle is recom-
mended for other quantities also where
information s being communicated be-
tween different industry sectors in
writing or on drawings. This does not
prevent ‘private’ or ‘personal’ use of
other mutiples (e.g. cm.* for engineering
calculations).

i} use of N (Newton) in engineering ex-
pressions of pressure and stress. In the
specific form of kN/m? for loading and
N/mm? for stress in steel, etc., this use
of Sl has been endorsed by the two
Institutions of Civil and Structural Engi-
neers. Although for other branches of
science and technology, other stress
units may be used, for information to be
communicated to or within the construc-
tion field, only the above units should
be used. Advice is given regarding the
use of units of pressure and stress in
non-scientific situations such as loading
gauges on cranes. )
iii) notation on drawings (see also rewi-
sion to BS 1192 ‘Building drawing prac-
tice’ also available this month). Advice
here relates to the showing of metre ex-
pressions to three places of decimals
when metre and millimetre expressions
appear together on a drawing.

iv) the decimal marker now settled as the
conventional decimal point. It is recom-
mended that no thousands marker be
used at all, only where legibility needs
to be improved a space :can be left in
large groups of digits at every thousand
point.
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Controlling (key) dimensions: Although
six months late as a published docu-
ment, the data in BS 4330 ‘Controlling
dimensions in building’ were made known
to the relevant committees working on
dimensional co-ordination on Programme
at the start of 1968. In effect, BS 4330
sets the broad dimensional framework for
building in metric and reflects the deci-
sions taken for public sector programmes
as well as giving guidance for building
types not covered by Government pro-
curement.

This publication is an essential reference
for achitects working in metric and for
manufacturers of building components
facing metric production. Included with
BS 4330 is PD 6426 which describes the
consequent process of working out and
agreeing component sizes at BSI.

Essential References

An appendix to the report lists those
publications classed as essential refer-
ences in PD 6030 and earlier documents
on programming metric change. Of
about 70 items, only one half are already
metricated (metric equivalents added) or
should be by the end of this year.
Some of the metric versions of these
essential references have been submitted
to BSI for checking against the latest
advice on the use of Sl. It is often mis-
leading to apply conversion factors of
an excessive number of significant
figures since this gives rise to misleading
‘over precise’ conversions which do not
in fact convey the true order of accuracy
of the origina!l imperial value. Examples
of this can still be found in the metric
equivalents version of the Building Regu-
lations (England and Wales).

Detailed advice on the interpretation of
documents carrying metric equivalents is
being given to building control officers
by the Institution of Municipal Engineers.
The Construction Industry Metric Change
Liaison Group Is also preparing a paper
of advice on the same subject.

Dimensional Co-ordination

This is a four-five year period in PD 6030
of which one year has now elapsed. For
those priority components very good pro-
gress is being made whereby it is expec-
ted that dimensional recommendations
for external envelope and internal sub-
division components should be out for
comment early in the new year.
Technical Committee B/94/4 and the
Functional Group Panels of BSI charged
with making these dimensional recom-
mendations are now to publish their
component lists so that all sectors of
industry can see at a glance which build-
ing products are to have co-ordinated
metric sizes and which simply require
sensible rational metric sizes.

BSI committees working on the parallel
problems of building tolerances and
joints and jointing have been asked to
concentrate on those aspects of their
work which relate to priority components
for dimensional co-ordination. Despite



this concentration, however, it is antici-
pated that most of the work of determin-
ing ‘work sizes' for metric componenis
from the basic space recommendations
of the Functional Group Panels will fall
to the individual BS! technical commitiees
dealing with specific products. These
committees are therefore now being en-
couraged to start considering the metri-
cation of their respective standards upon
receipt of the earliest drafts of the broad
dimensional recommendations. The use
of accelerated procedures (known as
Bowlby' at BSI) is advocated whereby
initial revision is done outside committee.
Rational metric: Metrication work has
already started on standards for many of
those building products for which dimen-
sional co-ordination is not required. In
addition 1o this, wherever the Functional
Group Panels indicate that the simple
application of BS 4011 ‘Basic sizes for
building components and assemblies’
should suffice, this work too is imme-
diately being put in hand.

An example of action of this sort can be
seen in the publication of an agreed pre-
cise changeover plan for metric rein-
forcing bar to new sizes already reflected
in the relevant BSs and due to be pub-
lished shortly.

For some items, such as packaged quan-
tities of cement and delivered loads of
sand and ballast, permissive legislation
is required to overcome the provisions
of the Weights and Measures Act. Joint
action by CBI and the Board of Trade is
expected to rapidly remedy the situation.

New Metric Products

PD 6030 does not really predict any pro-
gress here for some 12 months. However,
as BSI issues dimensional recommenda-
tions, it is reasonable to expect some
product manufacturers to react quickly,
not necessarily waiting for the full metri-
cation of their relevant product standards.
Also as metric projects get under way
during 1969, demand for dimensionally
co-ordinated metric components, albeit as
‘specials,” based on BS 4330 and such
dimensional recommendations as by then
will have been agreed in BSI committees,
will hardly be ignored by manufacturers.
International work: Many manufacturers
have expressed concern that dimensional
decisions 1o be made shortly for building
products as a result of the work of the
BSI Functional Group Panels may not
accord with existing metric sizes already
enjoying international recognition. In this
respect, it is important to realise that
international agreements are being taken
into account in the BSI studies.

Measuring Instruments

Recent agreements in the BSI commitiee
considering the calibration of building
site measuring instruments have allowed
manufacturers 1o plan their production to
meet ithe expected demand for metric
instruments in 1969-70.

The main feature of the work of this com-
mittee, B/98, has been to ensure that

wherever possible the marking of instru-
ments is in accordance with the recom-
mendations of B/-/9 for metric dimen-
sioning of contract drawings, i.e. metres
or millimetres only and not in centimetres
or other units of linear measure. Clearly
the form of dimensioning on a drawing
and the ease with which dimensions can
be found on a measuring instrument
are related.

Metric Contracts

Whereas PD 6030 clearly envisaged a pre-
ponderance of early metric projects
designed to incorporate mainly foot/inch
components but described in metric
equivalent terms, it is now felt unless
these projects can be related to BS 4330
‘Controlling dimensions in building,” that
they should be actively discouraged.
This is not to say that foot/inch com-
ponents should not be used if they can
be made to fit within the metric dimen-
sional framework set out in BS 4330. This
advice, if widely followed, should have
the effect of producing a fairly gradual
start to metrication of projects from
which feed-back of experiences might be
made to have worthwhile value. Time
should allow costs vyardsticks to be
reviewed more meaningfully and product
manufacturers would get a chance to
judge more accurately the potential mar-
kets for their newly-sized components.
The bulk of the change to metric project
design would therefore be concentrated
into the latter half of the period 1969-71
when more newly-sized components
should be available.

In offering this advice, the Metric Panel
is aware that it puts even greater respon-
sibility onto those with large scale pro-
curement programmes since it is
expected that it is from these pro-
grammes that the production of new
products should be initially financed.
Given effective feed-back to industry, the
incorporation of newly-sized products n
say a large Government contract should
allow consequential specification of the
same products in smaller private con-
tracts, thus providing the manufacturer
with continuity of production and the
specifier with assurances of suitability
and availability.

It is essential that the designer of the
smaller project takes steps to verify the
availability of the components he s
specifying and to help him in this, MPBW
and RIBA are to collaborate in the provi-
sion of a feed-back service on just what
new components are being produced for
large procurement programmes and in
what quantities. 1t is hoped that this
service might be linked with a general
advice and information service at present
before CIRIA as a proposal

BSI is expecting to produce a simple
guide to BS 4330 and the next MPBW
Bulletin on metric will also deal with the
subject of working to the metric control-
ling dimensions. Each Government
department concerned with one or more
building ‘type’ is producing guidance of
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a similar nature in design bulletin series.
The BRS is to carry out feasibility studies
on the degree to which foot/inch com-
ponents can be fitted into the framework
of BS 4330. Therefore, the designer
should not lack for advice provided he
takes the trouble to keep himself in-
formed with regard to these various
studies and makes good use of such cen-
tral advisory and data services as are
currently being developed.

Part of the design process is that of
surveying land or existing buildings. The
rate at which Ordnance surveys can be
produced in metric is not greatly en-
couraging where next year is concerned.
But there should be a sufficiency of
metric surveying equipment to allow for
much to be done by way of detailed
surveying or resurveying. What else
remains will have to be the subject of
conversion from imperial to metric at
plotting stage where surveys relate to
metric projects.

Metric Contracting

Although not broadly scheduled to start
site work until 1970, the contractor at
national level is already considering
metrication problems with which he will
be faced. In one or two known instances,
selected staff from all levels are being
sent on metrication courses and some
contractors are participating in joint pilot
schemes with other sectors of industry.
The running of ‘dummy’ metric proce-
dures alongside of active foot/inch pro-
jects can establish a feed-back of experi-
ence within an individual firm which could
lead to systems of checking and smooth
running when metric projects build up.
The small contractor or sub-contractor
who may not be able to afford participa-
tion in pilot schemes is certainly encour-
aged to the ‘dummy’ project approach—
preferably in liaison with the project
architects and local authority building
control officers—if he is to prepare him-
self for metric working as the norm.

Further Action

At the end of the report a number of
recommendations for further action are
made by the Metric Panel. It is felt that
the Pool of Speakers has now reached a
point where it should be built up and this
will .require fuil-time organisation staff
and, of course, more finance. Film strips
are recommended as publicity media.

A more dynamic national education plan
is called for. New entrants into the
industry will be expected to work sub-
stantially in metric after 1970.

Perhaps the most urgent need, however,
which is frequently borne out by the
report, is the establishment of an overall
Metrication Board. It is believed that
some difficulty has been experienced in
finding a suitable chairman, not surpris-
ingly since the job will require an
appointment in the top flight. Current
hopes are that an announcement will be
made very soon.
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A System of Tolerances

DRAFT BRITISH STANDARD FOR COMMENT

This draft BS is for comment only. Comments, or an
indication of general acceptance, should be sent to
the Committee Secretary, E. R. Crosher, BSI, 2
Park-street, London, W1, not later than 3 February.

RECOMMENDATIONS FOR A
SYSTEM OF TOLERANCES
FOR MODULAR BUILDING

COMPONENTS

(Revision of BS 3626)*

FOREWORD

This revision is considered necessary to
take account of experience gained since
BS 3626* was published and of the
recommendations of the Code of Prac-
tice for the Control of Inaccuracy in
buildingt to be published shortly,
especially the statistical method for
combining certain tolerances contained
in that code. It relates to the series of
British Standards on dimensional co-
ordinationt now published or being
drafted, and also to the revision of the
Modular Co-ordination Glossary, BS
2900, Part 1§, to be published shortly.
The system described is for determining
tolerances for modular components,
limiting the term modular for the pur-
poses of this BS[ to those components
whose sizes are multiples of the basic
sizes of the descending order of pre-
ference of BS 4011f. Components
having such dimensions are those that
must be capable of co-ordination with
an unpredictable variety of other com-
ponents, such as a door set with various
adjacent walling components,

The system is not concerned with com-
ponents that are always co-ordinated
with the same sort of component, for
example, a door leaf with a door frame,
which are usually not moduiar. Neither
is the system concerned with those
items in building construction that are
toleranced under the engineering system
of limits and fits, such as the inside of
a water tap.

For some modular components (such as
sheet materials) the least of the three
dimensions is a small submodular thick-
ness that is more conveniently toler-
anced plus-or-minus a given dimension
than by this system. The draft revision
of BS 2900, Part 1§ has already been
the subject of comment and the defini-
tions therefore are included as an
Appendix only for reference in con-
sidering this BS. Comments should not
be made on those definitions, except
as a part of a comment on this BS.

RECOMMENDATIONS: SCOPE

1. This British Standard recommends a
system for tolerancing modular building
components, that is to say (for the
purposes of this BS) those whose sizes
are in whole multiples of the basic sizes
preferred in BS 40114,

*BS3626, ‘Recommendation for a system
of tolerances and fits for building’.

1 Circulated as draft {for comment
67/14337, September 1967.

} See BS 4011, ‘Recommendations for
the co-ordination of dimensions in
building. Basic sizes for building com-
ponents and assemblies’, and BS 4330,
‘Recommendations for the co-ordina-
tion ofdimensionsin building controlling
dimensions’.

§ BS 2900, ‘Modular co-ordination in
building, Part 1, Glossary’. The draft
revision 68/15938 was circulated for
comment in July 1968. See Appendix.

[ This limitation should be defined ap-
propriately in this BS (or in the revision
of BS 2900, Part 1) in the light of the
comments on this draft.

DEFINITIONS

2. Forthe purposes ofthese Recommen-
dations the definitions of BS 2900
(revised)§ apply.

DIAGRAM

3. This is a conceptual diagram intended
to establish the factors involved in
tolerancing a modular component and
their interaction. Owing to the random
nature of the incidence of inaccuracy,
no single diagram can offer a pictorial
model of actual deviations in assembly
on the site.

‘_.

the combined tolerances of the several
components. The square root of this
is the total S-tolerance to be deducted.
This total is divided by the number of
components in the run and the quotient
is the S-tolerance for one component.
The calculation is done separately for
length, width and height.

4.6 A-Tolerances are those for deforma-
tion, such as thermal or moisture
expansion and contraction, creep,
strain, chemical action and other pre-
dictable changes not subject to pro-
bability. These are to be summed alge-
braically, having regard to sign.

4.7 The Work Size is now specified so
that, to an assumed degree of proba-
bility, the actual size of any component
will lie between the limits and a predic-

je— Grid reference lines

<

> Modular space

Modular size

je——  Maximum size

k——— Work size specified

je—— Minimum size

4, THE SYSTEM

4.1 The Grid lines represent the notional
co-ordinating planes between any two
modular components assembled to-
gether. For a single component the
gridlines outside its co-ordinating faces
are relevant: any within are disregarded.
Similarly, for an assembly of components
critical gridlines at a suitable
spacing are specified by the design
of the building. The actual positions of
such gridlines are to be maintained to
a specified accuracy. The assembly of
components is related to these in
preference to the gridlines oncurring
between them.

4.2 Modular Space and Modular Size
are of the same dimensions, but re-
garded as a void and the size of a solid
respectively.

4.3 The Maximum Size is the largest
acceptable on the construction site.
A larger component is rejected, a term
that here, and below, covers not only
discarding it, but also cutting or
adapting it to fit on the site, or designing
a special detail with more tolerance.
4.4 The Minimum joint width is speci-
fied according to the jointing method
predicted or chosen. It may be nil.
It may require reconsideration after the
tolerances have been calculated.

4.5 S-Tolerances are those for size,
shape and position. The incidence of
inaccuracy in these respects appears,
from all investigations carried out to
date, to follow the normal probability
curve. These tolerances are therefore to
be combined statistically: the combined
S-tolerance for a single component is
the square root of the sum of the squares
of the tolerances assigned for size,
squareness, bow, position, plumbness
A standard run of components between
critical gridlines is then assumed. This
shall be the nearest length to 6 metres
or ten components, whichever gives
the smaller dimension. This means that,
for a component of 4m or more, there
will only be one in the run; and that
the run will be less than 6m for com-
ponents of lessthan 600mm. Atolerance
is assigned to the space between the
critical gridlines, and the square of this
is added to the sum of the squares of

—

Minimum joint width
S-tolerances
A-tolerances

Average joint width

&_
e—— Maximum joint width

table number too large or too small will
have to be rejected or adapted.

4.8 The difference between the work
size and the modular size is the Average
Joint Width. The work size and the
average joint width will have been
established by combining tolerances
over the standard run of components.
They remain constant for longer or
shorter runs of components. For longer
runs than the standard one, there will
be progressively less variation in joint
width: the minimum joint will grow
larger and the maximum smalier. For
shorter runs than standard, there will be
more variation. If a designer places
critical gridlines closer together than
standard, he must either expect that
some joints will be smallerthan minimum
or larger than maximum (the amounts
can be calculated) and design the joint
to allow for this or expect more
rejections and adaptations.

4.9 The Minimum Size is the smallest
acceptable on the construction site.
410 The Maximum Joint Width is the
largest to be expected on the site for
the standard run of components. If it is
too large, the critical gridlines must be
spaced further apart, or the original
tolerances before combination must
be reduced, or the joint must be re-
designed.

5. QUANTIFICATION

In the present state of knowledge the
dimensions to be assigned to the
original tolerances for size, squareness,
bow, position and plumbness of any
particular kind of component must be
derived from guesswork and tradition.
The words above, 'a predictable number
too large or too small’, anticipate a
situation that does not yet exist. It will
not exist until many thousands of
manufactured components and their
positions in actual buildings have been
measured and their deviations from
specified size, shape and position sub-
jected to statistical analysis. Then the
existing standard of accuracy will be
known. This will allow a balance of
advantage to be struck between the
cost of fine manufacturing tolerances,
fine position tolerances, special jointing

details and the number of rejects or
adaptations on the site.

6. QUALITY CONTROL

In spite of the present quantification of
tolerances by guesswork, the combining
ofthem statistically has the great advan-
tage of allowing manufacturing tol-
erances to be realistically large for each
aspect of size and shape, whilst at the
same time allowing work sizes to be
large in relation to modular sizes. The
choice is not between expensively fine

7. SPECIFICATION OF
TOLERANCES

In British Standards and in manufac-
turers’ catalogues the modular sizes
for length, width and height should be
stated and against each the maximum
size, the work size and the minimum
size should be shown.

Manufacturers should be prepared to
show how the work size has been
calculated for the standard run of
components, and to state the amounts
allowed for the several aspects of
tolerance: size, shape, position and
deformation.

APPENDIX

Definitions from the draft ‘Dimen-
sional Co-ordination in Building.
Glossary of terms’ (Revision of
BS 2900, Part 1).

NOTE: These terms are still under
consideration in the BS| Committee
responsible; the draft for comment was
circulated in July 1968. The definitions
are included only as necessary refer-
ences to the draft revision of BS 3626.
Comment should not therefore be
directed to these definitions.

NOTE: Words in italics in definitions
are terms defined elsewhere in this
Glossary.

101 DIMENSIONAL
CO-ORDINATION

The application of a range of related
dimensions to the sizing of building
components and assemblies and the
buitdings incorporating them.

102 MODULAR CO-ORDINATION
Dimensional co-ordination using the
international basic module, multi-
modules, sub-modules and a modular
reference system.

201 MODULE

A convenient unit of size which is used
as an increment or coefficient in
dimensional co-ordination.

202 STANDARD MODULE*
A module whose size is selected from
the preference listed in BS 4011.

203 (INTERNATIONAL) BASIC
MODULE*

A module with the size of 100mm.

204 MULTIMODULE*

A module whose size is an agreed
multipte of 100mm.

205 SUB-MODULE*

A module whose size is an agreed sub-
division of 100mm.

*NOTE: 1. The following modules:

(a) multimodule of 300mm.

(b) international basic module of 100

mm.

(c) sub-modules of 50mm. and 25mm.
are equivalent to the respective units of
size recommended in BS 4011 for the
derivation of co-ordinating sizes for
building components and assemblies,
generally subject to a maximum co-
ordinating size of 300mm. based on the
50mm. and 25mm. sizes.

2. Multimodules of 300mm., 600mm.,
1,200mm., 3,000mm., and 6,000mm.,
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are agreed internationally for application
to various categories of buildings.

206 MODULAR*

The sizes or spacing of which are
multiples of the /international basic
module, multimodules or sub-modules.

301 REFERENCE SYSTEM

A system of points, lines and planes to
which sizes and positions of a building
component or assembly may be related.
301.1 Reference point

A point of a reference system.

301.2 Reference line

A line of a reference system.

301.3 Reference plane

A plane of a reference system.

302 MODULAR REFERENCE
SYSTEM

A reference system in which the distance
between adjacent parallel planes or
lines is a multiple of the international
basic module.

302.1 Modular point

A point of a modular reference system.
302.2 Modular line

A line of a modular reference system.
302.3 Modular plane

A plane of a modular reference system.
302.4 Modular space

A space bounded by modular planes.
303 KEY REFERENCE PLANE

A reference plane which defines the
boundary of a controlling zone or the
axis of a load-bearing wall or column.
303.1 Controlling line

A line representing a key reference
plane. A plane by reference to which a
building component or assembly is
co-ordinated with another.

305 BASIC SPACE ’

A space bounded by co-ordinating
planes, assigned to receive a building
component, or assembly, including
allowance for joints.

306 ZONE

A space bounded by reference planes
within which a building component or
group of building components is ar-
ranged, or which may be left unfilled.
306.1 Controlling zone

A zone for a floor, roof, load bearing
wall or column.

306.2 Modular zone

A zone bounded by modular planes.
307 NEUTRAL ZONE

A zone which interrupts the regular
increments of a reference system, and
which may be of modular or non-
modular size.

401 GRID
A network of reference lines in one

plane, generally rectangular,
Associated terms:

401.1 Grid line

Aline in a grid.

401.2 Modular grid

A grid in which the distance between
adjacent parallel lines is a multiple of
the international basic module.

401.3 Modular grid line

A line in @ modular grid.

402 (INTERNATIONAL) BASIC
MODULE GRID

A grid in which the distance between
adjacent parailei lines is one inter-
national basic module.

403 PLANNING GRID

A grid applied to the plan of a building.
Associated terms:

403.1 Modular planning grid

A planning grid in which the distance
between adjacent parallel lines is a
multiple of the Jinternational basic
module.

403.2 Planning module

The module of a modular planning grid.

404 STRUCTURAL GRID

A planning grid for locating structure.
404.1 Modular structural grid

A structural grid in which the distance
between adjacent parallel lines is a
multiple of the international basic
module.

404.2 Structural module

The module of a modular structural grid,

405 SPACE GRID

A three-dimensional network of refer-
ence lines, generally rectangular.

405.1 Modular space grid

A space grid in which the distance
between adjacent parallel lines is a
multiple of the international basic
module.

406 (INTERNATIONAL) BASIC
MODULE SPACE GRID

A space grid in which the distance
between adjacent parallel lines is one
international basic module.

501 (BUILDING) MATERIAL
Matter from which a building is made.

o e .
502 (BUILDING) SECTION &%
Building material formed to a definite
cross-section but of unspecified length.
503 (BUILDING) COMPONENT

Building material formed as a distinct
unit.

503.1 Modular building component
A building component whose co-
ordinating sizes are modular.

504 ASSEMBLY

An aggregate of building components
used together.

505 PROFILE

The outline or faces of a building com-
ponent or section.

601 DIMENSION

A distance (e.g. between two points,
lines or planes).

NOTE: The definition relates to the geo-
metric concept of a dimension.

In ordinary usage, the word ‘dimension’
is sometimes used to denote a specified
size; thus reference is made to the
‘dimensioning’ of a drawing, when the
meaning is to enter upon it the specified
values of the dimensions.

601.1 Modular dimension

A dimension between modular planes.
602 CONTROLLING DIMENSION

A dimension between key reference
planes.

NOTE: e.g. floor-to-floor
centre-to-centre of columns.

603 CO-ORDINATING

DIMENSION

1. A dimension of a basic space.

2. A dimension which is common to
two or more building components to
permit their assembly.
604 LENGTH

One of two horizontal
normally the greater.

605 WIDTH

One of two horizontal
normally the lesser.
BREADTH—deprecated

606 HEIGHT

The vertical dimension above a hori-
zontal reference datum.

607 DEPTH

The vertical dimension below a hori-
zontal reference datum.

608 THICKNESS

A dimension of a solid in any plane
when its size is small compared to that
of the other dimension(s).

height,

dimensions,

dimensions,

609 FLOOR-TO-FLOOR HEIGHT
The height between the upper key
reference plane of one floor and the
upper key reference plane of the floor
above.

610 FLOOR-TO-CEILING HEIGHT

The height between the upper key
reference plane of one floor and the

lower key reference piane of the ceiling
above.

611 FLOOR-TO-ROOF HEIGHT

The height between the uppet key
reference plane of one floor and the
upper key reference plane of the roof
above.

701 SIZE
The magnitude of a dimension in terms
of a defined unit.

702 PREFERRED SIZE

A size chosen in advance of others for
specific purposes.

703 BASIC SIZE

The theoretical size of a dimension on
which the /imits of size and the work
size for dimension are based.

NOTE: In the construction industry, a
basic size is a size of a basic space.

A basic size may or may not be a co-
ordinating size. Where it is, it may be a
modular size.

NOMINAL SIZE—deprecated

704 CO-ORDINATING SIZE

A basic size which determines the co-
ordination of one building component
or assembly with another.

NOTE: Recommendations for the deri-
vation of co-ordinating sizes for building
components and assemblies are con-
tained in BS 4011.

705 MODULAR SIZE

A size that is any multiple of the inter-
national basic module.

706 WORK SIZE

A size specified for manufacture so that,
allowing for tolerances, the size of the
finished building component lies bet-
ween the required /imits of size.
NOTE: This term also applies to the
cross-section of a building section.
NOMINAL SIZE—deprecated

707 ACTUAL SIZE

A size found by measurement.

708 LIMITS OF SIZE

The extreme permissible sizes, between
which the actual size should lie.

709 TOLERANCE

The difference between the limits of
size between which a size or position
should lie.

710 DEVIATION

The distance between the actual posi-
tion of a point and its specified position.

THE PATENT GLAZING
INDUSTRY

The change to metric should not greatly
affect the patent glazing industry. The
kind of programme that is needed is out-
lined below by P. J. Peters, technical
officer, Metal Window Federation of Great
Britain.

The patent glazing industry is fortunate
in having a product with only three prin-
cipal related dimensions. Two of these
are obtained by cutting to size from
stock; they are length and breadth, which
can just as well be metric as imperial
without much extra effort or extra cost.
The other principal dimension, depth, is
unrelated to adjacent materials and
hence can remain in the imperial system
until die or roll re-cutting gives an op-
portunity to change to all-metric.

Re-training is a fairly simple matter being
restricted mainly to familiarisation with
length units, tapes and rules.

Small components in patent glazing are
generally unrelated to adjacent materials
and therefore may easily remain in im-
perial dimensions until specifications call
for the change—litile planning of such
changes seems to be indicated.

As a result of these relatively simple
dimensional relationships, the extensive
programme of change issued by the BSI
can be pruned to suit the requirements
of the patent glazing industry. The fol-
lowing brief notes would appear to be
all that is necessary to give guidance:
By December 1968 manufacturers should
have product data available in Sl units.
Conversions will be quite adequate if
rounded as follows:

overall dimensions fo tmm.
thickness of materials to 0.1mm.
diameter of fasteners to 0.1mm.
section dimensions to 0.1mm.
self ‘weight loadings 1 N/m.2
wind loadings to 1 N/m.2

Any contract likely to be finished before
1972 will probably be in imperial units.
Much work by designers and quantity
surveyors during 1969-71 will be in Sl.
During 1970-1972 contractors will change
steadily from imperial to Sl systems, job
by job. Mixing of units in one job is to
be severely deprecated.

Dies and other tools designed after
January 1969 should be in mm.
Bought-out components such as fasten-
ers should be obtained in ISO metric
sizes as the demand is felt. Maintenance
work will demand stocks in imperial units.
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NEWS FROM
THE INDUSTRY

Eftects on Private House-builder
The financial impact of the building indus-
try's changeover to the metric system on
private house-builders could be heavy,
Alan S. Eltett, chairman of the NFBTE Met-
ric Committee, told the House-Builders’
Conference held in London on 28 Novem-
ber. When this would be felt would de-
pend upon the degree to which private
house-building firms were involved in
public sector work. Even if house-
builders were not involved in the public
sector they would sooner or later be
affected by the changeover.

Mr. Ellett gave examples to illustrate the
inevitability of this effect. First, the
Government's decision that the public
sector should go metric would obviously
influence the private sector: manufact-
urers of materials and components would
not supply half the market in imperial
dimensions against an organised metric
demand from the other half. In addition,
as operatives and staff became exposed
to the influence of the public sector, they
would become increasingly accustomed to
working in metric terms.

On the question of rod reinforcement,
used by private and public sector alike,
Mr. Ellett pointed out that from 1 June
1969, only seven months away, only met-
ric sizes would be rolled as standard; in
13 months time (from 1 January 1970)
metric sizes only would be supplied as
standard.

Bylaws, of course, had already been
published as metric equivalents which
would have to be applied to public and
private sectors alike.

The changeover, said Mr. Ellett, would in-
volve the private house-builder in changes
in measurement and measuring equip-
ment, office machinery and stationery.
Plant such as cranes and mixers would
have to be recalibrated, and costing, esti-
mating, work study and long-term plan-
ning regulations would be affected too. As
well as regulations affecting safety and
the building by-laws, computer pro-
grammes would have to be re-written. On
top of all this, there was the change to
decimal currency on 15 February 1971.
Mr. Ellett identified three main areas
where visible costs would rise: in the
training of staff and operatives; in re-
writing, costing, bonusing and estimating;
and in the purchase of new equipment.
In addition, hidden costs would be in-
curred in administration, because of the
slowing down of performance due to un-
famifiarity with the system, and from the
increased risk of errors.

Savings might possibly be made as a
result of the dimensional co-ordination of
components which would lead to variety
reduction, rationalisation and large-scale

production; in addition, there might be
savings in design time.

Architects and other designers could
help, said Mr. Ellett, by making them-
selves aware of the metric changeover
programme and its implications, and by
appreciating the problems of the other
members of the building team. Archi-
tects could help too by providing clear
drawings, by working strictly to the pro-
gramme for the changeover as laid down
by the BS! and by commenting and con-
tributing to its progress through their
professional bodies. Designers could do a
great deal, in fact, to inspire confidence
in the metric programme.

Timber Difficulties

At a south-west forum held by The
Modular Society Standards Committee,
it was recognised that designers and
contractors would generally face a
cleaner change-over, with less intermix-
ing of imperial and meirtic materials,
than manufacturers and merchants.
The change-over appeared a particular
problem for the timber merchant. To
hold a stock of sizes in both imperial
and metric simultaneously would require
double the present storage area. Skilled
sorters usually grade timber into sizes
by eye, but the new metric equivalents
were likely to be so similar in shape to
the imperial that confusion was almost
certain to occur. It was predicted that a
resistance to the change would be
encountered amongst the older em-
ployees, ie, those whose families had
been in the timber trade for generations.
Manufacturers recognised the need to
redesign their products to metric sizes
rather than convert the dimensions of
their present products from impetrial.
However, none was willing to become
involved in expensive retooling without
prior knowledge of the revised perform-
ance standards and dimensions required
by the ‘metricised’ Building Regulations.
Designers were being hampered by the
lack of this same information. The forum
urged that revised Building Regulations
should be issued with the least possible
delay.

Metrication of the Highways

Basic metric design standards applicable
to highway design are set out in a
Ministry of Transport Technical Memor-
andum now being issued for use in
England, Scotland and Wales by all
highway authorities and consulting engi-
neers. The new design standards will be
used from 1 January.

The Memorandum sets out recommended
metric design standards for urban and
rural roads. While it is not comprehen-
sive and further memoranda will be
issued from time to time, it contains most
of the essential information about design
and layout of roads. Design factors, such
as design speeds, sight distances and
curve radii, are given and also many
details of more common interest such as
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widths for carriageways, footways and
central reserves.

Under the metric system laid down in the
Memorandum, the high design standards
of highways used in Great Britain will
be maintained without affecting costs of
construction. The types of road dealt
with range from dual fourlane roads
with 14.6 metre carriageways to single-
lane carriageways 3.5 metres wide used
in the remoter parts of the country and
as access roads in residential areas.

Metric for Rotherham College
The new two-storey craft block at the
Thomas Rotherham College, now taken
over by Sixth Form College students, is
believed to be the first educational build-
ing in the metric modular system to be
completed for a local authority. The edu-
cation authority required the additional
accommodation to teach housecrait,
metal and woodwork.

After investigating available building
systems, the Sheffield architects and
engineers, Hadfield, Cawkwell, Davidson
& Partners, members of The Hallamshire
Architects Group, recommended the A75
metric modular system, embodying lattice
steel beams and frame, of A. H. Anderson
Ltd., of London. Cost, speed of erection,
standard of finish, adaptability for inclu-
sion of services and particularly for
sound reduction qualities, were the more
important «considerations governing the
cholice.

The £29,200 block was buiit direct by
the works depariment of Rotherham
Borough in four months and classes were
under instruction in the new block within
five months of commencement.

Factory Built to Metric

Demag Hoists & Cranes Ltd., of Hemel
Hempstead, Herts., subsidiary of Demag
Zug of West Germany, is to build a
factory and office block on the metric
system at Banbury, Oxon. The Technical
Division of P-E Consulting Group was re-
tained as -architects for the buildings,
which will eventually consist of 7,000
sq.m. of production area and 2,400 sq.m.
of offices on three floors, as well as ser-
vice and welfare buildings on a land-
scaped site.

Construction will be phased over five
years and all buildings have been
designed to allow for each stage of
expansion with the minimum of disturb-
ance to the work carried on.

Getting to the Point

ICl is to adopt decimal pricing for
certain products from 1 January. Indi-
vidual invoice items will be shown in
decimals only, total invoice amounts
being presented additionally in £sd.
Three ICl Divisions will be involved.
These are Mond, for all its products
except lime, and the Agricultural and
Nobel Divisions, for their chemical pro-
ducts. The plans of other divisions are
also welF advanced.



Learning Metric

With the approach of 1969, and the first
designs in metric units being required for
public sector contracts, a system called
Metripack, which purports to overcome
the hurdle of thinking and working in
metric in something like 50 hours, has
had a timely launching. It comprises
some 40 separate lessons (or modules,
which is given as a euphemistic alterna-
tive) which cover the whole range of
metric knowledge that will be required in
the construction industry. Provided, it is
claimed, the nature of the trainee’s job is
known, by his answers to an adaptive test
it is possible to tailor a programme that
will exactly fit his learning needs, i.e. no
metric tuition surplus to his needs is
given.

The lessons appropriate to each person
are made up in packs, complete with
visual aids. These include a scale, ther-
mometer, reference cards and everything
else needed to help the individual acquire
metric thinking. The course is designed
so that each lesson is properly learnt
before further advances are made.

In addition to the individual packages,
the system includes a package for com-
pany training officers which contains a
pre-recorded lecture tape, film slides and
other aids. These should enable him to
start his own staff seminar within the
context of his company’s operations.
Initial samplies of the Metripack ques-
tionnaires surprisingly make frequent use
of the centimetre—not an SI unit. It is
explained, however, that early concentra-
tion was on getting the system right, and
having done that there would be a
general tidying up of the content, includ-
ing identification in the BS| recommenda-
tions.

The cost of a Metripack system varies
according to the number and types of
staff to be trained but as a rough guide
the order of cost is as follows:
Secretarial and junior staff: £12 per head;
main grade technical staff: £25 per head;
some specialist functions up to £35 per
head.

Inquiries should be made to Northwood
Metric Services Ltd., 258 Gray’s Inn-road,
London, WCA1.

Weekend Course

A weekend course for their management
personnel was held by J. M. Jones &
Sons Ltd., building and civil engineering
contractors, at Hartley Wintney, Hamp-
shire, from 6-8 December. The 86 senior
members attending were formed into
syndicates to study the problems created
by metric conversion.

‘Going Metric’ Exhibition

An exhibition called ‘Going Metric’ will
be opened on Monday, 10 February, at
The Design Centre by Anthony Wedgwood
Benn, Minister of Technology. It will show
what the metric system is and how indus-
try may use the change to metric as an
opportunity to improve products and pro-
duction processes. The effect on exports,

communications between scientists and
engineers, international travel, sport and
education will also be illustrated.

During the exhibition, which closes on
8 March, a programme of half-day semi-
nars for senior management in the engi-
neering industries is being arranged by
the Council of Industrial Design.

Metrication for School Building
Local authorities are given guidance on
the metric changeover, particularly as it
relates to educational building, by the
Department of Education and Science in
an administrative memorandum (14/68
‘Metrication in the construction industry’).
It deals with the administrative arrange-
ments needed to ensure that educational
building projects conform to the agreed
BSI programme. An appendix gives the
metric analogues for the Standards for
School Premises Regulations 1959. The
metric equivalents of dimensions quoted
in Building Bulletin No 7 ‘Fire and
design of schools’ are also given.

Concrete Pipes

The Concrete Pipe Association has put
forward a recommendation that standard
bore designations for concrete pipes
should be 150mm to 900mm in 75mm
increments and then 900mm to 1,800mm
in 150mm increments.

Metric Bibliography

The MPBW is to publish, early in 1969,
a comprehensive Metric Bibliography.
This will be used by the BSI and Build-
ing Centre lecturers in the campaign of
explaining the change to metric in the
construction industry.

LETTERS

Meiric Warehouse

Sir—l have recently read the latest
edition of BMN, and there are a number
of small points which | feel | should
draw to your attention.

(a) Bovis Metric Contract Article.

(i) There is no need for any builder to
buy himself a so-called ‘metric theodolite’
with 400 grade circles. The grade or cen-
tesimal system is only used in some parts
of Europe, and it is not part of §1.

| should have thought an -editorial com-
ment to this effect would prevent many
of your less informed readers from dash-
ing out to buy a particularly useless and
expensive piece of equipment.

(ii) Mention is made of visualising
305mm as a foot—we have found that
300mm is an easily envisaged unit for
students and is sufficiently close to the
one foot rulers they are traditionally
accustomed to handle.

(iii) The use of the comma as the
thousand marker appears consistent
throughout despite the past pronounce-
ments by BSI and others—| would
imagine BMN should set an example in
presentation.
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Since so much material was published
recently using the comma as a decimal
marker, it is a dangerous practice to re-
introduce the comma for groups of three
digits. .

(b) Article on lamps.

The comma again!

(c) Footnote to Table 4.

(i) The comma again!

(i) Surely, the last part should read ‘i.e.
1000 kg/mi=specific gravity of 1.000’
and not a specific gravity of 1,000.

W. S. WHYTE [ARICS, AIAS, FRSA],

Senior Lecturer,

Leicester College of Art & Design.
(Until the official BSI date for designing
in metric is reached, it is deliberate
policy on our part not to comment on
initial projects in metric working. We
agree, however, that some comment on
the Bovis metric contract would have
been helpful. As regards the use of the
comma as the thousand marker, a revised
version of PD6031, which governs future
notation, is shortly to be published and
we shall then adopt its recommendations.
This should eliminate any residue of con-
fusion between the dot and comma which
led to the error in specific gravity noted
by Mr. Whyte—ED.)

PUBLICATIONS

Conversion for Machine Tools
Mintech has published a 22-page guid-
ance booklet ‘Machine tools for metric
production’ which deals with some of
the factors to be considered by machine
tool users in changing from imperial to
metric production. The booklet, which is
the work of the Machine Tool Industry
Research Association, is based largely
on the experience of the machine tool
industry and on those of a number of
other companies who have also made
detailed studies of the problems involved
in changing to the metric system.

in addition to the many aspects of
conversion of existing machine tools, the
pooklet contains a full description of
inch-metric feed screw indicators and
lists the manufacturers of a range of
dual-dial indicators and other dual-read-
ing- devices. Copies of the booklet are
obtainable free of charge from the Minis-
try of Technology or the Machine Tool
Industry Research Association.

Load/Span Tables

In readiness for the change to metric the
Federation of Concrete Specialists are
preparing revised span tables in 8l
units for precast and in situ floors. They
can be used in conjunction with the
metricated revision of CP 114, 115 and
116, and for the unified structural code
when the latter is available. Further in-
formation can be obtained from the FCS,
13 Goodwin’s-court, St. Martin’s-lane,
Lonhdon, WC2.
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Metrication, the Computer and SI

This is the third of a series of con-
version tables compiled by R. M. E.
Diamant and B. A. L. Hart which ap-
pears in this section each month.
They are to be used like logarithmic
tables, using a ruler to ensure clear
distinction of the horizontal lines.
The tables have been set with the
help of the English Electric KDF9
computer at the University of Sal-
ford.

Table 5

Kilogrammes per metre to pounds per foot to pounds per yard.
Note: DIFF signifies units of two so that the reading for any number required is taken
at the intersection of the appropriate horizontal 10 unit line and the vertical two unit
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pounds per foot to pounds per yard. This
table is to be used for peripheral! loading
calculations, edge loading, as well as giving
the weight/length particulars of such items
as beams, rods, panels, etc.

column.
DIFF 0 2 4 [ 8 0 2 4 6 8
kg/m 1b/ft 1b/yd
0 1e3 247 400 5e4 4,0 B8yl 1241 {64}
10 6e7 8ol 9ed 10e8 12l 202 2442 2842 3263 3643
20 1344 14,48 1601l 1765 18e8 4003 4444 4844 5244 5604
30 20e2 2145 2208 2442 2545 605 6445 68,45 T2e6 Téaé
40 26+9 28,2 2906 3069 3243 8006 8447 88,47 9247 968
50 3346 34,9 3643 3746 3940 100e8 10448 10849 11269 11609
60 40,3 41,7 43,0 4444 4547 121e0 125,00 12940 1334} 13741
70 4740 4844 4907 5]l 5244 14lel 14541 14942 153,2 1572
80 5348 55,1 564 5748 5991 16143 16543 169,3 173,4 17704
90 ‘60e5 6148 63e2 6445 6549 1814 1855 189,5 193.5 19746
100 6762 68,45 6949 Tle2 7246 20146 20546 209,47 21347 2177
110 739 7543 Tbeb 779 7943 22148 22548 22948 23348 237.9
120 80.6 82,0 8.3 8447 8640 241e9 245,9 25040 254,0 25840
130 87 ¢4 88,47 90.0 9led 9247 2629 26601 27041 27442 27842
140 944 9544 9648 984! 9945 28202 28643 29043 294,3 29844
150 10008 10241 103e5 10448 0642 302¢4 306e4 3J10e5 31445 31845
160 10745 108,49 11062 11145 11249 322e5 32646 33046 334.6 338.7
170 11402 11546 11669 11843 11946 34267 34647 35048 354,8 358,.8
180 12100 122¢3 12346 12500 [2643 362049 36609 3IT049 375.0 37940
190 1277 12940 13044 131e7 13341} 383¢0 38741 39141 395,01 399,2
200 13444 13547 137el 13844 1398 403e¢2 40742 41142 41543 419e3
210 14lal 14245 14348 145,1 14645 42363 42744 43)44 435,4 439,.5
220 14748 14942 15045 15149 15342 443 e5 447.5 45196 455,6 45%.6
230 15446 15549 15742 15846 15949 463¢7 46747 A4T1eT7 475,88 47948
240 16163 16246 164,40 16563 16646 48348 4879 49149 495,99 499,49
250 16840 16943 17067 17240 17344 50440 508,0 5120 5164} 52001
260 17427 17641 1774 17847 18041 5249l 52842 53242 53642 54043
270 18led4 18248 1844]1 185.5 (86e8 544¢3 54843 55294 55644 56044
280 18022 18945 190e8 19242 19345 564e5 56845 572¢5 57646 58046
290 19449 19642 19746 19849 200,2 58446 5886 59247 59647 600,7
300 201le6 20249 20443 20546 207,0 60448 60848 61248 616,49 62049
3l0 20843 209,7 2110 21243 21347 62499 62940 633¢0 63740 64le!l
320 21540 21644 21747 21941 22044 64501 649.1 65342 65742 66142
330 221 e8. 22341 224.4 22548 227} 66503 669e3 673¢3 67743 68144
340 228e5 22948 231ald 23245 233.8 6B5¢4 68944 69345 69745 70laS
350 23542 23645 2379 23942 240,46 70546 70946 71396 71747 721a7
360 24149 243,3 24446 245,9 247.3 7257 72948 73348 T37,8 7T41.9
370 248e6 250,0 25123 25247 25440 T45e9 74949 754,40 758,00 76240
380 25543 25647 25840 259,4 260,47 76600 77041 77441 77841 T782a2
390 26201 26344 26448 2664) 26744 78602 T790,2 79443 79843 802.3
400 2688 270,1 271.5 272.,8 274,42 806sd4 B10es4 Blde4 B818,5 82245
410 27545 27649 27842 27945 28049 B26e5 83046 834,66 B838,6 842.7
420 28242 28346 284.9 28643 28746 846e7 85047 85497 858,8 862.8
430 28849 290,3 29146 293,0 294,43 Bbbe8 BT049 874,99 878,9 883.0
440 29547 29740 29844 29947 301.0 88740 89140 89541 899,11 903al
450 302.4 303,7 305,10 306e4 30748 9072 911s2 91542 919¢3 9233
460 30941 31045 311e8 31341 314,45 927e¢3 93144 93544 93944 9434
470 3158 31742 31845 31949 321a2 947e5 95145 95545 95946 9636
480 . 32245 323,9 325.,2 326e& 32749 96Te6 971a7 975,7 979.7 983.8
490 329¢3 33046 3320 33343 334,.6 98748 991e8 99549 999,9 1003,.9
Table 5. Kilogrammes per sq. metre io



