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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards institutes (ISO member bodies). The work of developing Inter- 
national Standards is carried out through ISO technical committees. Every member 
body interested in a subject for which a technical committee has been set up has the 
right to be represented on that committee. International organizations, governmental 
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. 

International Standard ISO 5022 was developed by Technical Committee ISO/TC 33, 
Refractories, and was circulated to the member bodies in August 1977. 

lt has been approved by the member bodies of the following countries : 
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Egypt, Arab Rep. of Mexico 
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Germany, F. R. Romania 
Hungary South Africa, Rep. of 

Spain 
Sweden 
United Kingdom 
USA 
USSR 
Y ugoslavia 

The member bodies of 
on technical grounds : 

0 

the fol lowing tries expressed disapproval of the document 

Canada 
Netherlands 

International Organkation for Standardkation, 1979 

Printed in Switzerland 
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INTERNATIONALSTANDARD ISO 50224979 (E) 

Shaped refractory products - Sampling and acceptance 
testing 

1 Scope and field of application 

- This International Standard gives directives for sampling 
. shaped refractory products and for obtaining, from a Sample of 

the smallest possible size, the most precise assessment possi- 
ble, of the quality of a consignment. 

The methods described below make it possible to carry out an 
acceptance test based on an assessment of the extent to which 
the specifications have been observed, but do not make it 
possible to determine whether the accepted consignment is 
suitable for a given application or to compare different qualities 
of Parts for this same purpose. 

This International Standard applies to products manufactured 
from refractory materials. 

lt may be applied when the Parties concerned have agreed to 
do so and have therefore, by common consent, made a choice 
between the various possibilities put forward in this Inter- 
national Standard, and have specified the various Parameters 
(see 3.2) which must be defined in Order to permit the applica- 
tion of the methods described. ’ 

lt is also possible to apply the directives forming the subject of 
this International Standard while modifying, by Prior agreement 
between the Parties concerned, those values which, particular- 
ly in the tables, do not follow from statistical laws (see 3.3). 

2.5 observed value : The value of a characteristic determin- 
ed as a result of an Observation or test (Symbol for the observed 
value having the number i : xi). 

2.6 extreme values : 

x ,nax : largest observed value in a Sample; 

. xrniri ’ smallest observed value in a Sample. 

2.7 (arithmetic) mean : The arithmetic mean of the observ- 
ed values in a Sample is their sum divided by the size of the 
Sample. 

1 1 * 
.Y = -- (x., + l-2 + . . . + X,]) = - 

Il n c 
Xi 

i= 1 

The mean value of the population is designated by the sym- 
bol ,LL 

2.8 Standard deviation : The Standard deviation is the 
quantity most commonly used in statistics to characterize 
dispersion. lt is the Square root of the variance. 

The Standard deviation of the Sample is given by the formula : 

i 

1 
.I’ EI 

17 - 1 c (Xi - X)2 

i= 1 
2 Statistical terminology and Symbols 

2.1 population : The totality of items under consideration. 
Esch of the batches formed in accordance with 3.1 represents a 
population. 

2.2 site of the population : Number of items in the popula- 
tion (Symbol : M. 

2.3 Sample : One or more items taken from a population and 
intended to provide information on the population and possibly 
to Ferve as a basis for a decision on the population or the pro- 
cess which had produced it. 

2.4 size of the Sample : Number of items in the Sample 
(Symbol : n). 

The Standard deviation of the population is designated by the 
Symbol o. 

In practice it is generally not convenient to compute X and s 
using the above formulae. Computations are made easier and 
their results improved using equivalent but different formulae 
(See Dl). 

2.9 confidence interval : When it is possible to define two 
functions T, and T2 of the values observed such that, when 8 is 
a population Parameter to be estimated, the probability 

1’17; < 0 < T21 = 1 - a 

where 1 - CY is a fixed number which is positive and less than 
1, the interval between T, and T2 is a confidence inverval for 6. 
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ISO 50224979 (EI 

The limits T, and T2 of the confidence interval are random 2.18 producer’s risk : For a given sampling plan, the pro- 
variables which, as such, may have different values for each bability of rejecting a batch in which the Proportion of defective 
Sample. items has a value fixed by the plan. 

In a large series of samples, the frequency of the cases in which 
the interval will include 0 will be approximately equal to 1 - a. 

2.10 confidence level : The value 1 - a of the probability 
associated with a confidence interval. 

lt is the probability a of rejecting a batch when the Proportion 
of defective units in this batch equals the acceptable quality 
level AQL (or when its mean value is equal to the guaranteed 
value ,IQ, for the mean). 

2.19 consumer’s risk : For a given sampling plan, the pro- 
bability of accepting a batch in whjch the Proportion of defec- 
tive items has a value fixed by the plan. 

2.11 statistical tolerante interval : An interval for which it 
tan be stated with a given level of confidence that it contains at 
least a specified Proportion of the population. 

When both limits are defined by statistics, the interval is two- 
sided. When one of the two limits is not finite or consists of the 
absolute boundary of the variable, the interval is one-sided. 

lt is the probability ß of accepting a batch when the Proportion 
of defective units is equal to the limiting quality LQ (or when its 
mean value equals pG + Ap or pc - Apl. 

2.12 inspection by attributes : A method which consists in 
taking note, for every item of a population or of a Sample taken 
from this population, of the presence or absence of a certain 
qualitative characteristic (attribute) and in counting how many 
items have or do not have this characteristic. 

The characteristics inspected by attribute at-e, for example, 
Cracks or other defects which are visible on the outside, or else 
defects which,are revealed on sawing or by a sonic test. 

2.20 operating characteristic curve (OC) : A curve show- 
ing, for a given sampling plan, the probability of acceptance of 
a batch as a function of its actual quality. 

3 General considerations and preliminary 
conditions for sampling 

3.1 Subdivision of consignments into batches 

2.13 inspection by variables : A method which consists in 
measuring a quantitative characteristic for each item of a 
population or of a Sample taken from this population. 

The measurable characteristics are, for example, the results of 
dimensional measurements, of Chemical analysis or of physical 
tests. 

2.14 Single sampling : A type of sampling which consists of 
taking only one Sample per batch. 

Consignments which correspond to a large tonnage shall be 
subdivided into batches of 100 to 500 t made up in accordance 
with the objectives which are being aimed at. These batches 
shall be sampled and subjected to tests separately and they 
may be accepted separately. 

lt will also be necessary to subdivide into batches a consign- 
ment which comprises products belonging to different classes 
or in which the items have been obtained by different methods 
of manufacture. 

2.15 sequential sampling : A type of sampling which con- 
sists in taking successive items, or sometimes successive 
groups of items, but without fixing their number in advance, 
the decision to accept or reject the batch being taken, as soon 
as the results permit it according to rules laid down in advance. 

Moreover, a consignment shall also be subdivided into batches 
according to sizes, masses and, if necessary, the shapes of the 
items, if the Producer and consumer are agreed in thinking that 
these factors influence the characteristics investigated. 

For the purpose of making up batches in terms of the masses of 
the items, it is often desirable to divide the items into the 

2.16 acceptable quality level (AQL) : A quality level 
which, in a sampling plan, corresponds to a specified, but 
relatively high, probability of acceptance. 

following three categories : 

- category 1 : items up to 15 kg; 

- 
lt is the maximum Proportion of defective units in the batch, 
such that batches in which the percent defective does not ex- 
ceed this values, are regarded as “good” and will very probably 
be accepted if a sampling plan is applied. 

2.17 liamiting quality (LQ) : A quality level which, in a 
sampling plan, corresponds to a specified and relatively low 
probability of acceptance (usually 10 % 1. 

lt is the Proportion of defective units in the batch, such that 
batches in which the percent defective exceeds this value are 
regarded as “bad” and will very probably be rejected if a sampl- * 
ing plan is applied. 

category 2 : items ranging from 15 to 35 kg; 

category 3 : items in excess of 35 kg. 

The making-up of batches from a consignment may be 
facilitated if the items are marked in such a way as to indicate 
the period during which they have been manufactured. 

If a batch is declared to be non-complying it is possible to sub- 
divide it into smaller batches by applying the criteria indicated 
above which might not have been taken into account when 
making it up, in Order to ensure greater uniformity of each of 
the new batches made up, and these may be subjected to ac- 
ceptance separately. This procedure may only be applied after a 
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ISO 50224979 (El 

new agreement has come into Operation between the Producer 
and the consumer, and it is expedient to make sure that the 
new sampling Plans which will be operated provide, for both 
Parties, similar guarantees to those which would result from the 
first plan used. 

3.2 Properties inspected 

3.2.1 Specifications relating to the properties inspected 

For each of the batches made up as. indicated above, each of 
the properties inspected by attributes is characterised by a pro- 
Portion of defective units in the batch, and each of the 
measurable properties is characterised by a mean value and by 
a Standard deviation. 

Statistical control of a production in respect of its quality Shows 
that, over a period of time, the mean value (,u) of a property 
undergoes fluctuations which are due to inevitable variations in 
the raw materials, their preparation and the methods of casting 
and firing. The Standard deviation (a), on the other hand, 
generally varies less. 

When the specifications are drawn up, a mean value pc is 
guaranteed by the Producer : the Producer guarantees, depen- 
ding upon the nature of the property, that the mean value of 
each batch is either less than or equal to ,uG or else greater than 
or equal to pc. 

The delivery 
product : 

contract must therefore specify, for each class of 

which - the properties on the basis of 
jection of batches will be decided; 

acceptance or re- 

- 
be 

for each of 
employed. 

these properties, the specification which will 

This specification 
fixing down : 

may assume various forms. lt may consist of 

- in the case of sampling by attributes, a maximum 
percentage of defective Parts (which takes the form of the 
fixing of an acceptable quality level : AQL). The correspon- 
ding sampling Plans are dealt with in clause 4. 

- in the case of sampling by variables : 

- a guaranteed value (,u,) for the mean. The cor- 
responding sampling Plans are dealt with in 5.3 and 5.5, 
01, 

- a limit value for the individual values (an upper limit 
7” or a lower limit q, according to the properties). 

In this event, the delivery contract must also lay down an 
acceptable quality level (AQL). The corresponding 
sampling Plans are dealt with in articles 5.4 and 5.6, or, 

- a downwardly limited and an upwardly limited value 
for the mean value or the individual values. The sampling 
Plans corresponding to bilateral protection of this kind 
are not given in the present document. 

A batch will comply with requirements if it really belongs to the 
class laid down in the Order or specifications and if the values 
found for each of the properties investigated, following applica- 
tion of the sampling Plans described below, result in a confor- 
mity decision. 

A batch will not comply with requirements if it does not belong 
to the class laid down or if the values found for one or more 
than one of the properties investigated, following application of 
the sampling Plans described below, result in a non-conformity 
decision. 

3.2.2 Nature and number of the properties subjected to 
inspection - Efficiency of Plans 

The nature and number of the characteristic properties in- 
spected depend upon the nature of the consignment, its in- 
tended use, all the risks which the Producer and consumer 
agree to incur, and the expense which they agree to devote to 
sampling and testing . 

In fact, the application of any sampling plan provides no cer- 
tainty that the batch either is, or is not in conformity with the 
requirements : the probability of acceptance of a batch and its 
quality Ievel arc related through a function which is defined by 
the selected sampling plan. 

This function is represented by the operating characteristic 
curve of the plan which, for convenience of use, is characteris- 
ed by two Points : one corresponds to the producer’s risk a and 
the other to the consumer’s risk p. 

If the inspection deals with a 
Plans described below are such 

property I Single 
that : 

the sampling 

- the producer’s risk (a), which is associated with the ac- 
ceptable quality level (AQL) fixed by the requirement (or 
which is associated with the guaranteed value ,uG for the 
mean) is always fixed, in the case of inspection by variables, 
at a value which is equal to or very close to 5 %. In the case 
of inspection by attributes, this risk is variable (see table 3). 

-. the consumer’s risk CP) is associated with a batch quali- 
ty level which depends directly upon the sampling plan 
selected for inspection. The values for this quality level 
(limiting quality) are given for a constant risk ß = 10 % in 
tables 3, 9 and 10 and tan be found, for different values of 
fi, from the graphs giving the operating characteristic 
curves of the corresponding sampling Plans (see figures 4, 
5, 6 and 7). 

lt may be noted that the percentages of defective units 
associated with the consumer’s risk in the various sampling 
Plans are generally high as compared with the producer’s risk. 
This is the result of economic considerations which induce both 
Parties to tut the size of the inspected samples. 

However when inspection is carried out on a number of’quality 
characteristics the resulting risk increases for the Producer and 
decreases for the consumer if it is assumed that a product sub- 
jected to inspection must meet all the requirements put on the 
individual properties tested to receive final acceptance. In this 
case, and assuming in addition that the quality characteristics 
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involved in the various acceptance procedures are indepen- 
dent, table 1 gives the resulting values of a and ß as a function 
of the number j of quality characteristics subjected to inspec- 
tion. 

In actual fact, the Overall consumer’s risk indicated in this table 
do not permit a full assessment of the severity of inspection. 
This severity is much better represented by the quality level (or 
percentage defective) LQ associated with a constant value 
of ß. 

This is shown in the example given in figure 1’) (the Points B,, 
B,, B, all correspond to ß = 10 % 1. 

In each case, only a knowledge of the complete operating 
characteristic curve of the plan makes it possible to know the 
value of one quality level corresponding to a given risk and to 
the number of properties inspected. 

Furthermore, the properties of refractory products are not all 
independent of one another, and the values indicated in table 1 
are therefore maximum values (for the Producer) or minimum 
values (for the consumer). 

They nevertheless lead to limitation of the number of properties 
inspected : the number of properties inspected by destructive 
tests (excluding Chemical analysis) should not be greater than 
three? 

Furthermore, with the exception of methods dealt with in 5.3, 
the methods of sampling by variable are based on the 

theoretical hypothesis that the property measured is distributed 
in the batch in accordance with the normal law. In practice, the 
properties investigated will very rarely be distributed precisely 
in accordance with this law, but the efficiency of the methods 
of investigation is changed very little in cases where the 
distributions deviate only slightly from normal. 

In cases of doubt, however, it is expedient to verify, with the 
aid of a statistical test (for example [2]), that the distribution of 
the property considered in the investigation may be regarded as 
normal. 

Table 1 - Change in risks when the number 
of independant properties inspected increases 

Number of 
properties 

Total producer’s 
risk when the 

producer’s 
risk a rises to 
5 % for each 

ProPertY 
% 

cr1 = 5,00 

cY2 = 9,75 

a3 = 14,26 

a4 = 18,55 

a5 = 22,62 

af.5 = 26,49 

a7 = 30,17 

Total consumer’s 
risk when the 

consumer’s 
risk p rises to 
10 % for each 

property 

ß, = 10% 

p2 = 1 % = 10- 2 

p3 = lO- 3 

ß4 = lO- 4 

ps = lO- 5 

ß6 = Io- 6 

ß7 = IO- 7 

1) The operating characteristic curves shown in figure 1 apply in case where, for each property, the same sampling plan used, as defined by : 

- a known Standard deviation (0); 

- a one sided tolerante limit for individual values; 

- anAQLof4%; 

- a Sample size of 10. 

These curves are graphic representations of the following function : 

P= @j HU, - p - Kl Ja 

where 

P is the probability of accepting the batch on the basis of all quality characteristics inspected; 

Q> is the distribution function of the standardized normal distribution; 

U, is the standardized deviation corresponding to a probability JJ; 

p is the Proportion of defective items in the batch subjected to inspection; 

K is the constant defined by the sampling plan used; 

j is the number of properties subjected to inspection. 

2) lt will be possible to use the items which have supplied the high& or lowest values when subjected to these three investigations, for determining 
certain other characteristics for information purposes. 
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3.3 Sampling process and use of the sampling 
Plans described in clauses 4 and 5 

Every sampling plan shall be prepared, and its execution super- 
vised, by experts who are as well acquainted with the Problems 
of the production and use of the products as with the Problems 
of sampling. 

The taking of samples shall be carried out in such a way that all 
the items in the batch have the same probability of beirigg 
selected and tested. 

The efficiency of a sampling plan depends solely on the number 
of sampled units, n, whatever the size, N, of the batch, provid- 
ed that nlN is less than 10 %. Tables 3, 4, 6, 9 and 10 (or the 
operating characteristic curves also given in this International 
Standard) shall be used to determine, on the basis of the re- 
quired efficiency, what the Sample size should be. 

If experience Shows that the quality of the manufacturer’s pro- 
duction corresponds to the agreements, it is possible, when 
batches of the same quality are frequently subjected to accep- 
tance procedures, either to choose a plan with lower efficiency 
which implies the use of a smaller Sample size or to reduce the 
number of batches inspected while retaining a plan having the 
same efficiency. The same applies when statistical quality con- 
trol Charts are available (see 3.5). 

Similarly, if it is desired to reduce the Proportion of defective 
units associated with a given consumer’s risk value, it is 
necessary to choose a sampling plan with higher efficiency 
which implies the use of a larger Sample size. 

The Sample size, n, indicated in the tables corresponds to that 
number of results relating to one of the properties inspected, 
which must be available in Order to decide whether the batch is 
in conformity as regards the said property. 

Esch method of test must define what constitutes a result. 
Thus according to the nature of the test, a result may be con- 
stituted either by the value obtained by applying the method of 
test on a Single occasion, or by a value which is deduced from 
the values obtained by repeating the test one or more times 
under the conditions prescribed by the method. Esch of‘the n 
“results” must be obtained from a different item. 

lt is therefore necessary to calculate, from the Sample size cor- 
responding to each of the properties which will be inspected, 
the number of items which will have to be selected while taking 
into account : 

- the number of properties which will be inspected; 

- t he specif ica 
will be used; 

tions of each of the methods of test which 

- the fact that each of the items selected may, or 
not, be used for investigating a number of properties; 

- the possibility of Problems duri 
items selected or duri ng the tests; 

maY 

ng the hand ling of the 

- the way in which it is intended to settle any disagree- 
ment between the Producer and the consumer : in this con- 
nection, it is recommended that the number of items 

selected should permit the making-up of a reserve Sample 
for use in the event of arbitration. 

34 . Treatment of the items selected 

The distribution of the items selected, their possible apportion- 
ment between the various Parties concerned (Producer, con- 
sumer, arbitrator) and the constitution of a reserve Sample shall 
be indicated in the terms of the transaction as weil as, if 
necessary, the method of sub-dividing the test pieces. 

3.5 Use of statistical control Charts 

The tests carried out by the consumer may be considerably 
reduced if the manufacturer regularly Plots statistical control 
Charts of the quality of his production, and places these Charts 
at the disposal of his customers. 

lt is therefore expedient that the Pattern of the control Chart 
used should be selected in such a way that it tan be used with 
equal success for production and for the inspection of a con- 
signment : a selection of works on this subject is given in 
annex D. 

Control Charts tan be used for controlling the mean value, the 
Standard deviation, the tolerante or the percentage of defective 
units. 

A further advantage of regular use of control Chart is that, in 
certain cases it supplies a good estimate of the Standard devia- 
tion of the quality characteristic. 

4 Sampling for non-destructive tests 

4.1 Inspection of the external appearance 

The specification precisely defines what should be regarded as 
a defective item after examination of its external appearance. 

lt therefore specifically states the defects, such as Cracks, 
blemishes, deformations, firing defects, etc., which will be 
taken into consideration. 

The acceptable Proportion of defective items (AQL) is also fixed 
by agreement between the two Parties. This Proportion may 
often be fixed at 4 % in the case of ordinary bricks and mass- 
produced items, and at 1,5 % for items having complicated 
shapes. 

The external appearance is inspected by attributes. 

The sampling Plans to be taken into consideration, which are 
defined by the Sample size, n, and the acceptance number, c’, 
may be taken from ISO 2859 [40]. Table 3 gives a selection of 
sampling Plans for AQL’s of the Order of 6,5, 4,0 or 1,5. This 
table also gives, in column 4, the probability of acceptance P 
for different proportions p of defective units in the batch. 

The number v of defective pieces in the Sample having a size n - 
is determined. 

If -V < c*, the batch is in conformity; 
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If -1’ 2 C, the batch is not in conformity. 

Example : 

Table 2 - Inspection process 

Batch I 1 I '2 1 '3 1 

A consignment having a total mass of 200 t comprises 20 000 
pressed items, having a unit mass of 10 kg, which are divided 
into three formats : 

Batch size, N 112000 1 500 17500 1 

format 1 : 12 000 items 
- format 2 : 500 items 
- format 3 : 7 500 items 

As indicated in 3.1, the consignment is subdivided into three 
batches corresponding to the three formats, for the purpose, in 
this case, of inspecting the external appearance (Cracks). 

Vaiues drawn from table 3 for 
AQL = 1,5 % 

Sample size, n 315 50, ‘.200 

Acceptance number, c 10 2 7 

Number y of defective 
pieces found I81'21 81 

Decision ( In . ( In . 1 Not in. 1 
conformrty conformrty conformrty 

The process is described in table 2. 4.2 Inspection of dimensions 

In the case of batch 2, for example, the sampling plan used 
provides the following guarantees (see table 3 - AQL : 1,5 % 
-- line 3) : 

- for the Producer, the risk of having a batch comprising 
1,66 % of defective pieces erroneously declared not to be in 
conformity, is equal to 5 %; 

The dimensions may be inspected by attributes (i.e., in accor- 
dance with 4.1) or by variables (see [18]); the methods involv- 
ing inspection by variables described in clause 5 may not be 
used for inspection of dimensions, because in this case a lower 
limit and an upper limit are generally prescribed. The sampling 
Plans required for inspection by variables are not given in the 
present document but they may be published later in a second 
edition of this International Standard. 

for the consumer, the risk of having a batch which con- 
tains 10,3 % of defective pieces erroneously declared to be 
in conformity, is equal to 10 %. 

The Single sampling Plans necessary for inspection by at- 
tributes may be taken from ISO 2859 NO] or from table 3. 

ISO 50224979. (E) 

Table 3 - Single sampling Plans for sampling by attributes in normal inspection 

(1) (2) (3) (4) (5) 
Probability of acceptance, P 

AQL N n c 0,99 0,95 0,90 0,50 0,lO 0,05 0,Ol 

% p % defective units in the lot 

2to 90 Nor 8 0 0,13 OW 1,3 8,30 250 31,2 433 
91 to 280 32 1 w-8 1,13 1,67 5,19 1 11,6 14,0 19,0 

281 to 500 50 2 0,89 1,66 2,23 5,31 l 10,3 12,l 15,9 
501 to 1 200 80 3 1,05 1,73 220 4,57 8,16 9,39 12,0 

l,5 1 201 to 3 200 125 5 1,43 2,09 2,52 454 7,42 8,41 10,5 
3 201 to 10 000 200 7 1,45 1,99 2,33 3,84 5,89 6,57 8,60 

10 001 to 35 ooo 315 10 1,51 1,96 2,23 3,39 4,89 5,38 640 
35 001 to 150 000 500 14 1,50 1,85 2,06 2,93 4,03 4,38 5,09 

Over 150 000 800 21 l,57 1,86 2,03 2,7l 3,52 3,78 4,29 

2 to 25 Nor 3 0 0,33 1,70 3,45 20,6 53,6 632 75,4 
26 to 90 13 1 1,19 2,81 4,16 12,6 26,8 31,6 41,5 
91 to 150 20 2 2,25 4,22 564 13,l 24,5 28,3 35,6 

151 to 280 32 3 2,63 4,39 5,56 11,4 19,7 22,5 28,0 
4,O 281 to 500 50 5 3,66 5,34 6,42 11,3 l7,8 19,9 24,3 

501 to 1 200 80 7 3,72 5,06 5,91 9,55 14,2 15,8 18,9 
1 201 to 3 200 125 10 3,82 4,94 5,62 8,53 12,3 13,6 16,l 
3 201 to 10 000 200 14 3,74 4,62 5,15 7,33 10,l 10,9 l2,7 

Over 10 000 315 21 3,99 4,73 5,16 6,88 8,95 9,60 10,9 

2to 15 2 0 0,50 2,53 5,13 29,3 W4 77,6 wo 
16 to 50 8 1 2,00 2,64 6,88 20,l 4016 47,1 =,g 
51 to 90 13 2 3,63 6,63 8,80 20,o 36,0 41,0 5W 
91 to 150 20 3 4,3l 7,13 9,03 18,l .30,4 W4 42,0 

6,5 151 to 280 32 5 5,94 8,50 IO,20 l7,5 27,1 30,l 35,9 
281 to 500 50 7 6,06 8,20 9,53 15,2 Z4 24,7 
501 to 1 200 80 10 6,13 7,91 8,95 13,3 18,6 20,3 23,6 

1 201 to 3 200 125 14 5,98 7,40 8,24 11‘7 16,l l7,5 20,4 
Over 3 200 200 21 6,29 7,45 8,12 IO,8 14,l 15,l l7,2 

Extracted from [40] for "Inspection Level 11"; the sampling Plans coincide with those in 1171, 1101 and 1341. 
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: The acceptable Proportion of defective Parts shall be fixed by 
agreement between the interested Parties. lt may often be 

I possible to fix the Proportion at 6,5 %. 

,. 5 Sampling for destructive tests 

’ 5.1 Introduction 

The properties which 
. spected by variables. 

are revealed bY destructive tests are in- 

The statistical methods of inspection by variables described in 
5.4, 5.5 and 5.6 presuppose that the property measured is 
distributed in the batch according to a law which is close to the 
normal law (see 3.2.2, last Paragraph). 

Sub-clauses 5.3 and 5.5 apply to the case in which the delivery 
contract has specified a guaranteed value &) for the mean 
value of the property measured. 

Sub-clauses 5.4 and 5.6 apply to the case when one limit ( Ts or 
Ti) has been set to individual values : an item is regarded as 
satisfactory with reference to the inspected property if the 
value for this item is less than 7’s (or greater than Ti); if not it is 
regarded as defective with reference to the property measured. 

The methods described in 5.3 and 5.4 may be used when the 
Parties concerned agreed upon the assumption that the stan- 
dard deviation 0 of the measured property is known. This stan- 
dard deviation must be estimated from larger samples than 
those envisaged in this clause (see annex A). The constancy of 
the Standard deviation shall be checked at regular intervals, by 
means of a statistical test (See, for example, [21). 

5.3 Sampling Plans in the case of a guaranteed 
value for the mean value and a known Standard 
deviation 

5.3.1 Field of application 

The sampling Plans given in this sub-clause shall be used when 
the Producer and the consumer have reached an agreement on 
a guaranteed value for the mean and when it may be accepted 
that the Standard deviation 0 of the property is known. 

5.3.2 Single sampling Plans 

5.3.2.1 Characteristic Parameters 

A Single sampling plan is characterised by the Sample size n and 
the acceptance factor K,,,; these Parameters will be taken 
from table 4, columns 1 and 2. 

5.3.2.2 Treatment of the Sample and decision on the batch 

The tests yield II individual 
calculated. 

values, of which the mean x is 

Rule governing decision, if the high values are unfavourable : 

.- calculate !I(; + KPRE 0; 

-. if .Y < 11~ + k,,, o, the batch is in conformity; 

-- if -Y > /dc, + K,,, cr, the batch is not in conformity. 

Rule governing decision, if the low values are unfavourable : 

- calculate /rc; - 

- if .\- 2 /IG - K PRE O, the batch is in conformity; 
5.2 Test sharing 

- if .Y c pc. - -J KPRE 0, the batch is not in conformity. 
By agreement between the interested Parties the n units of the 
Sample may be shared between the Producer and the consumer 
(or, if applicable, a neutral agency) provided that it has first 
been verified that the laboratories do not show any significant 
differente in their test results (see annex B). The results will 
then be combined for statistical treatment; if the two interested 
Parties so agree, then the Producer may, in the case of the 
results which he is responsible for supplying, refer to the values 
in the control Chart. 

Agreement between the results obtained by the laboratories 
shall be regularly verified with the aid of statistical tests such 
as, for example, the t test for comparing mean values and the F 
test for comparing Standard deviations (see [2]). If this verifica- 
tion reveals significant differentes between the test results of 
the laboratories, an attempt will be made to find the Causes of 
these differentes. Until these differentes have been eliminated, 
the test results cannot be combined for the purpose of 
statistical treatment. 

If there are differentes between the results obtained by the pro- 
ducer and the consumer, the results obtained by an arbitrating 
laboratory will decide. 

K PRE O; 

5.3.2.3 Producer’s and consumer’s risks 

The values for K PRE given in table 4 are based on a producer’s 
risk a = 5 % that a batch with true population mean p equal to 
the guaranteed value pc will be rejected by Chance. 

The consumer’s risk p is the probability that a batch with true 
population mean ,u differing by A,u from the guaranteed value 
,uG will be accepted. The value of A,u which corresponds to a 
risk ß = 10 % is obtained by multiplying by 0 the value of 

taken from column 3 of table 4. 

pß = 10 % = PG + XO 

I-he + sign being used if 
characteristic are undesirable. 

high 

The operating curves 
are given in figure 2. 

of the sampling Plans dealt with in table 4 

of the measured 
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5.3.2.4 Example 

Suppose the consignment mentioned in example 4.1 is to be 
inspected with respect to cold crushing strength. Let 

k = 230 kgF/cm* be the guaranteed mean value; the stan- 
dard deviation is known and is ct = 70 kgF/cm*. 

All the items in the consignment belong to mass class 1, with 
the result that the entire consignment constitutes one batch 
from the Point of view of destructive tests (see 3.1). 

In view of the given data, the sampling Plans in 5.3 must be 
used. lt is desired to use a Single sampling plan (5.3.2). The 
Sample size n = 14 and acceptance factor KPRE = 044 are 
obtained from table 4. 

The mean of the results of the 14 tests is X = 190 kgF/cm*. 

The following calculation is carried out : (uc - K,,, 0 = 
230 - 0,44 x 70 = 199. 

Since X < pc - K,,, o (190 < 199) a decision of non- 
conformity is arrived at. 

The sampling plan used provides the following guarantees : 

- for the Producer, the risk of having a batch, the true 
mean of which would be 230 kgF/cm*, declared not to be in 
conformity, is equal to 5 %; 

- the consumer runs a risk ß = 10 % of having a batch, 
the true mean of which would be 

AP 
Pc-- 7 xu 

( ) 
= 230 - 0,78 x 70 = 175,4 kgF/cm*, 

erroneously declared to be in conformity. 

5.3.3 Sequential sampling Plans 

5.3.3.1 General remarks 

Where as the Sample size n is fixed before the Start of sampling, 
in the case of Single sampling Plans, the number of items to be 
taken and subjected to tests depends, in sequential sampling 
Plans, upon the results of the successive tests. After each test, 
three decisions are possible : 

-- declare conformity; 

-- declare non-conformity; 

-. continue the tests. 

The number of tests to be carried out for deciding upon confor- 
mity or non-conformity is therefore dependent upon the results 
already obtained but is in general lower than the number of 
tests imposed by a Single sampling plan having the same effi- 
ciency. Sequential sampling Plans are therefore generally ad- 
vantageous in the case of costly tests, the results of which are 
rapidly obtained. 

Either the items will be taken from the batch one after another 
until a decision on the fate of the batch intervenes, or else the 
number of items corresponding to the value n,,, (table 6, col- 
umn 8) will be taken in one Operation from the batch and these 
items will be successively subjected to the tests in an Order 
which is random but is determined at the moment at which the 
Sample is taken. 

5.3.3.2 Characteristic Parameters 

A sequential sampling plan is characterised by the Parameters 
6, u and I* which are taken from table 6, columns 1 to 3. 

Table 4 - Single sampling Plans in the case 
of a guaranteed value for the mean’) 

Standard 1 I 
deviation o 

known TEE 
Sample a = 5 % 
size, l-2 1 I 

AP 
(4 a ß=lO% 

1 121 3 

4 O,Q 1,46 6 
6 0,67 1,20 8 

10 0,52 0,93 12 
14 014 0,78 16 
18 0,39 0,69 20 
22 0,35 0,62 24 
26 0,32 03 28 

Standard 
deviation o 
unknown 

Sample 
size, n 

4 

Total 
mass 

of batch*) 
t 

5 

1 
10 

100 
200 
300 
400 
500 

1) The table is suitable for unit masses limited to 35 kg. In the case of 
unit masses greater than 35 kg, the Sample size is to be agreed upon by 
the contracting Parties. 

2) This column is given only as a guide. 
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5.3.3.3 Execution of tests and decision on batch 

Let n be the number of tests already carried out. After each ad- 
ditional test, the following summation is calculated from the n 
results Xi already obtained : 

n 

Sn = 
c 

(Xi - ‘1 

i=l 

The rules governing the decision are summarized in the follow- 
ing synoptic table : 

The sampling plan may be interrupted, for n = nmax (table 6, The efficiency curves of the sequential sampling Plans given in 
column 8), by applying the decisions indicated in the lower half this sub-clause are practically the same as those of the cor- 
of table 5. responding Plans in 5.3.2 (sec figure 2). 

Table 5 - Conformity decisions 
5.3.3.5 Mean Sample size 

Declare the batch to be in 
conformity if : 

Declare the batch to be not 
in conformity if : 

Continue the tests if : 

s,, > u 

s,, < r 
r -c s,, < u 

Stop the tests for 
= n nmax 

and declare the batch to be 
in conformity if : 

Stop the tests for 
= n nmax 

and declare the batch to be 
not in conformity if : 

S n max ’ O 

S n max > O 

S II max 20 

S 11 max <o 

5.3.3.4 Producer’s and consumer’s risks 

The values given in table 6 are based on a Producer risk 
a = 5 %; the probability of a batch, the mean ,u of which is 
equal to the guaranteed value pG, being erroneously declared 
not to be in conformity, is therefore 5 %. 

The consumer’s risk ß corresponds to the probability of a 
batch, the effective mean of which would differ by Ap from the 
guaranteed value pG, being accidentally declared to be in con- 
formity : the value of A,u which corresponds to a risk 
ß = IO % is obtained by multiplying by o the value 

AP 

0 
, obtained from column 4 in table 6, 

* ß=lO% 

i.e. : 

Pp = 10 % = PG + AP 
( > 

XCJ 

cT ß=lO% 

The mean Sample size may be found in columns 5 to 7 of 
table 6; it is the number of items which must be tested before 
the batch is declared to be in conformity or not in non- 
conformity; this number depends upon the true value of the 
mean p : 

- column 5 relates to batches, the mean ,u of which is 
equal to the guaranteed mean ,Q; 

- column 6 relates to batches, the mean value ,u of which 
deviates by A,u from the guaranteed mean ,Um (these bat- 
ches therefore have only a 10 % probability of being ac- 
cepted); 

- column 7 relates to batches, the mean value of which 
deviates by A,u/2 from the guaranteed mean ,uG (the mean 
Sample size reached here has almost its maximum value). 

5.3.3.6 Examples 

5.3.3.6.1 Example of a test for refractoriness under load 

A batch of 200 t has to be inspected for acceptance from the 

Table 6 - Sequential sampling Plans in the case of a guaranteed value limit (,u,) 
for the mean and a known Standard deviation’) . 

b a 

Mean Sample size 
___ ._ _ _ __ . - __ -- .~---.- -- 

n 
5 (~4,) n (pc + Apl max 

1 2 3 4 5 6 7 8 

& f. 0,730a =f 1,540 + 1,98 a 1,46 13 22 3,l 6 
& + 0,600~ =f 1,880 + 2,41 o 1,20 23 313 4,5 8 
& k 0,465a 'F 2,42 a I!I 3,ll 0 0,93 4,6 5,5 7,5 13 
& + 0,390a T 2,89 a f- 3,71 0 0,78 66 7,8 10,7 18 
& + 0,345a =F 3,26 0 f. 4,19 0 0,69 w IO,0 13,7 23 
& + 0,310a =F 3,63 o I!I 4,66 o 0,62 IO,4 12,4 16,9 29 
& + 0,290a =F 3,880 + 4,98 ci ! 0,58 11,9 14,l 19,3 33 

Total 
weight 

of batch*) 
t 

9 

1 
IO 

100 
200 
300 
400 
500 

1) lf the high values at-e unfavourable, the upper signs in columns 1 to 3 must be adopted. If the low values are unfavourable, the lower signs must be 
adopted. 

2) This column is only given as a guide. 
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Point of view of “refractoriness under load”; a guaranteed 
value for the mean pG = 1 670 OC has been agreed upon; the 
Standard deviation is known and its value is 0 = 15 OC. 

From the given data the sampling Plans in chapter 5.3 must be 
used. 

lt is desired to make. use of a sequential sampling plan (See 
5.3.3) and the following values are therefore calculated, using 
table 6 : 

b = Pc - 0,390 o = 1 670 - (0,390 x 15) = 1664 

a = 2,89 CJ = 2,89 x 15 = 43,4 

1’ = - 3,71 o = - 3,71 x 15 = - 55,6 

Furthermore, it is found that, according to table 6, colulmn 8, 
the sequential plan may be interrupted after the testing of 
n max = 18 items. 

The course of development of the sequential plan is indicated in 
table 7. 

S 

60 

50 

40 

30 

in conformity 

Table 7 - Development of sequential sampling plan 

i 

1 
2 
3 
4 
5 
6 
7 
8 
9 

3 

1 670 
1680 
1660 
1 670 
1 670 
1660 
1680 
1 660 
1680 

Xi = b 
(b = 1 664) 

6 
16 

- 4 
6 
6 

- 4 
16 

- 4 
16 

Decision 

‘fl r(a =e4;k4;) 
= I 

6 ’ 
22 
18 
24 Continue since 
30 s < s,, -c a 
26 
42 
38 / 
54 Declare to be in 

conformity since 
s,, > a 

After testing II = 9 items, the decision to declare the batch to 
be in conformity is obtained. 

The process which results in the decision may also be 
illustrated by the diagram in figure 3. 

a 

1 I I I 1 I I I 1 1 0 

1 2 3 4 5 6 7 8 9 10 

not in conformity 

Figure 3 - Procedure for decision on conformity 
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5.4 Single sampling Plans with a fixed unilateral 
limit for individual values and a known Standard 
deviation 

5.3.3.6.2 Example of a test for thermal expansion at 
1 400 OC 

A 200 t batch is to be inspected for acceptance in respect of 
“thermal expansion at 1 400 OC”; a guaranteed mean value 
Pc; = 1,30 % has been agreed upon; the Standard deviation is 
known and has a value a = 0,05 %. 

From the given data it is necessary to use the sampling Plans In 
5.3. 

lt is desired to use a sequential sampling plan (see 5.3.3) and 
the following values are therefore calculated, using table 6 : 

h = pc; + 0,390 0 = 1,30 + (0,390 x 0,05) = 1,32 

(1 z -. 2,89 (T = - 2,89 x 0,05 = - 0,145 

/’ = 3,71 0 = 3,71 x 0,05 = 0,186 

Furthermore, it is found that, according to table 6, column 8, 
the sequential plan may be interrupted after the testing of 
r1 - 18 items. max - 

The course of development of the sequential plan is illustrated 
in table 8. 

5.4.1 Field of application 

The Single sampling Plans given in this sub-clause shall be used 
when the Producer and the consumer have agreed on a limit 
(an upper limit TS or lower limit Ei), depending on the property 
tested, on individual values and when it tan be said that the 
Standard deviation o is known. 

5.4.2 Characteristic Parameters 

A Single sampling plan is characterised by the Sample size y2 and 
the acceptance factor K; these Parameters shall be taken from 
table 9 according to the AQL agreed upon. 

5.4.3 Treatment of the Sample and decision on the batch 

The tests yield n individual values. The arithmetic mean X of 
these values is calculated first, and then the quality index of the 
Sample : 

Table 8 - Development of sequential sampling plan 
- 

Decision 
(a = - 0,145; 

r = 0,186) 
xi 

*-6 
(bxI= 1,321 

Ts -x 
Q =- 

0 
- 

Continue since 
a < S,, < I* 

I 
Declare to be in 
conformity since 

% < a 

1,29 - 0,03 - 0,03 
1,30 - 0,02 - 0,05 
1,34 + 0,02 - 0,03 
1,28 - 0,04 - 0,07 
1,29 - 0,03 - 0,lO 
1,32 0 - 0,lO 
1,31 - 0,Ol - 0,ll 
1,28 - 0,04 - 0,15 

or 

Q 
X- Ti 

=- 
0 

Rules governing the decision : 
I I 

- If Q 2 K, the batch is declared to be in conformity; 
After testing tz = 8 items the decision to declare the batch to 
be in conformity is obtained. - If Q < K, the batch is declared to be not in conformity. 

Table 9 - Single sampling Plans with a fixed unilateral limit 
for the individual values and a known Standard deviationl) 

AQL = 1,5 % T AQL = 2,5 % r AQL = 4,0 Yo T- AQL = 6,5 % -- 

K 
LQ 
% 

0,69 
OB 
0,99 
1,07 
1,13 
1,16 
1,19 

8 9 

48,0 
37,6 
27,9 
23,4 
20,4 
l8,7 
l7,4 

Sample 
size 

n K LQ 
% K LQ 

% K 
LQ 
% 

1 2 3 4 5 6 7 

4 1,35 
6 1,50 

10 1,65 
14 1,73 
18 1,78 
22 1,82 
26 1,85 

23,9 1,14 30,9 0,93 38,6 
16,4 1,29 z2 1,08 28,9 
IO,7 19 15,0 1,23 20,5 
82 1,52 11,9 1,31 16,6 
69 l,57 IO,2 1,36 14,5 
61 1,61 910 1,40 12,9 
5,5 La 82 1,43 11,9 

10 I 
1 

IO 
100 
200 
300 
400 
500 

1) This table is suitable for unit masses which are limited to 35 kg. In the case of unit r-nasses in excess of 35 kg, 
the Sample size is to be agreed upon by the contracting Parties. 

2) This column is only given as a guide. 
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- the consumer runs a riskp = 10 % of having a batch in 5.4.4 Producer’s and consumer’s risks 
which 16,6 % of the items have an ap lparent density lower 
than 2,98 g/cm3, erroneously declared to be in conformity. The values for K given in table 9 are based on a producer’s risk 

ofa = 5 %; the probability of a batch, in which the Proportion 
of defective items equals AQL, being accidentally declared not 
to be in conformity, is therefore 5 %. 

5.5 Single sampling Plans in the case of a 
guaranteed value for the mean and an unknown 
Standard deviationl) . 

For each AQL, table 9 contains a ‘column giving the values of 
LQ for a producer’s risk p = 10 %; the probability of accep- 
tance of a batch in which the Proportion of defective items is 
equal to the LQ value given in the table, is therefore 10 %. 5.5.1 Field of application 

The operating characteristic curves of the Single Plans dealt 
with in table 9 are given in figures 4 (AQL = 1,5 %), 
5 (AQL = 2,5 %), 6 (AQL = 4 %) and 7 (AQL = 6,5 %). 

The Single sampling Plans given in this sub-clause shall be used 
when the Producer and consumer have reached agreement on 
a guaranteed value for the mean and when it cannot be ac- 
cepted that the Standard deviation of the property is known, 
but when it may be estimated by the Standard deviation s of the 
Sample. 

5.4.5 Example 

A 200 t batch is to be 
“apparent density”. 

inspected for acceptance with respect to 

5.5.2 Characteristic Parameters 
lt has been agreed to set a limit q = 2,98 g/cm3 on the in- 
dividual values and to choose an AQL = 4 %. A Single sampling plan of this kind is characterised by the sam- 

ple size II and the acceptance factor KPRE; these Parameters are 
given in table 4 in columns 4 and 2 respectively. The Standard deviation is known and is equal to 0,04 g/cm3. 

On the basis of 
of section 5.4. 

these, it is necessary to use the sampling Plans 

5.5.3 Treatment of the Sample and decision on the batch 

The Sample size n = 14 and the 
are taken from table 9. 

acceptance factor K = 1,31 The tests yield n individual values, of 
Standard devia tion s are calculated. 

which the mean Fand the 

A mean value X 
the quality index 

= 3,04 g/cm3 results from the tests. Hence Rule governing decision if the high values are unfavourable : 

- calculate ,uG + KPRE s; 
X- Ti 3,04 - 2,98 

Q = - = 
O,M 

= 1,5 0 - if X < (uG + K,,, s, the batch is in conformity; 

Since Q = 1,5 > K = 1,31, it is decided that the batch is in 
conformity. 

- if X > pc + K,,, s, the batch is not in conformity. 

Rule governing decision if the low values are unfavourable : 
The sampling plan used gives the following guarantees : 

- calculate ,uG - KPRE s; 
- for the Producer, the risk of having a batch in which 
4,0 % of the Berns have an apparent density lower than 
2,98 g/cm3, being erroneously declared not to be in confor- 
mity, is equal to 5 %. 

- if X > ,uG - KpRE s, the batch is in conformity; 

- ifx< pG - KpRE s, the batch is not in conformity. 

1) Theoretically, the probability of acceptance depends solely on the ratio A,u/a in which Ap is the differente between the true mean ,u of the batch 
and the guaranteed mean & and o is the true Standard deviation of the particular batch which is subjected to sampling. In other words, two batches 1 
and 2 having different Standard deviations 01 and 02 and differing from & by Apl and Ap2 respectively but such that : 

Ah AP2 -=- 
Ol a2 

will have exactly the same probability of being accepted. T ‘his is the reason 
as a function of (Ap/d. Con 

why the operating characteristic curves show the probability of 
sequently the value of AP for which the probability of acceptance is p tan be calculated only if u 

acceptance 
t is known. 

The use of the Sample Standard deviation s in place of the true Standard deviation o will yield a 
means of table 11 (column 2) showing the relationship of s to u at the confidence level of 95 %. 

lproxima te results which may be interpreted bY 

The operating characteristic 
when n is replaced by n + 

of curves 
2. 

figure 2 illustrated in section 5.3 are approximately valid for the corresponding sampling Plans of this sub-clause 

lt must be remembered, however, when using these curves that, in the ratio Ap 
which, bY definition, is unknown (and only estimated) in the present context. 

/CF, o is the true Standard deviation for the batch being inspected, 
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5.5.4 Producer’s and consumer’s risks 5.62 Characteristic Parameters 

The values for K PRE given in table 4 are based on a producer’s 
risk a = 5 % that a batch, with true mean value p equal to the 
guaranteed mean ,uG, will be rejected by Chance. 

The consumer’s risk /? corresponds to the probability of a 
batch, whose true mean (u differs by Ap from the guaranteed 
mean pG, will be declared to be in conformity. The value of Ap 
which corresponds to ß = 10 % is obtained by multiplying the 

factor - 
t 

Ad 
/ 

of column 3 in table 4 by the true value of 
o ß=lO% 

o for the batch (that is unknown). 

5.5.5 Example 

A 200 t batch is to be inspected for acceptance with respect to 
“apparent density”; a value pc = 3,03 g/cm3 has been agreed 
upon. 

The Standard deviation CJ being 
of section 5.5 must be used. 

unknown, the sampling Plans 

Table 4 indicates a Sample size n = 16 and an acceptance fac- 

tor KPRE = 0,44. 

The tests made on the Sample give an arithmetic means 
X= 3,02 g/cm3 and a Standard deviation s = 0,035 g/cm3. 

This gives ,Um - Kp,, s = 3,03 - 0,44 X 0,035 = 3,015. 

Sincex = 3,02 (3,02 > /JG - Kp,, s) the batch is declared to 
be in conformity. 

The sampling plan used gives the following values : 

- for the Producer, the risk of having a batch in which the 
true mean would be 3,03, accidentally declared not to be in 
conformity, is equal to 5 %; 

- the consumer runs a risk ß = 10 % of having a batch in 
which the true mean would be approximately 
3,03 - 0,78 x 0,035 = 3,00 g/cm3, accidentally declared 
to be in conformity. 

5.6 Single sampling Plans with fixed unilateral 
limit for individual values and an unknown 
Standard deviation 

5.6.1 Field of application 

The Single sampling Plans given in this sub-clause shall be used 
when the Producer and consumer have agreed on a unilateral 
limit value (an upper limit Ts or a lower limit Ti, depending on 
the property being tested) for individual values and the stan- 
dard deviation cannot be regarded as being known but tan be 
estimated from the Sample. 

A Single sampling plan is characterised by the Sample size n and 
the acceptance factor K; these Parameters shall be obtained 
from table 10 according to the AQL agreed upon. 

5.6.3 Treatment of the Sample and decision on the batch 

The tests yield n individual values, of which the arithmetic 
mea n X-and the Standard deviation s are first calculated. The 
quality index of the Sample is then calculated. 

Y = 

or 

c - s 

Y 
,~- - -ri 

= -~-- 
s 

Rufe governing the decision : 

If Q > K, the batch is declared to be in conformity; 

If Q < K, the batch is declared to be not in conformity. 

5.6.4 Producer’s and consumer’s risks 

The AQL and LQ values in table 10 are the same as those in 
table 9. 

‘The producer’s risk that corresponds to each AQL is approx- 
imately equal to 5 %. The consumer’s risk which corresponds 
to each LQ is approximately equal to 10 %. This approximation 
is sufficient for practical purposes but it becomes less satisfac- 
tory when the Sample size is less than 15. The sampling Plans of 
this sub-clause are therefore practically equivalent to those of 
5.4 with respect to their operating characteristic curves when 
they have the same AQL and same LQ. 

5.6.5 Example 

At 200 t batch is to be inspected for acceptance in respect of 
“porosi ty”. An upper limit for the individual values of 

Ts = 20,7 %, and an AQL = 4 % have been agreed upon. 
Since the Standard deviation a is unknown, it is necessary to 
use the sampling Plans of 5.6. The Sample size n = 26 and the 
acceptance factor K = 1,31 are obtained from table 10. 

The tests on the Sample give an arithmetic mean X = 19,0 % 
and a Standard deviation s = 0,9 %. The quality index is ob- 
tained from these values : 

Ts -x 20,7 - 19,0 
Q = - = - 1,89 

S 0,9 - 

Since Q= 1,89>K= 1,31, the result is a decision to 
declare the batch to be in conformity. 
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The sampling plan used gives the following guarantees : b) number and reference-.marking of the batches;,’ 

<- to the Producer, that there exists a risk of 5 % that a 
batch containing 4 % of units with porosity in excess of 

c) date and place of sampling; 

20,7 % will be declared not to be in conformity; 
d) name of Sampler; 

- to the consumer, that there exists a risk ß = 10 % that 
a batch containing 16,6 % of units with porosity in excess 
of 20,7 % will be declared to be in conformity. 

e) number and identification of the samples intended for 
destructive tests, with. an indication of the formats; 

6 Report on sampling 
f) sampling plan; 

The report on sampling shall contain the following informa- 
tion : 

g) values indicated by the supplier for the statistical in- 
spection (both for non-destructive and destructive tests); 

a) names of Producer and consumer; h) all the results obtained from the non-destructive tests. 

Table 10 - Single sampling Plans with a unilateral limit fixed for the individual values and an unknown Standard deviation’ 

AQL = 4,0 % ---. -. 
Sample l 

.-.-.. 

/ 7 

-_. ._ 

size h LQ 

AQL = 6,5 % I AQL = 1,5 % I AQL = 2,5 % 
Total mass 
of batch*) 

t ---qqT / ye / K’ 1 ,;th Sample 
size 

n 
K LQ 

4 / 5 l 6 7 / 8 I 9 10 I 11 I 12 13 1 2 3 

1,35 1,14 
1,~ 1,29 8 
1,65 LU 14 
1,73 1,52 22 
1,78, 1,57 29 
1,82 1,61 37 
1,85 Im 44 

1) Th& table is suitable for unit masses limited to 35 kg. In the case of unit masses greater than 35 kg, the Sample mass is to be agreed upon by the 
contracting Parties. 

8 
13 
24 
35 
47 
58 
70 

23,9 
16,4 
IO,7 
82 
69 
61 
5,5 

7 
11 

20 
30 
40 ' 

51 
61 

30,9 

z2 
15,0 
11,9 
IO,2 

%O 
82 

6 
9 

18 
26 
35 
44 
53 

0,93 
1,08 
1,23 
1,31 
1,36 
1,40 
1,43 

38,6 
28,9 
20,5 
16,6 

~ 14,5 
12,9 
11,9 

5 0,69 
OB 
0,99 
1,07 
1,13 
1,16 
1,19 

48,0 
37,6 
27,9 
23,4 
20,4 
18,7 
-I7,4 

1 
10 

100 
200 
300 
400 
500 

2) This column is given only as a guide. 
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Annex A 

Determination of the arithmetic mean 
and Standard deviation of a production 

From time to time, the manufacturer shall determine the 
arithmetic mean ,u and the Standard deviation o of his produc- 
tion, in respect of all the major characteristic properties. 

The determinations shall be carried out with a frequency such 
that variations in ,u and CJ are known as quickly as possible. For 
the purpose of fixing the intervals in time between successive 
determinations, the following must be taken into account : 

a) changes in raw materials; 

b) preparation; 

c) the method of casting; 

d) variations in firing conditions. 

lt is recommended that the intervals should not exceed 
1 month. 

The arithmetic means X and the Standard deviation s are 
calculated from the n measurement results obtained from the 
tests. 

With Fand s, the confidence interval of the population mean is 
obtained, on the level 1 - a : 

x- t (n - 1; 1- am -!- G p g 2 + $1 - 1. 1 - Q/2) s 
Al- 

, 
n d-- n 

and the confidence interval for the Standard deviation o of the 
population is obtained by : 

sKu < 0 < SK, 

The values of t(, 2 
- d2)’ Gz - 

2 
- 1; 1 1; d2)’ GI - 1; a/2)’ KU 

and KO may be found for example in ([Zl, [291, [361, 1371, PU). 

The confidence intervals of ,u and o are given in table 11 for a 
confidence level of 95 % and for a few values of n. 

The greater the Sample size n, the narrower is the confidence 
interval, i.e., the more precise is the knowledge of p and o. 

lt is therefore necessary to weigh the tost of the tests against 
the precision desired, for the purpose of choosing the Sample 
size n : it ought not to be lower than H = 25. 

Determination of the confidence interval of ,u and a is also 
recommended in the case of quality characteristics of pieces for 
which no acceptance tests is carried out on grounds of tost. 

Table 11 - Confidence interval of ,u and a 
for different Sample sizes n 

Sample Confidence interval 
Confidence interval 

size of the mean 
of the Standard 

n = 95 % 
deviation 
= 95 ,% 

2 x- 8,99s Q ,u Q X+ 8,99s 0,446s < a < 31,913 

5 x- 1,24s Q p < X+ 1,24s O,!j99s < cr < 2,875 

10 x- 0,72s 4 ,u Q X+ 0,72s 0,688s < a < 1,83s 

15 x- 0,55s Q ,u a X+ 0,55s 0,732s G CJ G 1,58s 

20 ~-0,47s<p~~+0,47~0,76Os~a< 1,46s 

25 x- 0,41 s Q ,u Q X+ 0,41 s 0,781 s G o < 1,39s 

30 x- 0,37 s Q p < x+ 0,37 s 0,796 s < a G 1,34s 

40 x- 0,32s < p G X+ 0,32s 0,819s < o G 1,28s 

50 x- 0,28s Q ,u < X+ 0,28s 0,835s < CT < 1,25s 

where 

d 
n-l 

K. = 
2 &z - 1; a/2) 
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