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Foreword
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national standardls bodies (ISO member bodies). The work of preparing International
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the right to be fepresented on that committee. International organizations, govern-
mental and non-governmental, in liaison with ISO, also take part in the work.

Draft Internatiorfal Standards adopted by the technical committees are circulated to
the member bodles for approval before their acceptance as International Standards by
the ISO Council] They are approved in accordance with ISO procedures requiring.at
least 75 % appr¢val by the member bodies voting.

International Standard 1SO 3443/4 was prepared by Technical Committee ISO/TC 59,
Building construction.

Users should note that all International Standards undergo revision from time to time
and that any reference made herein to any other International ‘Standard implies its
latest edition, urnless otherwise stated.
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INTERNATIONAL STANDARD

1SO 3443/4-1986 (E)

Tolerances for building —

Part 4 : Method for predicting deviations of assemblies
and for allocation of tolerances

0 Introduction

This part] of ISO 3443 forms one of a series concerning
toleranceg for building and building components.

It should be read in conjunction with 1ISO 3443/1, ISO 3443/2,
ISO 180341 and ISO 1803/2.

Parts 3 and 4 of ISO 3443 have been produced to meet the need
for inter{ationally agreed methods of relating accuracy,

tolerances and fit in the determination of sizes for components
and construction (and, in I1SO 3443/4, joints). Two distinct
needs are|identified, though both share common ground.

There is thus a need to provide generally applicable expressions
relating ag¢curacy, tolerances and fit, that can be drawn upon,
either :

a) to| identify optimum target sizes for standard com-
ponents, where each type of component has a variety’of
applictions, or

b) to| identify appropriate limits of size for /components,
whethpr standard or not, for application in”a specific
building.

Both needis can be met by expression ¢f substantially the same
relationshjps between the factors affecting fit, and in principle
either stapdard might be pressed-into service to meet either
aim. In practice, however, each\is structured to serve its par-
ticular putpose.

Joints in|more than_one dimension are however only con-
sidered in| this part-of JSO 3443.

Part 3 of I50.3443 is structured to meet the aims in a) above. It
provides procedures for selecting target sizes (formerly ‘‘work
sizes”) f ; WOTKS, SU joi
clearances will be within their required limits with a known pro-
bability of success.! The procedures deal with the relationship
between the following factors:

1) accuracy of components and in situ work;
2) sizes of components and /n situ work;

3) joint clearances;

4) probability of fit;

and they can be used whether 2), 3) or 4)\abovelis the unknown
to be calculated. The procedures assume thdt values for 1)
above have been established by measuremept surveys and
relate target sizes to co-ordinating-sizes using the concepts of
"extension’’ and ““deduction’’see 4.4 and 4.5

The procedures also enable a target size to bé calculated for
any standard componént, such that the comppnent will have
an optimal probability of fit in all its applications.

Worked examples are given in annex B.

ISO 3443/4 is structured to meet the needs in b) above. It is
therefore ‘concerned primarily with the design|of buildings in
which-components (including standard compoants) are used,

and’is aimed primarily at building designers who, as engineers,
can be expected to be mathematically and stat|stically compe-
tent. It is to meet these aims that this part of [ISO 3443 deals
with
— methods for predicting deviations @nd specifying
tolerances to obtain a particular desired tota| accuracy in an
assembly,

— the effect of specified tolerances on| expected size
variability,

— the basis for optimization of tolerances for each par-
ticular assembly and its elements.

1SO 3443/4 presupposes calculations only for assemblies with

elements of one dimension, such as beams arj
the sake of simplicity. However, tables for com
elements of two and three dimensions (panels

d columns, for
mon cases with
etc.) are given

in the annex.

1 Scope

hciples and one
e systems and
specifying tolerances for the constituent elements in order to
meet functional requirements and tolerance specifications for
the assembly.

This part of ISO 3443 indicates some general pri

2 Field of application

This part of ISO 3443 applies to tolerances and deviations in all
kind of assemblies and other systems composed of elements,
within the building industry.

1) 1S0 3443/3 deals with accuracy in terms of target size and limits of size (e.g. upper and lower limits of component size). Alternatively, accuracy
can be defined in terms of permitted deviations in relation to a reference size — usually identical with the target size. See ISO 1803/1.
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3 References

1SO 1791, Modular co-ordination — Vocabulary.

1SO 1803/1, Building construction —  Tolerances —
Vocabulary — Part 1: General terms.
1SO 1803/2, Building construction — Tolerances —

Vocabulary — Part 2: Derived terms.")

IS0 3443/1, Tolerances for building — Part 1: Basic principles
for evaluation and specification.

ISO 3443/2, Tolerances for building — Part 2: Statistical basis

As seen in the examples below, the normal values for K ;are

1 1
+1, -1, + —and — —.
273

The actual deviation V from the reference size is then given by :

V= iKiVi )

i=1

for predicting fit between components having a normal
distribution of siges.

ISO 3443/3, Tol¢rances for building — Part 3 : Procedures for
selecting target $ize and predicting fit.!

ISO 3443/7, Tolerances for building — Part 7.: General prin-
ciples for approural criteria, control of conformity with dimen-
sional tolerancq specifications and statistical control —
Method 2."

ISO 4464, Tolerances for building — Relationship between the
different types df deviations and tolerances used for specifi-
cation.

4 Definitions

For the purpose of this part of ISO 3443, the definitions given in
1ISO 1791 and ISP 1803/1 apply with the following additions.

4.1 reference|size : Size specified in the design, to which
deviations and t¢lerances are related.

NOTES
1 For the purposps of the calculations in this part of 1SO 3443, the
upper and lower pg¢rmitted deviations are assumed to be equal. Where
this is not so, the nean of the upper and lower limits of size should be
taken as the refergdnce size.

2 The term ‘‘targpt size”’, as defined in ISO 1803/1, is«a.special case
of reference size|which normally coincides with (the “concept of
reference sizes as lised in this International Standard.

4.2 constituent element in an assembly : Any compo-
nent, joint, space or set-out distance; ‘etc., which contributes
to the observed dimension of the assembly.

NOTE — ‘“Constityent element’’ is sgmetimes shortened to “‘element”’
in the text.

5 Propagatjon<of deviations in an assembly
or other cor?posite system

where
K, is the same coefficient from equation (1);
V; s the actual deviation from the reference size|B,.
Example 1 :

Figure 1 shows an assembly.of components erected from the
set-out line L with given¢joint widths to a previously erected
component C.

B=-B <By- By~ B,— By — By + B,
Ve S = V= V= V= Vo= Vg + V,
Example 2 :

If the last component is positioned with the intention| of being
symmetrical in the remaining space, we have the situation in
figure 2.

Now element number 5 represents the departure from sym-
metry and therefore

By = 0, but Vg # 0.

B=-B, -B,-B,- B, - B, - B~ B + B,
or
1 1 1 1 1 1 1
B=-—B -—B ——B,——B,——0-—B.t+ —B
2123223324202627
1 1 1 1 1 1] 1
V = —EV1'——2‘V2—EV3‘-'2—V4—EV5-‘EV3+—2-V7

The reference size B for a given element in an assembly is
expressed generally in relation to the other elements in the
assembly :

B =K, B, +K,By+ ...

n
+ KB, = Y KB, )

i=1

+K,.Bi+...

where
B,. is the reference size of element number i;

K; s a coefficient determined from the geometry of the
assembly and the method of erection.

1) At present at the stage of draft.

When the actual deviations are not known, either because they
are not measured or because the components have not yet
been produced, the deviations are treated as probability
distributions.

If V; is distributed with the expected (mean) value y; and the

standard deviation o it the respective parameters of the distribu-
tion of V are given by :

u = zn:Ki,ui ... (3)

i=1
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and When negative joints are not possible, equations (3} and (4) are not
strictly correct. This situation is, however, not congidered further in
n this part of 1SQ 2442,
2 _ KV 2 A ¥
o° = | (K.,0) 4)
= Lot _ ) N L . Lo ~ o .
=1 Equations (1) to (4a) are only strictly correct for assemblies with
components in one dimension (for instance Heams and col-
when all feviations are independent (mGtually uncorrelated! umns) where form and annulnr deviations of thd adiacent faces
LA ARV " Ll INJT b UVGI AL (diuLuan uIIUUIUUIGLGul, AR RLE LS ) L A L WVIMLIVIIO VI Uiy Gyjuavvi il iavueo
or can be regarded as ms:amflcant for the vafiability of the
assembiy. Formuiae for components in two and three dimen-
2 ” ainne [fAar inctannn wall anAd flanr namnananta) hra Alvan in tha
rn T QIVIIO {1V HIowalivo vvail ariu nivui UUIIIPUI 1ICIHIW)] I T 5|vcll nit uIc
I un
a2 — NN s (2 (AA) annex
v ! ! \l\"\lil E’H\.l\iuil \=a)
=1/j=1v v e 1~ 2.
CXaitipie o .
when somje or all deviations are mutually correlated _
The parameters from example 1 are
In equatioh (4a), g is the coefficient between the deviations of
[ R— — — — -— — £ s
elements Tumber rand j. H= =l = My = Hg = By = Hg — Hg T iy
The co.rre!n [a}
this
nts produced in 1 1 1
merent moulds will - — U, — — Us + — U
274 276 2 77
- . 1 1 1
Wnerez=/g is aiways 1. g2 = — = + —ag2 4
Ie; 21t 7%t 793
NOTE — Negative correlation may also occur, for instance when the
erection crew increases the joint widths slightly to compensate for + l a2 + l a2 + _1_ 2 4 l 2
undersized components. 4 4 4 3 4 ° 4 "/

W
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Example 4 :

If the deviations of the width of the components are all equally
distributed with the same parameters 4 and g, and the devia-
tions of the intended joint width during erection are all distributed

with the same parameters K, and o;, we have from example 1 :
Uy = Uz = Ug = Hj

Uy = Uy = Ug = H.

production will have such a stable offset from the reference size
that this could be predicted and taken into account many

months ahead of the actual occurrence.

Otherwise, if such prediction is possible, the reference size is
adjusted accordingly to obtain u; = 0. This can be done either
by specifying the dimension B, — y; to the producer or by
substituting the value for reference size in equations by the

value B; + u;.

As a consequence equation (3) is nullified.

0'1 = 0'3 = JT= ﬂj
g, =0, = 0 = G,
o= =3u; 13U, + Hy
2 _ 342 2 2
a—3¢7j+3ac+a7 ... ()
and from example 2 :
Uy = Uz = Wi
Hy = Uy = Us = U
g, =03=4d
g, = g, = d = q,
_ 1
H = ‘ﬂj—iﬂc“'ziﬁ
1 3 1 1
2 42402 224 L
o* = 50 4a§+405+4a§ ... (6)
The calculations|above are under the assumption of no mutual
correlation.
Example 5 :

If components n
might assume a
two elements. In

tion, two mo
. equation (4a), o
andj = 2,

Equation (5) is 1

o? = 30}2.+

Limber 2 and 6 come from the same mould, we
correlation coefficient equal to_1)between these
the expressions above far the standard devia-
e terms will be ineluded according to

he for i = 2 and j &-6'and another for i = 6

and equation (6

6.2 Estimating the standard deviation,of t
elements

The standard deviations of the elements ‘can be estim
previous measurements of the same.kind of element

conditions are reasonably invariant:

By specification of tolerances-for the deviations and in

ted from
if all the

roducing

information on the future’deviations can be obtaine

d

from the

an acceptance/rejection ‘procedure for the element1 reliable

fact that it is not expéedient for any manufacturer or o)

have an appreciable.probability of rejection of his work.

The supplier will therefore intend to keep the percs
defective-glements (units) in the production below th
which'the inspection procedure permits (see also I1SO|
So.a reasonable estimate of o; which tends to be on
(higher) side can be determined under the assumptio
mal distribution such that A per cent of the elements
deviations outside the specified tolerance. This is ¢
mathematically :

A _, T,
100 ~ 2725
where

F is the cumulative normal distribution function

T; s the tolerance specified for element i.

erator to

ntage of
b value A
3443/7).
the safe
n of nor-
will have
xpressed

A7)

T.
It is seen that for a given A the ratio 2—' is constant, puch that
g.

1

Ti = 2tiai

. (8)

Table 1 — Values of ¢
as a function of 4

1 3 1 1 1 1
2 12422, g2y o LI L
a—2c-;j+4:7C+4cf5+40§+4c7c+40'c
1 5 1 1
e L2+ 22— 24— g2
—20J+4ac+4a5+4a7

6 Prediction of future deviations at the time
of design

6.1 Expected value estimated to zero

At the time of design y; is supposed to be equal to zero, as
there generally is no reason to believe that the said operation or

A
% t
0,26 3
1,24 2,5
4 2,05
6,5 1,85
10 1,65

6.3 Estimating the correlation coefficients

Elements which have different origins, e.g. components made
by different manufacturers, or operations performed by different
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operators are always non-correlated (see however the note to
clause 5). The correlation coefficient is accordingly zero.
Elements which derive from the same mould or from another
process with very little random variation compared to the
tolerance for the elements have very high mutual correlation.
The correlation coefficient might therefore, if no further infor-
mation is available, be estimated to be 1.

For elements which may be expected to be partly correlated,
the correlation coefficient must be estimated from previous
measurements or the calculations may be carried out twice,
with an ufper and a lower guess of the correlation coerficients,
to find a reasonable interval of variation for the result.

6.4 Estjmating the parameters of the variability
of an assembly

The expedted value 4 is zero according to 6.1 and equation (3).

The standard deviation to be expected is calculated by equa-
tions (4) dnd (4a) from the estimated standard deviations and
correlation coefficients of the constituent elements.

If all elemgnts in the assembly are inspected with such sampling

plans that permit the same percentage of defective elements,
A, the stgndard deviation of the assembly is estimated as

2 1 2y 2
o = (5 Z(KI.T,.)

i=1

(uncorrelated case)
... (9)

2

1 n n
2 — [—
o2 = 2t> Y Y KT e, (KT

i=1j=1

(correlated case)
... (9a)

where t is|the common value for L.

The deviation of the assembly will-in-general with a probability
of less thgn A %, A % commenfor the inspection procedures
for the eldments, surpass a,symmetrical tolerance T given by

n
2 — 2
2= Y KT
j =1

(uncorrelated case)
... (10)

n

ISO 3443/4-1986 (E)

where

t, and t are the proportional constants valid for the
assembly and the elements respectively, as shown in equa-

tions (8) and (9);

T is the tolerance derived from equations (10) or (10a).

6.5 Components with more than one dimension

re components
where the deviations in form and orientation;of adjacent faces
are significant for the variability of the assembly.

Assemblies with such components are treated iff fundamentally -
the same way as for one dimension, but the falculations are
more complicated. This part of.1SO 3443 ddes not provide
calculations for more than one dimension, but the user will for
many common cases in practical work find the pecessary infor-
mation and formulae in-the annex.

The general conditions for the formulae are :
a) no_rautual correlation;
b) Jallpy; = 0;

¢) common probability of exceeding the tdlerances for the
components and the assembly.

If the deviations are expressed in terms accordipg to ISO 4464,
the standard deviation g, of the distributed building deviation of
components / can in general be expressed as :

0.12 - aimazzm + aisa—’Zs + aieazze ... (12a)
where

02 = @ 0hy t G O O -+ (12b)

Utzs = aisdazzsd + aisoalzso <« {12

azze = aiedatged + aieoatzeo ... (12d)

The indices mean :

: manufacturing

: setting out

(correlated case)

2
T ... (10a)

by i(KiTi) 0; (K,T)

i=1j=1
Equation (10) is the basis for the formulae in the annex.
Equation (8) is also valid for the assembly : T = 2¢a0.
If the A-value, or the acceptable probability of exceeding the
tolerance limits, is chosen as different for the assembly than

that common for the elements, the tolerance T, for the
assembly shall be adjusted as follows :

T oo

: dimension and position

m
s

e : erection
d

0 : orientation
f

: form

The coefficients a in equations (12a) to (12d) are zero for non-
relevant constituent deviations such as erection deviation for
an element assigned to the width of a component.

If the tolerance for the assembly is met with a probability other
than that for the constituent elements, this can be taken into
account analogous to equation (11) :
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7 Allocation of tolerances" b) Estimating the distribution of deviations of the elements
and the assembly, which will be present at the time of con-

The vériability of the assembly is normally restricted by struction. (See clause 6.)

tolerance specifications 7, or by functional demands which can c) Comparison of the required tolerances, T,, for the
also be expressed as tolerance specifications. assembly with the above estimated deviation or tolerance
which can be achieved with the chosen technique, T.

For practical reasons, it must be expected that T, will be

exceeded and this must be accepted to a certain degree. This If T > T, one or more of the following actions may be taken :

may be specified as the percentage probability of exceeding a) use another jointing technique whereby a larger func-

which is acceptable. tional range of the assembly is established, e.g. use a
sealant-with-greater-movement-capacity:

The reference sfze of the assembly should always be chosen b) specify smaller tolerances for some of the ednstituent

such that T, is gymmetrical. This gives, with an assumption of elements in the assembly. This will normallyraise [the price

normal distributfon, the minimum probability of exceeding T, of these elements and often demand a change of njaterial or

with a given set of tolerances T, for the elements in the production technology;

assembly. The t¢lerances for the assembly and its elements are
to be optimized s far as possible to minimize the total costs for
compliance with the tolerances, for control of the tolerances
and for exceedir]g the tolerances with a certain probability.

tions are piled up from fewer elements. This requifes a new

c) change the method of erection t6 one where ]76 devia-
i
equation for the propagationof deviations in the gssembly;

d) accept the larger probability of misfit.

This optimization process is called the allocation of tolerances, If T < T actions acting-in the opposite direction to g) and b)
. . . . n
and is an iterative 3-step process : may possibly be takeR to decrease the total costs.
a) Establishjng the mathematical connection between the The optimal solution is normally not achievable due {o lack of
deviation or folerances of the assembly and the deviations information about some of the economic factors, but the use of
or tolerancesl of its constituent elements. (For propagation best guesses in such places will in most cases| lead to
of deviation, |see clause 5.) reasonably good solutions.

1)  When including effects of inherent (time-dependent) deviations, which can be appropriate where components have one or more dimensions
exceeding 2 m, the accuracy analysis should generally be done at both assembly and service stages. The resulting accuracy characteristics are then
determined on the basis of calculation at both stages.
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Annex

Calculation procedure and tables for some common cases

with one-, two- and three-dimensional joints

(This annex does not form an integral part of the Standard.)

A.1 Calculation procedure

The calcylation procedure is as follows :

a) dg

btermine the method of erection, number of components, etc., and the respective code number from tab)

b) calculate the reference size for F, B, from the general formula in A.3 and table 2;

c) ca

A.2 General formula for F

Generally]

T

F can be
method g

e

the following formula applies

1 1
—Z—TF<F<BF+§TF

the actual margin or actual joint clearance;

i the “‘symmetrical reference size”” (mean of the upper and [6wer limits of size) for F;

s i$ the tolerance for F.

of four different natures in this part of ISO 3443, depending on whether it concerns a margin or joint clear:
f erection (see figure 3).

T 1

e1;

Iculate the tolerance which can be achieved, or variability of F, T, from the general formula in A.4 and table 3 or 4.

hnce and on the

i

|

|

|

]
O

e

O-—————t
O

L]
3N
EL]
wh

SN

Figure 3 — Different kinds of F
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From figure 3 :

F, is the margin, i.e. distance between component and set-out modular line. If a component is centred between two modular
lines, F, is applied for both sides of the component. If there are several components inside the modular space, F|, is applied for the
margin between the set-out modular line and the first erected component;

F_, s the joint clearance between components inside one modular space;

F, is the margin between a set-out modular line and the last erected component when there are several components inside the
modular space;

F, is the joirtctearancebetweerrcomponentserected-mdeperdertly of eachrother omreactrside-ofa modutartine;
Subscripts 1 ind 2 denote the adjacent components;

N is the nufnber of similar components in the modular space.

A.3 Calculgtion of By (i.e. By, By, By and Bg,)

Generally, the following formula applies
BF = f(r' j’  mor amf)
where
r is the ded{iction;
j is the theoretical joint clearance (intended);
G, IS the standard deviation for manufacturing, angular deviation;
O is the standard deviation for manufacturing, form deviation.
Normally only one of the parameters is relevant, but in somé cases there will be up to three relevant parameters.
Table 2 shows the different methods of erection.

Table 3 gives th¢ formula for the different B, for different methods of erection.

A.4 Calculgtion of T (i.e. T Ty, Tr and Tp)
Ty is calculated according to the general formula
T2 = a, T2 |+ a,T? + oiT2+ X*
T, T,and T, afe calculated according to the following formulae [see also equation (11)]

2 2 2 2
Tm - arndTn d * amono + amemf

2 2 2
Ts - asded + asoTso
2 — 2 2
Te - aedTed + aeoTeo
In all one-dimensional cases, a, , = Ay = a4 = landa, = a = a, = 0.

The factors a, a, and a, for the one-dimensional cases are given in table 4.

In all two- and three-dimensional cases, Ay = Aoy = 1,2and a,, = a,, = 0,6. Furthermore it is to be noted that in the three-

dimensional cases, T?no = Tr2n01 + T?noZ and T, . is applicable to straightness in the two-dimensional cases and to flatness in the
three-dimensional cases. The other factors a and the term X are given in table 4.

* In only four cases is this additional term necessary.


https://standardsiso.com/api/?name=b8607c3c99fc64e8a550241782b0e3c0

