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Foreword
“The proposal that a code of practrce for accuracy in bulldmg
should be prepared arose when the draft * Rec\ommendatlons
for a system of tolerances and fits for burldlnq was c1rcu-
lated for comment.in March 1962 (Subsequently this draft
" was issued as BS 3626 ‘Recommendations for 2 system of .
tolerances and fits for building’ which now has. been
wuthdrawn ) The proposal originated from the National
" Federation of Buiiding Tiades Employers and was approved
"by the Codes of Practice Committee for Building. The "
terms of reference of the committee charged with this task
were tu prepare a British Standard code of pracllce for
sett:ng out building work and for the retention of accuracy
. during construction. To fulfil these terms of reference it
was found necessary to |dentrfy the need to.apply the
I'f’prlnclples of dimensional control as part of the design
process, to estimate dlmensmnal variabilities and to provide
guidance for specifying requirements and for achlevmg
acceptable results during construction.

This resulted in the publication in November 1969 of

- PD 6440 ‘Accuracy in building’ (DD 1) now withdrawn.
The recommendations were published as .- Draft for
Development because the committee felt that only provi-
sional recommendations could be made then. It was. intended
to revise that document as a code of practice after a perlod
of about b years during which it was hoped that users of
the recommendatlons wolld report thelr experience back
to the commlttee To facilitate this rhe document contained
as an appendix a standard format for the submission of

. accuracy data to BSI. When it became apparent that the

- desired feedback was not being obtained, it was decided to

. initiate an extensive survey of building accuracy in order to
check the values given in clause 4 of that document. BS!
and the Department of the Environmeant commissioned a
. survey of projects in which limits of deviation had been

. specifierd as in PD 6440. Measurements were made by

" contractors on samples of several building elements in the
common constructional materials. Standardized methods
of measurement and data forms (see appendix A} were
devised by the Department of the Environment, Building
Research Establishment, which also analysed the data:
returned from over 200 projects. Copies of this analysis
may be obtained from the Building Research Establishment,

The committee believes that very much greater confidence -
.can be placed in the measured information than in the
estimates it replaces. To that extent the use of the values
in this code of practice should enable a cons:derably Better

_ dccount of accuracy to be taken in design and ccnstructron

BS 5606 : 1978

However, whilst the accuracy survey. was extensive, confi-
dence in its validity can be further rncreased by the
continuing collectron and assrmrlat:on of more rneasured
data. i . : v o

" Now the commrttee recommends that the contrnual gathering

of mformatron on the accuracy achieved in building shoutd
be programmed to be pursued jcrntly by the construction
industry, the Department of the Environment, the Building
Research Estabirshment and the, E.rrtrsh Standards
institution. o o C% P

As new and |mpruved methods of ccnstructron and new
'matevlall's are introduced, so also shoujd any changes in
accuracy be observed and the values continually be brought
up to date, Publication of amendment\sllps would serve
this purpose; | ‘. ‘

1
Furthermore there are certain burldmg elements Wthh
have not yet been measured under controlled conditions

. on a sufficiently large scale to justify the publrcatron of

their dimensional varlabllrty In an approxrmate crder of
priority these include: ' .

(a) replacing the estimated vaiues in table 3 by
measured values, partlcularly for the, .aceuracy in
position of foundations, components and elements;
{b} tevels and flatness of concrete slabs of dlffenng

forms of construction; . g
(c) straightness of the edges of concrete slabs and
beams;

{d) deviations from a vertical plane of the edges of
successive concrete floors and the e}(ternal faces of
concrete frames in multi-storey buildings;

{e) flatness of walls; '
(f) widths and bearmg areas of beams and slabs
{g) lift wells;
{h)  portal frames;
(i) stairs;
{j) ‘Liftslab’ constructron

This order of priority will have to be ﬂexrble as these items
can be measured only when they become available for
survey. As many items as possible wrll be measured on any

' project. Addmonal data forms are belng devised to facilitate

the collection of mformatlon on these elements. A survey is
reqmred also to verrfy the accuracy in use of measuring
mstruments The code does not give values for the accuracy
of n'}anufactured components; values for $Ome components -
may, be fourid in the relevant British Standards. A survey of
manufacturing accuracy ‘is currently:under consideration,
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‘-

British Standard coée of practice for
‘Accuracy in building

S_éctibn one. General - < . . ¢
0. Introductlon . .
- In any production process dimensional devratlons of one ,

the size and shape of buildings or building components
equal the specified target size. Traditionally, the effects of
these dimensional devratlons were masked by architraves,
cover plates, etc., (whlch were specified at the design stagel,
or by corrective measures on site such as making to dimen-

sions as found, cutting to fit and making good. Adjustments 3 Deflnltlons ' ”"ff '

on site have been.accepted in the past as a normal part of the
burldmg process and its-costs and, in general the worklng

- of each successlve trade has concealed or has attempted to

' compensate for’ successrve dEVlatIOr‘IS

However when the expected accuracy of constructlon is
known it can be taken into account in design. (Methods are
given in DD 22 and the BRE Graphical Aids.™) This will

" _remove much of the need for suich corrective measures

"From statistical analysls of the results of the survey descrrbed
in the foreword, it was found that each combination of
construction methods and materials demonstrated its own
.- pattern of accuracy above and below the intended size, Thrs

. “ regular pattern has been called its characteristic accuracy,
s, an ‘important new concept in this code that the accuracy

of any particular process is characteristic of that process.
“The relatlonshrp between characteristic accuracy and.
: permrss:ble deviation is ‘'given in 6.7. The application of

‘ 'perm|ssrble devratlons does not change the characteristic

accuracy, it lmposes Ilmlts on lt as described in 6.7,

" The characterrstlc accuracy of assembly that may be D
expected on site, for given components and constructlon is.
stated in table’1. By making use of characterrstlc accuracy ‘
the deslgner can allow for dn*-e"‘uonal deviations at the '
" design’ stage in order to reduce the time taken intrying,
cutting to waste and fitting and non- productlve contract -
time. [t should not be overlooked, however, that character-
_Istic accuracy indicates the probabrlrty, not the certarnty,
“"that sizes will comply with those intended (see 6.8.2)"
~While the content of this code is of general application to
building, its full benefits accrue in'the context of dimen-
* sionally co- ordlnated construction and the principles put
" forward are compatlble wrth other documents for the appli-’
- cation of dimensional co- ordlnatron (See BS 4011 FD 6444
and DD 22.)

1. Scope

This British Standard code of practice presents the results
- of a survey of building accuracy and‘shows how such data.
may be used in specifying permissible deviations. It outlines

‘Graphrcal aids for tn erances and fits, Handbook for manufacturers designers and builders. R B, Bonshor and -

Bunomg Hesearch Estabirshment chort HMSO London, 197a

kind or another are inevitable, hence onIy hy chance will %"

'

features of the burldmg process whlch affect accuracy
needing. conrlderatton at the design stage and recommends
' methods for achieving acceptable resuits during settmg out

and ccnstructlon The code is intended to be applred to
gburldlng rather than to civil engmeerlng works.

2. References = PR "
The trtles of the standards pubhcattons referred toin this %
code are I|sted on the ll’lSIde back cover.” . . ' ‘

i For the purposes of this code the followmg defmmcns
apply :

l3 1 assembly An aggregate of. burldlng cornponents used
together {see BS 2900). :

3.2 bow, Curvature of the length or wrdth of the compo
nent expressed asa dev:atlon from a strarght Ilne connectmg
the extremities,

3.3 characterlstrc accuracy The accuracy expressed in
terms of displacement of the mean and the standard’
devlatlon found by measurement ofa representatrve
sample and assumed to be characteristic of the whole. -
A typlcal dlstrlbutron of characterlstlc accuracy iis shown
in frgure 2. . Lo

NOTE In this code the values for characterusuc accuracy are ‘

measures of the accuracy found by the survey Thus these values
have a. nat:onal basis and reflect UK practrce .

3 4 component Eualdmg materral formed asa dlstlnct umt
(see BS 2900}, N ;

3.5 co- ordmatlng dimension, A dlmenslon ofa space
bounded by planes, lncludrng allowance for joints and toler-

. ances, aliocated to a burldlng component or assembly by

reference to whrch it is co- ordmated wrth another.

3 6 co- ordlnetmg size, Thesize ofa co ordmatmg d|mens|on
.. {see BS 2900] .

3.7 cntlcnl dimension. A dlmensron wh|ch is to take prece
dence over other dimensions when it-is bemg establlshed on
site (see frgure 6).

3.8 creep. Slow |nelastrc deformatron (or movement) under

e StI'ESS

3.9 deductlon The value obtalned by subtractlng the vvork
size from its correspondlng co-ordinating srze

- 3.10 devlet.cm The drfference between a size or position
(actual, Irmlt ete.) and a speclfled size or posltlon (see

BS 2900).

NOTE For exarnple actusl deviation, maximurm permissible .
deviation, minimum permissible deviation, etc. '

DOcUments'“

LGl
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subtracting the intended size from the meari size that is other three. . , 5 .
characteristic of a type of space or component (see figure 1). 5.21 work size. A size of a building component specified :
3.12 element. Part of a building or structure having its own. for its manufacture, to which its actual size should corifqr_m o
functional identity, Examples are foundation, floor, roof, within specified permissil:__»]e deviations {see BS 29[_)0). R
wall. ‘ . T !

3.13 margin. The distance between the joint face of a Section two. Méasuréd 'values"l‘of acf:'l.'l‘rzli'cy
building component and the joint reference plane (see ‘ e

BS4643. . % 4. Thesurvey  ° - . . T
3.14 master bench mark (MBM). The level datum from .~ 4.1 Measurements taken on site, Measurements were made
which ali Tevels on site are derived, " " of the size and shape of building elements, and the spaces,

" NOTE, The level of a master bench mark is determined usually by between them, in the commeon constructional materials.”
reference to the nearest convenient Ordnance bench mark. . . The standardizeq fnethods used for measuriﬁg' t'he péi‘ticular
3.15 permissible deviation {PD). Specified limitls) of - dimensions chosen for the survey are given in appendix A,
deviation. ' : .. Sufficient examples of each form of congtrpctibﬁ were | - |

. taken for there to be reasonable expectation that the values
are representative, C S S o,

3.11 displacement of the mean (x). The value obtained by the deviation of one corner from the plane containingthe.. Nt

Lo

3.16 space size. The intended size of an opening formed
between two components when erected, i ., the sum of the T . ST

- co-ordinating size of the opsning and the margins of the 4.2 Analysis of the measured data. Tabie 1 presents the -
two companents. . . . data in a form showing the average deviation of the measured
3.17 standard deviatien (SD), The positive square root of sizes from those specified,. (the ‘displacement of the. m‘iean'f)',
the mean of the sum of the squares of the deviations. [t is and the spread of these deviations, {the ‘standard deviation’).

a measure of the spread of sizes about their mean value {see = 4-2.1 Displacement of the mean (x)". A zero value implies
DD 22). ! - that the scatter of achieved sizes, owing to unavoidable .
inaceuracy, is expected to be distributed equally about the
target size. Where the value is +¥ mm" the implication is
that the scatter is expected to be about a size which is

3.18 tolerance, The difference between the limits within
which a size or position should lie. Tolerance is an absolute -

value without sign but the dimension or axis to which it ) — L .
larger than the target size by X mm; similarly a mean of

appiies has to be stated (see BS 2900) s SR L oy g e

) . "= mm’ indicates a scatter about a size which is smaller
3.79 transferred bench mark (TBM}. Subsidiary leve! © ithan the target size by X mm, Designers can assess how .
datum derived from the master bench mark. significant the effect of a dispiacement of the mean may be

3.20 twi«’.it. Spiral distortion of the component measured as when célculating for fit (see figure 1). -

Space or work size . N .
: ' ; Displacement of the mean sjze

Characteristic mean {size , : ; from the space or work size

[t ——

oy -

i

Number of times value occurs

-PD ) K . +PD .

Tolerance

Figure 1. Effeq: qu displacam(ynt of the moan size by +X from the sﬁace or wotK size on the acceptability of sizes {ser 4,2,

-*In this code X is.the mean of the values obtained by subtracting the space or work si

O i
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4.,2.2 Standard deviation (SD). This calculated value is a -
statistical description of the expected scatter of achieved
sizes when repeated attempis are made to achieve a target
size. A standard deviation of ¥ mm indicates that fora |
normal distribution:

68.27 % of achieved sizes are expected to be within
+ y mm from the mean;

95.45 % of achieved sizes are expected to be W|th|n
+2 y mm from the mean;

99.73 % of achieved sizes are expected to be within
3 ¥ mm from the mean;

this is illustrated in figure 2.

WARNING. Values for standard deviation are not to be
confused with those for permissible deviation such as are
given in table 3. The standard deviation values in table 1’
contain only 68 % of the expected scatter, while the
permissible deviation values in tabfe 2 are expected to
contain a much higher propartion, usually very close to
100 %.

4.3 Measured values

4.3.1 General. Differing grades of accuracy had been
specified for the work which was the subject of the accuracy
survey but, as no significant difference was found in the
results, these have been combined into one value in table 1.

When using the values in this table reference should be
made to the correspanding data form i in appendix A in
order o identify the d:mens:on to wh:ch any value is

y appllcable

4 3.2 Data re!evant pnrmanly to f:t {see table 1 parts T.1.1.
and T.1.2). The values in these parts of the table con be
used to determme the probability of misfit when compo-
nerits.are to occupy spaces and are therefore the \ralues ta,.
be used for assessment of fit L u.:mg DD 220r the BHE
Graphical Aids.® ., o

For floor to sof‘lt data, measurements were made at
stpports and at midspan. No' sngmfscant difference existed

n.

and therefore a single composite value is given, This vatue = i
is recommended for use with DD-22 or the BRE Graphlcal o
+ Aids™ when assessing the fit of components that areto.

occupy such spaces. When assessmg the effect on. f:t of
inherent deviations, camber and deflectson should also be
taken into account.. All measurements were made under
1 lead-loads only. i ‘ '

4.3.3 Data relevant pnmaniy to control af accuracy (see

- table 1, parts T.1.3 and T.1.4). The data in these parts of -

the table are relevant only |nd|rectly to the consideration .

of fit; they are retated primarily to'the control of accuracy.
‘Comparison of the values given with any tolerance |mposed

on them provides an indication of the probab:l:ty that
correctlon may be needed at some stage.

" Number of times value occurs

68.27°%,

I

approx, lin 3 fal!iﬁq outside
95.45%

approx. lin 22 falling outside

99 73%

Figure 2. Normal diétrihutio'n of sizas {see 4.2.2)

approx lin 370 falling out5|de

*The standard deviation values have to be mulitiplied by three for use with tha BRE Graphicei Aids.'
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~ 5. Characteristic accuracy ,
In PD 6440 values of permissible deviation were given for a

number of ‘grades of accuracy’ for the different elements of

construction. Measurements were made in the survey of
elements for which grade 1 and special grade had been -
specified: As noted in 4.3, examination of the analysed data
showeri there to be no signifiéant difference in accuracy for
these two ‘grades’. It was recognized then that ‘normal
methods’ of working gave rise to a consistent dimensional
variability which is the "characteristic accuracy”.This can be
expressed by values for standard deviation and displacement,
of the mean, Designers can use the characteristic accuracies
given i'r:1’ table.} in calculations for sizes 1o give good fit in™
the expectation that contractors’ normal methods will

- produce the results desired by, the designer.

The characteristic accuracy for an element of construction

cannot be improved merely by specifying a smaller permis-
sible deviation. It is hecgssary also to change the methods’
of construction, e.g. by closer control of the quality of

materia[_s, by dimensional checking, by the use of intrinsi- -

cally more accurate techniques in order to improve on

~ the accuracy resulting from normal methods (see 6.7(i)). -
Such action is likely to incur greater costs than the ’
acceptance of normal methods, :

Section three. Specifying perm issiblé deviations

- 6. kPe‘rmissibIe deviations

6.1 General. Absolute dccuracy exists only in theofs; all . -
construction and manufacturing processes are subject to
inaccuracy. Permissible deviation is imposed on character-
istic accuracy to ensure that the finis'hed;building, or any
part of it, is acceptable for the purpose for which it is
intended. Therefore those concerned with the design of a

" building and its components should-identify the specific . -
purpose for which a permissible deviation is specified. The
imposition of a permissible deviation for no identifiable
purpose is pointless and uneconomic. i

6.2 Dimenéional tolerances, Dimensional tolerances are .
specified in differing forms as indicated in figure 3{a).in ", *
practice, attempts to achieve a target size in a component ..
or element will result in some being larger and some smaller -

* than the target size no matter how hard attempts are made

to avoid this. The forms in Tigure 3{a}{3} and (4) have been | .
specified sometimes in.the belief that zero has greater force

than any other numerical value, which it has not, -

For this reason permissible deviation vatues equidistant
‘about the work size as in figure 3(a}(2) are used to quantify
tolerances in this code and ‘permissible deviation’ or ‘PD" is
»  used in place of ‘tolerance’ except where general principles
 are being described. if a specification of permissible devia-
»tions in the form of figure 3(a}(3) or (4) is converted to one

“in'the farm of figure 3(a)(2) it is necessary to adjust also the
* work size (e.g. conversion of +0|;720 mm in figure 3(a){3)
10 £10 mm in figure 3(a)(2) requires the work size to be
‘changed from 1190 mm to 1180 mm).

When tq[granées selected for a form of construction listed
in table 2 are different from the permissible deviations

BS 5606 : 1978

‘given there, it is recommended that they be givenina -
.similar way, i.e., equidistant about the space or work size,

6.3 Positional tolerahces._.aFi'gure:-S{'b) shows, to an Co

 exaggerated scale, the deviations which may occur on the

site within 'the permissible :de‘\..riétions"speci‘ﬁed.fﬂo’r the
placing of a column, The tolerance envelope {61 the column
axis is the area within which the dxis of the column is -

~ permitted. L T ‘
6.4 Reasons for specifying permissible deviations, The

overall object in specifying permissible deviations is to define
standards of‘dimensiqnal acceptﬁbility to enabie compo. -
nents and construction to be fitted together to achieve a

satisfactory building,

I}

A]l pérmissib_lg deviétions‘i:ar;ry'some r'is'k of being éxi:eeded

‘that is of being met only after correction of some items. When

a specified permissible deviation embraces three standard

- deviations of 'characteristic accuracy the risk that correction
" will prove necessary is small or negligible. The values in-

table 2 have been calculated to achieve this {see 6.8) and

-should be specified by designers for normal work. If the

permissible deviation imposed is smaller than these values

 the risk increases and can be assessed'as in 4.2.2, Designers

should consider the acceprability of a predicted risk on the
basis of I(a) to (d) which‘follc_)w. They should qqnside'r‘also
the appropriateness of chosen permissibie deviation values
in relation to the type of building; e.g., farm buiidings may
be less demanding than others. In the case of exceptional

. requirements for accuracy, such as levelness of floors in-
~balance'rooms, it is recommended that such a need be

explaihed in the contract documents, - o
TS

"The pérm'issible‘deviation specified sﬂhou‘_ld také into aceount
 the following considerations, - ;

(a) Aesthetic. The deviations permissibie may in part
depend on the required visual quality of the building and
its finishes particularly the appearance and regularity of
joints, (See also 9.1(a).) ' . s

{b) Structural, The deviations permissible are deter-
mined by the need for structural stability taking into _
account potential inaccuracies in the assembly of joints
and bearings and any eccentricity of loading. See'CP 110"
- for conerete structures, CP 111 for masonry, CP'112 ¢
Part 2 for timber, CP 118 for aluminium and BS 449 for .
steel, ‘ )

(c} Legal, The location o:the finished building should
be related correctly to the houndaries of the site and the
building lines and could be affected by the accuracy of

the survey and/or the setting out.

{d) - Practical. To avoid excessive preduction costs or the
cost of cutting to fit or other such adjustments the
permissible deviations specified should be assessed. for
aesthetic and functional purposes in terms of the practi- .
cability and costs of achieving them. In some cases
rectification of sizes outside specified limits may be
made readily at little cost; in others it may be more
practicable and economic to modify the design so that
its tolerances embrace a larger proportion of what can
be achieved without correction or rejection.
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Co-ordinating size

AToIerénce
20

PD | PD_
: ) : <10 | +10 .
Work size 1180 e ‘ < Deduction

. Permissible deviation—} e

r-

itoo

{al Dimensional tolerances

Tolerance

P . Lo
Permissible deviation -

as specified

Deviation-as measured,”. .’
on site '

Tolerance envelope ' . 1PD T

for cojumn axis

~ Tolerance

Specified position

Actual position ———w

' .
'

{b} Positional 1olerances applied 10 the base of a column on plan

Figure 3. Methods for specifying tolarahcus {see 6.2 and 6,3)
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6.5 Sources of deviations

6.5.1 Types of deviation. DIITIEI'IS;OFIB' deviations are of
two kinds:

{a) inherent !because of the nature of the materials
themselves);
{b) induced {by work done}.

It should be borne in mind during the design stage that
inherent and induced deviations may exist or arise during . -
construction and account should be taken of these when
specifying permissible deviations. Some sources of induced
deviations to be expected under normal conditions are
given in clause 13.

6.5.2 Inherent deviations. lnherent dewatlons are due to
inherent properties of building materials and sonls that
affect sizes and mclude. =

{a) movement of fcundatlons egd. caused by movement
of sub-strata;

{b} deflection under toad both during and on comple- :
tion of construction, excluding designed cambers;

(c) chunges in dimension caused by thermal or mo:sture
variations and irreversible shrlnkage or expansion,

The deviations to be expected in respect of the above are
dependent upon the materials concerned and upon their
environment in and under the structure, .

Consideration should be given to these deviations in design’
since their effects on the construction and its performance .
are potentially significant (see BRE Dlgest No. 75%). These
effects could be large and may not take place until long
after construction has been completed.

6.5.3 Induced dewatrcns

6.5.3.1 Induced deviations are departures from the intended
size due to work done and can be sub-divided into setting
out {including instrument error), manufacturing, assembling
and locating deviations but these can be measured only to
the limits of the measuring instruments and techmques
used,

6.5.3.2 Deviations in setting out can arise in:

(a) the survey and the plotting of the survey on
drawings;

(b} the position and stability of survey stations and
grid line stations;

¢) the establishment of the master bench mark (MBM)
from the Ordnance bench mark (GBM).

The above three items may not affect the f1t of elements
within a building but will affect the position of a whole
building in relation to °ts surroundings.

{d) transference of le\.els from the master bench mark
(MBM] to transferred bench marks {TBM), floor levels
or building elements;

{e) setting out of secondary and/or temporary grid lines
and establishing position for building elements,

6.5.3.3 Deviations in manufacture inctude those in:
{a) size, i.e., dimensions i in three directions {e.g. Iength
width, height; -

{b} shape or form, i.e., squareness bow, twm regularity of
surface or line.

6.5.3.4 Deviations in erection and assembly (errors in
location) include those in:

{a} position in plan:’

{b) verticality;.

(c) Ievel

'BHE Dlgest No. 75 Cracking in bmldlngs HMSO 1970

BS 5606 : 1978

6.5.4 Errors, Common sources of error during design are:

_ {a) plotting surveys on d:mensnonally unsteble
“materials;
(b} transferring data from d:storted paper plans bv
“tracing or scaling;
{c) photopnntmg, enlargmg, etc., causmg scale
distortion; - .
{d) use of calculated or assumed measurements mstead
of actual recorded measurements.

' 66 ‘Accuracy and fit. When components are built in as

work proceeds, satisfactory fit, at leastin terms of matching:
the dimensions of components and spaces, is ‘readily

Iobtamed Satisfactory fit often requires more than this, as
" joints and bearings have dimensional needs that have to be

met if they are to function prcperiy, these are expressed
as permissible limits, - - -

When 'building in' is not practlcab!e the dlmensmnal needs:'”

 of joints and bearmgs can be met with an acceptable

Drobablhty of success only if appropridte desrgn decisians
are taken. These decisions result from an attemptto

‘reconciie the dimensional needs of joints with the
- characteristic accuracy of the type of constructlon
concerned. This reconc:llenon taking into account other
“influences on fit, leads to reasoned decisions ahout the

mtended slzes and the perm issible deviations.

6.7 Imposing permlssnble deviations on characterlstlc
accuracy. The following d:agrams illustrate, in principle, the
nature of characteristic accuracy and some of the effects of.-

) |mposmg permissible deviations upon it:

{a) The distribution of sizes charactenstlc ofa particular
form of construction can be expected to follow the
pattern indicated below. In this example the mean of all -
the achieved sizes has been shown correspondmg wnh
the intended size.

}+—Achieved mean size

Frequency of occurrence

{b) Sometimes the achieved mean size may diff er from
the intencled size in a way that is characteristic of the -
process, This is illustrated below. It'should be ncted that
the distribution has the same size and shape, but shifted
along the horizontal axis. The achieved mean size might
“be smaller ar, as illustrated, iarger than intended.

L—Achicved mean size

b

Characteristic
displacement of
the :mean, &

Frenquerncy of occurrence

L lntéinded size
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{¢) The imposition of permissible deviations corres-
ponding to +3 standard deviations can be illustrated as
follows: :

i

Achieved mean size =
! intended size

T
I3

‘ 0.15% above
0.15% bielow lower PD .

. upper PD |
=350, o

L Intended size . __J

Frequency of occurrence

!
Al

sizes within PD s’

Thus the imposition of permissible deviations corres-
ponding to 3 standard deviations means that virtually
all sizes are acceptable. |f, as in the dianram, there is no
characteristic displacement of the mean then only 0.3 %
of production would be expected to fall outside the
permiesible deviations, and there would be an equal risk
that these would be above the upper permissible deviation
or below the lower permissible deviation.

A}
{d} However, if, for example, there were a characteristic
displacement of the mean of +1 standard deviation in
value, it would have the following effect:

| le—Achieved mean size

2.25% ahove
upper PD

C
L
=4
@
-
s
=
o
o
(-]
o~
[~}
>
o
e
[T
3
g
w

. I . .
L intenced size 1 |

In the case iIIustratgd, 2.25 % of production would be
- expected to be above the upper permissible deviation.

{e) 1f permissible deviations corresponding to 2 stan-
dard deviations were imposed, the effect would be as
follows:

Achieved mean sizes
intended stze

2.25%, above

225%below lower PD upper PD

Frequency of occurrence

Intended size

95.50% of jactual
sizes within PDs

Frequency of occurrence

{f) M, in the previous case, the achieved mean were
displaced by +1 standard deviation, the result would
be as follows:

! l-—Achieved mean ‘size
! .
|

15.B5 % above

0.15% below lower PO _5epnft, 2!50 upper PD

i

|
]
]

Intended size |

(g} If permissible deviations of £1 standard deviation
were imposed, the effect would be as follows:

I"- Achieved mean size=
intended size

: : 15.85% abave
15.85% below lower PD ;'1 IH upper PD

SD.SD /
L e

68.3 %ot actual
bt —— |

Freduency of occurrence

sizes within PD s

{h) If, in the above case, the achieved mean were
displaced by +1 standard deviation, the result would
be as follows:

! l——A:hievad medn size

F

50% above

2.25% below lower PD upper PD

Frequency of occurrence

Intended size

It will be seen from (h) that the imposition of permis-
sible deviations substantially less than the preferred

3 standard deviation value, together with the effects

of displacement of the mean, can result in the rejection
of a substantial proportion of the worw, orin the corres-
ponding increased risk of misfit.

(i} The specification of permissible deviations in itself
does not affect characteristic accuracy. Only if 3 con-
tractor or a manufacturer adopts different technigues

@
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which give rise to a reduced spread of valdes can stnaller  mean and standard deviations given in table 1. When using
. values of chaiacteristic accuracy and a changed charac- these values reference should be made to the corresponding
" teristic distribution of sizes result, For example: data form in ‘appendix Ain arder to identify the dimension
{— Achieved . e Achieveg. 1@ Which any valie s a?plicgbie, e =

i mean-size ' | - mean size” The PD values were obtained by multiplying the measured
: : ! " standard deviations by 3, adding the value of the measured
! ' -+ displacement of the mean {disregarding its sign) and round-
! I ) ing down* to‘the nearest 5 mm except where the PO 50
i M : derived was less than 10 mm. In these cases the values were
i
' .

F

rounded down to the nearest 1 mm,

Frequency of occurrence

N If table 2 does not give a value of permissible deviation for

!
} - o - N
L m L ! a particular item of construction, an estimated value should
~350 . 850 | 25714350 be sought in table 3, If no value is available, this item has
Characteristic - Characteristic . _yet to be measured, A programme of future surveys is given
distribution distribution " in the foreword.

befare changes . after changes 6.8.2 Use of permissible deviations. The risk that the PDs
of method ' of method in table 2 will be exceeded is extremely small if good

. . . building practices are followed since the PDs given may he
(j} The effect of checking COMPONENTS OF CONSIFUCHION *  yakan to embrace both the characteristic displacement of
for compliance with the specified permissible aeviations  the mean from the intended value and approximately +3
and of rejecting those which are not acceptable, is to cut standard deviations of random variability,
off the ‘tails’ of the characteristic distribution as indicated - . . .
below. It does not otherwise change the shape of the For these reasons it is clelarlv an adva_ntager if the PDs given
distribution, and a typical example is given below: n t_anbre 2 can be e.:dopteu. l-iowev:er., if the needs of the

! design (see 6.4) dictate the imposition of smaller PDs then
contractors can estimate the proportion of work which is
unlikely to need correction or rejection as follows:

fe=Achieved mean size

If the PD for the construction concerned (from table 2} is
*x mm then *x/3 is predicted to contain approximately
68 % and *2x/3 is predicted 10 contain approximately
95 % of the expected variability.

A closer estimate can be made using DD 22.

6.8.3 Combining permissible deviations. When deviations
1 for separate attributes (for which permissible deviations are
If such modified distributions are measured and values given in tablle 2) combine_tq influen_ce_a total deviation, the
of characteristic accuracy are calculated, an improvement :c:o'rlrespondlng total permissible daviation can be found as
will appear to have taken piace, Plotting the distribution oflows.

diagram will confirm, however, that the shape of the (a} Obtain the corresponding separate standard

characteristic distribution is unchanged, except that the deviations SD,, SD,, etc. '
extremities have been curtailed,

Frequency of occurrence
F

T
L.-*__'D‘_"_'?‘_’,"-.‘_d__é."fﬁ',,.

(b} Obtain the total standard deviation ‘5’ by squaring

{k} On a particutar project, values of standard deviation each standard deviation value, summing and. finding the -‘:.
.and displacement of the mean are unlikely to coincide square root, Thus: %
exactly V\:'ith the characteristic values of table 1 and both s= SD? + D2, ..
may be either larger or smaller. An example of one ) e .

possible relationship between the two is shown below, (c) Obt_am_zhe total mean ‘M" by add'."g the separate
Thesignificance of the difference is discussed in clause 7. means X, , Xa, etc. from table 1 according to sign.

i (d) Add ™ (disregarding its sign} to 3 §.

1]
Q
E, | : _‘Chmcmimc (e) Then £ {28+ M) is the total permissible deviation.
2 . megan Irom table | NOTE. Where a total permissisle deviation is given in table 2 that
2 l givent value should be used rather than oneo caiculated from its
5 . o v ) constituents,
g S::::f;f,;';,‘,l; Totabia 1/l I f‘::ﬂf:c';rcu,ve €.8.4 Estimated pecmissible deviations. Some parts of
§_ | | buitdings for which estimated values of permissible deviation
2 [ were given in PD 6440 : 19§9 {now withdrawn) were not
" Intended a1z _J = l ! included in the survey of bu.i!d.ing accuracy. Wh'ere these
™1 Particutar parts were not sufficiently similar to measured items,
o — displacerrent estimated values could not be justified for inclusion in
. Particuler mean size _JI af the mean table 2. Estimated values are, therefore, given separately in

table 3. These values in table 3 do not have the statistical

.. o basis that is strictly required for the prediction of fit. This

6.8 Values for permissible deviations should be recognized if these values are used {for example
6.8.1 Derivation. The permissible deviations given in

as approximating to three times the standard deviation} for
table 2 aro based on the measured displacements of the this purpose until measured data become availabie.

*In those cuses where rounding down approaches the § mm value, the % given in 6.8.2 will be reduced.
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7 The use of accuracv data in desngn and
construction :

7.1 Options for desngners and contractors Flgures 4 and 5

indicate schematically how designers and .contractors can
“draw on the data given in this code so that improved
‘account of accuracy can be taken at the deslgn and con- '

struction stages of the build: ing process. The diagrams are -

not intended to imply any changes in tradltlonal contractual o

responsmlllties

-The measured data prowded in thIS code (see append|x A a

for measurement methods) were abtained from alarge - . |
" number of sites in order to be representative, Ona particular
" site the accuracy "distribution will commonly prove to be:
smaller, and PDs taken from table 2 are usually less llkely

to be exceeded The | mean of the accuracy distributionona

particular site may be smaller or larger than the general

mean (see 6.7(k}). Even if all the items of a given kind on’
. that site are within the PDs from table 2, this difference
from the general mean for such items may sometimes -
‘affect fit.-

Suppose that’ th'e accuracy distribution fora particular ‘
batch of items on site is like the smaller distribution curve
in 6.7{k}. The mean of that distribution is {in that example) .
larger than the mean for all such items. Whan several items
" are used together {e.g. as z run’ of cladding panelsina
structural bay), their combined length will be greater than
that predicted from general data. This will become appar-
‘ent only at a time subsequent to design. However, when
thls kind of probiem begins to become apparent on site it
may sometimes be possible to make an approprrate change
in a designed dimension, for example the work size of
cladding panels, and so avoid further m|sf|tt|ng in "
subsequent similar work. .

A pradicted risk does not necessarily imply rejection, since -

it will commonly be possible to carrect, to implement a
‘stand-by’ design or to achieve a satisfactory 'on site” solu-
tion. An example of a ‘stand- -by’ design could be the
specification of wider gaskets far use in constructad jOIﬂtS
with widths greater than that permrtted for the normal
joint, '

In order to match the desngner 5 assumptlons the methods
and care usxd by contractors should be such as to produce
characteristic ' acouracy,

Reference is made in figures 4 and 5 to |mproved tech-.
niques’. Sometimes it may be possible to use construction
technigues and methods of workmg that are expected to.
produce a smaller distribution of accuracy, Usually, there
will be additional costs associated with them. Care should
be taken that an adopted technique does not, while
reducing the distribution of accuracy, introduce a displace-
ment of the achieved mean, The use of constructlon 1|gs
for example may have thls effect,

BS 5606 : 1978,
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7. 2 Beneflts from usmg accuracy data Some advantages of L

the recommended procedures are as follcws

(a) For the des:gner . o
(1) Hecan predict the probabfe effect of maccuracy :
" on crmcal dmeps:ons and compare it with the toler-
ance imposed bu the requirements ot a design detail
“for satlsfactory functlonlng, he can assess alternatwe o
desrgnsolumns e C

'The Ilkehhood of srgnl.lcant conflict betWeen toler-
“ance and i rnaccuracy can be minimized. ‘

(’7) He can conmder what action will be needed
when permrss:ble deviations are exceeded and .
whether a ‘stand-by* design or modlflcatlon should
be provided for such cases;

The likelihood that unsatlsfactory expedients will
be adopted can be mtnlmlzed

For the contractor
. {1)., He ean compare specrfled to!erances and
pred|cted accuracy when tendermg 3

. The I|kelrhood that there WI" be unforeseen prob-
) Iems of meeting tolerance r requrrements is minimized,

‘ (2) He can adopt specified courses of action when
. permissible deviations are exceeded.

“The likelihood that he will need to ha!t construcnon
 while an acceptable solutron is worked out is
‘ mrnlm:zed ‘

For the component manafact"urer
. {1) He'can note the accuracy associated with the
- construction wnhm whlch his components will be
used, .

The, Ilkellhood that he W|II choose |napproprlate
sizes and joints for his product is rn|n|m|zed

Fortheclient’ .

{1) He can expect that his buddmg W|I[ not contain

parts that are visually or functionaily impaired as a
result of unacceptably inaccurate construction or of
unsatlsfactory extempore solutrons to prob!ems of
inaccuracy.

- The hkelrhood that the buddlng orits jomts will be
defective is minimized.
(2) Hecan expect that reduction both of
construction _problems and of assomated delays
wilt benefit him |nd|rectly

" The llkehhood that the building W|H be completed
Iate and at additional cost |s mlnlmlzed
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