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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bedies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch member 
body interested in a subject for which a technical committee has been established has 
the right to be represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. 

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

International Standard ISO 3443/4 was prepared by Technical Committee ISO/TC 59, 
Building cons truc tion. 

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, unless otherwise stated. 

0 International Organkation for Standardkation, 1986 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 3443/4-1986 (E) 

Tolerantes for building - 
art 4 : Method for predicting deviations of assemblies 

and for allocation of tolerantes 

0 lntroduction 

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

lt should be read in conjunction with ISO 344311, ISO 3443/2, 
ISO 1803/1 and ISO 1803/2. 

Parts 3 and 4 of ISO 3443 have been produced to meet the need 
for internationally agreed methods of relating accuracy, 
tolerantes and fit in the determination of sizes for components 
and construction (and, in ISO 3443/4, joints). Two distinct 
needs are identified, though both share common ground. 

There is thus a need to provide generally applicable expressions 
relating accuracy, tolerantes and fit, that tan be drawn upon, 
either : 

a) to identify Optimum target sizes for Standard com- 
ponents, where each type of component has a variety of 
applications, or 

b) to identify appropriate limits of size for components, 
whether Standard or not, for application in a specific 
building. 

Both needs tan be met by expression of substantially the same 
relationships between the factors affecting fit, and in principle 
either Standard might be pressed into Service to meet either 
aim. In practice, however, each is structured to serve its par- 
ticular purpose. 

Joints in more than one dimension are however only con- 
sidered ip this part of ISO 3443. 

Part 3 of ISO 3443 is structured to meet the aims in a) above. lt 
provides procedures for selecting target sizes (formerly “work 
sizes”) for components, or in situ works, such that joint 
clearances will be within their required limits with a known pro- 
bability of success. l) The procedures deal with the relationship 
between the following factors : 

1) accuracy of components and in situ work; 

2) sizes of components and in situ work; 

3) joint clearances; 

4) probability of fit; 

and they tan be used whether 2), 3) or 4) above is the unknown 
to be calculated. The procedures assume that values for 1) 
above have been established by measurement 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 be calculated for 
any Standard component, such that the component 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. lt is. 
therefore concerned primarily with the design of buildings in 
which components (including Standard components) are used, 
and is aimed primarily at building designers who, as engineers, 
tan be expected to be mathematically and statistically compe- 
tent. lt is to meet these aims that this patt of ISO 3443 deals 
with 

- methods for predicting deviations and specifying 
tolerantes to obtain a particular desired total accuracy in an 
assembly, 
- the eff ect of specified tolerantes on .expected size 
variability, 
- the basis for optimization of tolerantes for each par- 
ticular assembly and its elements. 

ISO 3443/4 presupposes calculations only for assemblies with 
elements of one dimension, such as beams and columns, for 
the sake of simplicity. However, tables for common cases with 
elements of two and three dimensions (Panels, etc.) are given 
in the annex. 

1 Scope 

This part of ISO 3443 indicates some general principles and one 
method for predicting deviations in composite Systems and 
specifying tolerantes for the constituent elements in Order to 
meet functional requirements and tolerante specifications for 
the assembly. 

2 Field of application 

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

1) ISO 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 
tan 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 As seen in the examples below, the normal values for Ki are 

+ 1, -1, + 
1 1 

2 and - ?. ISO 1791, Modular Co-Ordination - Vocabulary. 

ISO 1803/1, Building construction - 
Vocabulary - Part 7: General terms. 

Tolerantes - 

The actual deviation Vfrom the reference size is then given by : 
ISO 180312, Building construction - Tolerantes - 
Vocabulary - Part 2: Derived terms. 1 1 

(2) ISO 344311, Tolerantes for building - Part 7: Basic principles 
for evaluation and specification. 

ISO 344312, Tolerantes for building - Part 2: Statistical basis 
for predicting fit between components having a normal 
dis tribu tion o f sizes. 

Ki is the same coefficient from equation (1); ISO 344313, Tolerantes for building - Part 3 : 
selecting target size and predic ting fit. 1 ) 

Procedures for 

Vi is the actual deviation from the reference size Bi. 
ISO 344317, Tolerantes for building - Part 7.: General prin- 
ciples for approval criteria, control of conformity with dimen- 
sional tolerante specifica tions and s ta tis tical con trol - 
Method 2.‘) 

Example 7 : 

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

ISO 4464, Tolerantes for building - Relationship between the 
different types of deviations and tolerantes used for specifi- 

B = - B, - B2 - BS - B, - B, - BS + B7 
4 Definitions 

v = - v, - vz - Vi - Vd - VS - VG + v, 
For the purpose of this part of ISO 3443, the definitions given in 
ISO 1791 and ISO 1803/1 apply with the following additions. 

ExampJe 2 : 
4.1 reference size : Size specified 
deviations and tolerantes are related. 

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

NOTES 
1 For the purposes of the calculations in this part of ISO 3443, the 
upper and lower permitted deviations are assumed to be equal. Where 
this is not so, the mean of the upper and lower limits of size should be 
taken as the reference size. 

Now element number 
metry and therefore 

5 represents departure from sym- 

2 The term “target size”, as defined in ISO 1803/1, is a special case 
of reference size which normally coincides with the concept of 
reference sizes as used in this International Standard. 

B, = 0, but VS # 0. 

B = - B, - B2 - B, - B4 - B, - B - B, + B7 
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. 

1 1 1 1 1 1 1 
B = -yB,-2B2-TB3-2B4-20-2B6+2B7 NOTE - “Constituent element” 

in the text. 
is sometimes shortened to “element” 

1 1 1 1 1 
v= -~v,-p~-p3-~v4-2v5 

1 1 
- 2 I/s + 2 v7 5 Propagation of deviations in an assembly 

or other composite System 
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. 

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, + K2 B2 + . . . 
n 

+ KiBi + l . . + KnB, = 
c 

KiBi 9 9 ’ ‘1’ 
If Vi is distributed with the expected (mean) value cli and the 
Standard deviation ai, the respective Parameters of the distribu- 
tion of V are given by : 

where *,. . 
i=l 

Bi is the reference size of element number i; n 

P = 
c 

KiPi 

i=l 

. . . (3) Ki is a coefficient determined from 
assembly and the method of erection. 

the geometry of the 

1) At present at the Stage of draft. 
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Figure 1 - Illustration of example 1 

Figure 2 - Illustration of example 2 

and 

n 

cT* = 
c 

(KiOi)* m . . (4) 

i=l 

when all deviations are independent (mutually uncorrelated), 
or : 

n n 

,* = 
cc 

(Kioi) e,(Kjaj) . . . (44 

i=l j=l 

when some or all deviations are mutually correlated. 

In equation (4a), e.ij is the coefficient between the deviations of 
elements number z and j. 

The correlation coefficient will within the field of application of 
this part of ISO 3443 normally be a number between 0 and 1. 

When eij = 0, the deviations of elements number i and j are 
almost rndependent while ,Q. = 1 means that these deviations 
will always be nearly equal or proportional. Mlutual correlation 
is typical for, for instance, concrete components produced in 
the same mould, while those produced in different moulds will 
normally have very little correlation. 

Where i = j, @, is always 1. 

NOTE - Negative correiation may also occur, for instance when the 
erection crew increases the joint widths slightly to compensate for 
undersized components. 

When negative joints are not possibie, equations (3) and (4) are not 
strictly correct. This Situation is, however, not considered further in 
this part of ISO 3443. 

Equations (1) to (4a) are only strictly correct for assemblies with 
components in one dimension (for instance beams and col- 
umns) where form and angular deviations of the adjacent faces 
tan be regarded as insignificant for the variability of the 
assembly. Formulae for components in two and three dimen- 
sions (for instance wall and floor components) are given in the 
annex. 

Example 3 : 

The Parameters from example 1 are : 

P =-- k+ - p2 - fl3 - 1L14 - p5 - p6 + p7 

a2 5 0: + 0; + 0; + 0: + 0; + 4 + 0; 

The corresponding Parameters from example 2 are : 

1 1 1 
p=-- TP, - 2 P* - 2 P3 - 

1 1 1 
- 2 iu4 - 2 /+j + T p7 
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Example 4 : production will have such a stable offset from the reference size 

If the deviations of the width of the components are all equally 
distributed with the same Parameters ,uC and a, and the devia- 
tions of the intended joint width during erection are all distributed 
with the same Parameters ,uj and aj, we have from example 1 : 

PJ = P3 = 1115 = Pj 

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 ,ui = 0. This tan be done either 
by specifying the dimension Bi - ,ui to the Producer or by 
substituting the value for reference size in equations by the 

1112 = P4 = 4j = pc 
value Bi + Iui. 

U, = a3 = 05 = Uj 
As a consequence equation (3) is nullified. 

02 = 0-4 = 06 = a, 

P - 3Pj -w, + 1u7 = 

u* = 30; + 30: + u; 

and from example 2 : 

6.2 Estimating the Standard deviation of the 
elements 

. . . (51 The Standard deviations of the elements tan be estimated from 
previous measurements of the same kind of elements if all the 
conditions are reasonably invariant. 

By specification of tolerantes for the deviations and introducing 
an acceptance/rejection procedure for the elements, reliable 
information on the future deviations tan be obtained from the 
fact that it is not expedient for any manufacturer or Operator to 
have an appreciable probability of rejection of his work. 

p2 = p4 = 153 = & 

U, = a3 = Uj 

02 = 04 = 06 = oc 
The supplier will therefore intend to keep the percentage of 
defective elements (units) in the production below the value A 
which the inspection procedure permits (sec also ISO 3443/7). 
So a reasonable estimate of cri which tends to be on the safe 
(higher) side tan be determined under the assumption of nor- 
mal distribution such that A per cent of the elements will have 
deviations outside the specified tolerante. This is expressed 
mathematically : 

3 1 

P = - 
Pj - j- 4 + 5 p7 

u* 1, 3212 l2 = T uj + 4 ac + 4 us + 4 07 . m . (6) 

The calculations 
correlation. 

the assumption of no mutual 

A 
-= . . m 
100 

(71 Example 5 : 

If components number 2 and 6 come from the same mould, we 
might assume a correlation coefficient equal to 1 between these 
two elements. In the expressions above for the Standard devia- 
tion, two more terms will be included according to 

. equation (4a), one for i = 2 and j = 6 and another for i = 6 
and j = 2. 

F is the cumulative normal distribution function; 

is the tolerante specified for element i. 

T. 
lt is seen that for a given A the ratio --!- is 

2Ui 
Equation (5) is now constant, such that 

u* = 3”i’ + 30; + 0; + UZ + UZ = 30; + 50: + 0; 

Ti = 2tiai . . . (8) 
and equation (6) 

Table 1 - Values of t 
as a function of A u* 12 32 12 l2 -l 1 

=Tuj+4u~+~u5+~u7~4 - a; + - a: 
4 

12 52 12 l2 = T uj + 4 oc + 4 a5 + 4 07 
I Ir24 I 2,5 I 

6 Prediction of future deviations at the time 
of design 

6.3 Estimating the correlation coefficients 61 . Expected value estimated to zero 

Elements which have differen t origins, e .g. components made 
by different man ufacturers, or operations performed by different 

At the time of design iui 
there genera IlY is no reaso 

supposed to be equal to zero, as 
to believe that the said Operation or 
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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 
tolerante 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 upper and a lower guess of the correlation coefficients, 
to find a reasonable interval of Variation for the result. 

6.4 Estimating 
of an assembly 

the Parameters of the variability 

The expected value ,u is zero according to 6.1 and equation (3). 

The Standard deviation to be expected is calculated by equa- 
tions (4) and Ma) from the estimat,ed Standard deviations and 
correlation coefficients of the constituent elements. 

If all elements in the assembly are inspected with such sampling 
Plans that permit the same percentage of defective elements, 
A, the Standard deviation of the assembly is estimated as 

u* 
1 * n 

(P 
(KiTi,* 

(uncorrelated case) 
=-z . . . (9) 

i=l 

where t is the common value for ti. 

The deviation of the assembly wi II in general with a probabi lity 
of less than A %,A % common for the inspection procedu res 
for the elements, surpass a symmetrical tolerante T given by 

T* 

T* 

n 

= 
c 

CKiT~* 

i=l 

n n 

= 
cc 

(Kir.) e, 

i=J j=l 

‘KJ) . . 

(uncorrelated case 
. . . (IO 

(correlated case 
. . . (IOa 

Equation (IO) is the basis for the formulae in the annex. 

Equation (8) is also valid for the assembly : T = 2ta. 

If the A-value, or the acceptable probability of exceeding the 
tolerante limits, is Chosen as different for the assembly than 
that common for the elements, the tolerante TA for the 
assembly shall be adjusted as follows : 

TA=+ . . . 
t 

(11) 

where 

tA 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 tolerante derived from equations (IO) or (IOa). 

65 . Components with more than one dimension 

Components with more than one dimension are 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 in fundamentally i 
the same way as for one dimension, but the calculations are 
more complicated. This part of ISO 3443 does not provide 
calculations for more than,one dimension, but the user will for 
many common cases in practical work find the necessary infor- 
mation and formulae in the annex. 

The general conditions for the formulae are : 

a) no mutual correlation; 

b) all Iui = 0; 

c) common probability of exceeding 
components and the assembly. 

tolerantes 

If the deviations are expressed in terms according to ISO 4464, 
the Standard deviation Bi of the distributed building deviation of 
components i tan in general be expressed as : 

u* i = aimU~m + aisUfs + aieUfe . . . Wal 

u* =a im imd?md * +a * imo”imo + airnf4mf . . . (12b) 

u* is = aisdOcd + aisook . . , WC) 

02 = 
ie aied%d + aieoofeo . . . (12d) 

The indices mean : 

m : manufacturing 

S : setting out 

e : erection 

d : dimension and Position 

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 tolerante for the assembly is met with a probability other 
than that for the constituent elements, this tan be taken into 
account analogous to equation (11) : 

tA TA=-T 
t 
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7 Allocation of tolerancesl) 

The variability of the assembly is normally restricted by 
tolerante specifications Tn or by functional demands which tan 
also be expressed as tolerante specifications. 

For practical reasons, it must be expected that Tn will be 
exceeded and this must be accepted to a certain degree. This 
may be specified as the percentage probability of exceeding 
which is acceptable. 

The reference size of the assembly should always be Chosen 
such that Tn is symmetrical. This gives, with an assumption of 
normal distribution, the minimum probability of exceeding Tn 
with a given set of tolerantes Ti for the elements in the 
assembly. The tolerantes for the assembly and its elements are 
to be optimized as far as possible to minimize the total costs for 
compliance with the tolerantes, for control of the tolerantes 
and for exceeding the tolerantes with a certain probability. 

This l optimization process is called 
and is an iterative 3-step process : 

the allocation of tolerantes, 

a) Establishing the mathematical connection between the 
deviation or tolerantes of the assembly and the deviations 
or tolerantes of its constituent elements. (For propagation 
of deviation, see clause 5.) 

b) Estimating the distribution of deviations of the elements 
and the assembly, which will be present at the time of con- 
struction. (See clause 6.) 

c) Comparison of the required tolerantes, Tn, for the 
assembly with the above estimated deviation or tolerante 
which tan be achieved with the Chosen technique, T. 

If T > Tn one or more of the following actions may be taken : 

a) use another jointing technique whereby a larger func- 
tional range of the assembly is established, e.g. use a 
sealant with greater movement capacity; 

b) specify smaller tolerantes for some of the constituent 
elements in the assembly. This will normally raise the price 
of these elements and often demand a Change of material or 
production technology; 

c) Change the method of erection to one where the devia- 
tions are piled up from fewer elements. This requires a new 
equation for the propagation of deviations in the assembly; 

d) accept the larger probability of misfit. 

If T < Tn actions acting in the opposi te direction 
maY possibly be taken to decrease the total costs. 

to a) and b) 

The optimal Solution is normally not achievable due to lack of 
information about some of the economic factors, but the use of 
best guesses in such places will in most cases lead to 
reasonably good solutions. 

1) When including effects of inherent (time-dependent) deviations, which tan 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 calculation procedure is as follows : 

a) determine the method of erection, number of components, etc., and the respective code number from table 1; 

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

c) calculate the tolerante which tan be achieved, or variability of F, TF’ from the general formula in A.4 and table 3 or 4. 

A.2 General formula for F 

Generally, the following formula applies 

BF - 
1 1 

2 TF < F < BF + 2 TF 

where 

F is the actual margin or actual joint clearance; 

BF is the “symmetrical reference size” (mean of the upper and 

TF is the tolerante for F. 

lower I imits of size) for F; 

F tan be of four different natures in this part of ISO 3443, depending on whether it concerns a margin or joint clearance and on the 
method of erection (sec figure 3). 

F J b F 
/’ /j 

I , m 
IJ /1 

I 1 
/ 
b 

F m F I / /' S 

F 
,' r / 

Figure 3 - Qifferent kinds of F 
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From figure 3 : 

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

Fm is the joint clearance between components inside one modular space; 

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

is the joint clearance between components erected independently of each other on each side of a modular line; 

Subscripts 1 and 2 denote the adjacent components; 

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

A.3 Cakulation Of B, (i.e. BF,, BFm, BFs and BFr) 

Generally, the following formula applies 

BF = f( rf i, umOl umf) 

i is the theoretical joint clearance (intended); 

is the deduction; 

0 mo 

0 mf 

is the Standard deviation for manufacturing, angular deviation; 

is the Standard deviation for manufacturing, form deviation. 

Normally only one of the Parameters is relevant, but in some cases there will be up to three relevant Parameters. 

Table 2 Shows the different methods of erection. 

Table 3 gives the formula for the different BFfor different methods of erection. 

A.4 Cahdation Of TF (i.e. TFb, TFm, TFs and TFr) 

TF is calculated according to the general formula 

T* F = amT$ + a,Tz + tieTE + X* 

Tm, Ts and Te are calculated according to the following formulae [see also equation (1 l)] 

T* = 
m amdTkd + amoTko ’ amf T%f 

T2 S = asdT:d + ‘soT,o 

T* e- - aedTed ’ ‘eoTzo 

ln all one-dimensional cases, a,d = asd = a,d = 1 and am0 = amf = aeo = 0. 

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

In all two- and three-dimensional cases, a,d = a,d = 1,2 and aso = aeo = 0,6. Furthermore it is to be noted that in the three- 
dimensional cases, Tm0 = T$,,, + Tko2 and Tmf 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. 
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