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1. INTRODUCTION

The use of concrete families for the production and conformity control of concrete is well established in
many parts of Europe. In some CEN Member States it has been used for over a decade. The exact
ways in which the concrete family systems are applied varies widely and they reflect iocal conditions
and needs. The ready-mixed concrete industry have, in general, pioneered these developments, but
the systems are equally applicable to site made concrete and concrete for use in precast elements.

1.1 Introduction to production control -
In production control, samples are taken at random from the production and tested for the relevant
properties to confirm that the control of constituent materials, plant, batching etc. is working as
expected. These data are analysed for significant, real changes in properties. By combining these
data into concrete families, changes in concrete quality can be detected more rapidly and
consequently, appropriate action can be taken more rapidly.

The concrete family system when used for production control does not rely on any particular control
system. It is applicable to the most basic systems e.g. strength/ date charts as well as to the most
sophisticated computer based systems. Production control is solely the responsibility of the concrete
producer and therefore the size and contents of any family used for production control should be the
producers choice. However, the producer is warned that by attempting to include concretes with
unreliable relationships to the Reference Concrete, production control will be much more difficult and
the standard deviation will increase significantly.

1.2 Introduction to conformity control
The 28-day compressive strength and other test data used for production control may also be used for
conformity control. All the test datajobtained during an assessmernt period is/checked for conformity to
the conformity criteria given in the concrete standard e.g. EN 206-1: Concrete - Part 1: Specification,
performance, production and conformity/[1].(As thel systemtof icdnformity control, which is operated by
the producer, must have the full confidence of users and purchasers, the concrete family used for
conformity control must be based on consensus.

The CEN Member States with the more complex.and sophisticated concrete family systems arrived at
these over time by developing confidence in smaller families. "EN 206-1 has taken a pragmatic
approach to families in that it sets the principles for family membership and then introduces a check to
verify that all the individual concretes belong to the family. ;

It should be noted that the family system in EN 206-1 requires every single result to be checked
against the individual criterion of 5 > 4 - 4 i.e. criterion 2 in 8.2.1.3 of EN 206-1.

An essential element in maintaining the confidence and credibility of the concrete family system is that
the system, the relationships between members of the family and the functioning of the system are
approved and regularly audited by a third party certification body that has expertise in concrete
technology and production. For site made concrete where there is no third party involvement, the
second party should take on this role using personnel with appropriate experience and expertise.

1.3 EN 206-1
The provisions for concrete families in EN 206-1: Concrete - Part 1: Specification, performance,
production and conformity [1] were developed over a number of years. They are a consensus on what
represents effective and practical conformity control for a famity of concretes. EN 206-1 defines and
delimits the concept of concrete families and permits their use for the production and conformity
control of concrete. Concretes may be grouped into families and the relationships between members
within a family have to be established by initial testing, existing production data and/or theory. Results
of tests on samples taken at random within a family are pooled for production control purposes by
converting them to equivalent values of the Reference Concrete. Control of the Reference Concrete is
a strong indication that all members of the family are under control.

EN 206-1 defines a concrete family as a group of concrete compositions for which a reliable
relationship between relevant properties is established and documented. Guidance on the selection of
a family is given in Annex J. High strength concrete is excluded from the family concept for conformity
control and high strength is defined as > C55/67 or > LC55/60. Lightweight concretes cannot be
included into a family with normalweight concretes, but they may form their own family.
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Clause 8 of EN 206-1 contains detailed provisions for the conformity of concrete families. The
background to these provisions is given in section 4 of this report.

1.4 General

2.1

Examples of the application of concrete families to production and conformity control are given in
Appendix A.

EN 206-1 defines how the concrete family system is to be applied for conformity assessment. This
report provides details of the application of these requirements using a number of examples. Worked
examples 1, 4 and 5 are based on concrete families currently in use. They use real production data
obtained during the assessment period. For simplicity and consistency, conformity is assessed against
the EN 206-1 conformity criteria, but it has to be recognised that the concrete data used in the
examples were required to conform to other criteria which may have been less or more severe.
Example 2 gives the principles of the concrete family system used for designed concrete product
conformity in the Netherlands. Example 3 illustrates why a confirmation criterion has been introduced
for family members. It shows the condition where a single family member is not in conformity and the
evidence from production control has been ignored. This example uses simulated data to illustrate this
situation.

The extent to which the concrete family system is of benefit will depend on the particular
circumstances. Where large volumes of a few concretes are produced, the concrete family system is
unlikely to be as effective as separate control systems for each concrete. However, as the number of
concretes produced at a given plant increases, the concrete family system becomes a viable option
and, where the number of different concretes produced is very high, some form of concrete family
becomes essential.

Another factor is the cost of testing. Clause 8.1 of EN'206-1 permits sampling to be taken at the
concrete plant provided the concrete properties, andicomiposition,does not change significantly
between the point of sampling and'the place of delivery. Sampling and testing at a concrete plant
makes it easier to obtain sufficient samples to make separate conformity control systems viable, whilst
testing at the point of delivery (i.e. the site)makes it more'difficult and expensive to obtain sufficient
samples for separatéicontrol systems.

As a general guide, if sufficient test data can be obtained for each concrete within, say, 3 to 4 months,
a separate conformity control system for each concrete is likely to be the more economic solution. In
other circumstances, some form of concrete family is likely to be more cost effective.

In all cases, combining data into families in the production control system will reduce the time taken
before a significant change in quality is detected.

Combinations of control systems for single concretes and concrete families are possible.

. BACKGROUND

The concrete family system uses traditional concepts in the control of concrete. This section
summarises some of these concepts.

Uncertainty :

Concrete is designed to achieve specified requirements with a high level of probability. If data for
design are scarce, a larger margin is applied to ensure conformity. As more data are generated the
margin reduces. This concept is incorporated in Table 14 of EN 206-1 in that a different margin is
required between initial and continuous production. Varying the margin is achieved in practice by vary-
ing the water/cement ratio.

The concrete family system extends this concept of increasing the margin to situations where the
correlation between relationships may be less precise and to where data from a special concrete is
scarce. This covers the practical situation where a producer is asked to supply an unusual concrete at
short notice. He designs a concrete that errs on the side of safety, i.e. with an increased margin.
These concretes are assessed individually for conformity.
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Whilst test data from these concretes is used for conformity assessment, due to the uncertainty of the
margin, including these data in the production control system may lead to false indications of changes
in quality. It is therefore normal and prudent to exclude such data from the production control system.

Variability of test data
Test data will vary randomly and systematically due to
inherent test variation;
environmental conditions i.e. in controlling the initial concrete temperature;
production and plant factors;
materials quality variations. .

Production control of concrete is concerned with distinguishing significant, real changes in concrete
quality from differences due to random variability.

Systematic changes in concrete quality

Systematic changes in the quality of a constituent material will affect the quality of all concretes made
with that material. In the concrete family system such changes are rapidly detected by changes to the
Reference Concrete. Once a significant change is detected, all concretes in the family are adjusted
using known or established relationships between members of the family and the Reference Concrete.

A systematic error in the operation of the plant will also be reflected by a ¢change in the Reference
Concrete. As a temporary measure, all the concretes in the family may be adjusted to protect the
purchasers and users until the cause of the systematic error is identified and corrected.

Speed of response to changes in concrete quality

There is always a delay between the occurrence of a significant change in concrete strength and its
detection by the production control system. To speed.the response of their cantrol systems, many
producers estimate the 28-day strength from 7-day strength using-continually Updated relationships
between 7 and 28-day strengths. Other systems use data obtained-at earlier ages or from test
specimens subject to accelerated curing. It'should be'noted that‘for contormity control only actual 28
day data are used and not predicted values.

The design margin is set at a level so that normal,random and systematicichanges in concrete quality
do not result in non-conformity. Exceptional.changes in the performance of constituent materials
cannot be accommodated in this way. In practice, producers have commercial agreements with their
suppliers to inform them of changes in quality over agreed values. The concrete producer can then
adjust the mix proportions immediately to prevent a non-conformity occurring.

For the same total number of tests, the relatively large number of data for the Reference Concrete
means that the production control system will detect significant, real changes more, rapidly than using
separate concretes. For example, if two concretes were being tested daily and 20 results are needed
to detect a significant, real change, combining these concretes into one family would indicate a
change after 10 days whilst keeping them separate would require 20 days before the change was
detected.

Variability in standard deviation

The relationships between members of the family are normally based on best-fit curves e.g. the
relationship between strength and w/c ratio. Where this relationship is used to transpose data to the
Reference Concrete some data should be slightly higher than the transposed value and others slightly
less. These differences tend to even themselves out and have no significant effect on the mean value.
However pooling data leads to higher standard deviations when the spread in the standard deviations
of the members is not too large. As this is the normal case, the standard deviation of the Reference
Concrete will normally be slightly higher than that calculated for single concretes. In addition to this,
transposition is based on predetermined margins and not the actual difference between the mean
strength achieved for the family member and the mean strength achieved directly for the Reference
Concrete. The effect of this is to give the pooled data a wider spread and a higher standard deviation,
see Figure 1 and Appendix B. The net resuilt is an increase in the margin and an increased factor of
safety. A decade of experience in the UK of using relatively large families indicates that the standard
deviation of a family is typically 0,5 to 1 MPa higher than that calculated for individual concretes i.e. a
typical family standard deviation would be in the range 4 to 5 MPa.
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Some current systems require the family standard deviation to be checked against the standard
deviation calculated from the last defined number of strength results e.g. the last 12 results, and if this
differs significantly from the current family standard deviation, an adjustment to the family standard
deviation has to be applied. Clause 8.2.1.3 of EN 206-1 has as one of the methods this type of
requirement for conformity control. The alternative is a continual system and either method can be
applied when the concrete family system is used.

The decision by the producer to use a family system or separate concretes for control and design will
depend on the assessment of costs of increased margins against savings in cost of testing for the
same or enhanced level of safety for the consumer. .

Distributions of individual family
members

Distribution of the family

25 30 35 40 45 50

Compressive strength
Figure 1: lllustration of the effect on the normal distribution of combining concretes.

3. THE USE OF CONCRETE FAMILIES IN PRODUCTION CONTROL

3.1 The basic concept
Concretes that can be related to each other are grouped together in families. Each family contains a
Reference Concrete. When a member of the family is tested, the test result is transposed into an
equivalent value of the Reference Concrete. These equivalent values of the Reference Concrete are
used in the production control system [2] and also as part of conformity assessment.

3.2 Principles applicable to all systems
The main principles are:
a) A single Reference Concrete is selected for assessment by the control system.

This Reference Concrete contains the predominantly used cement and aggregates and it is
selected as a concrete that is in the mid-range of the family or the concrete that is produced most
frequently.

b) Relationships are established by initial testing, production data and/or theory to enable results
obtained from one concrete in the family to be transposed to the Reference Concrete.
Transposition factors are routinely monitored and reviewed. Where the concretes in the family are
of one strength class and from one exposure class, transposition is not necessary.

¢) The sampling rate for compressive strength testing applies to the family. The samples should
attempt to cover the whole range of the family, but, obviously, can only be selected from the
concretes being produced at that time.
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Where the sophistication of the family includes members that are not within the production control
system, see 3.5, the sampling rate for production control should be based on those members
within the production control system and then additional samples should be taken from the other
concretes for conformity control purposes only. As it is likely that there will be few test data for
these special concretes, conformity should be based on the criteria 2 and 3 given in EN 206-1.

d) Where applicable, the test data are transposed to equivalent values of the Reference Concrete.

There are various methods for transposing data based on strength, w/c ratio or cement content.
The actual method is not critical as they give similar end results provided the cement content and
w/c ratio are controlled by the structural strength and not minimum cement content or maximum
w/c ratio requirements. The examples illustrate various methods that are in current use.

e) The Reference Concrete is used in the plant’s production control system. Any production control
system can be used.

f)  When the production control system detects a change in quality of the Reference Concrete, all
concretes in the family are adjusted using the established relationships or transposition factors.
This is to protect the users.

The producer then attempts to establish the cause of the change in quality and when this has
been established, he may modify his adjustments accordingly. For example, if the cause of the
change were due to a change in the admixture, only concretes containing the admixture would be
adjusted.

g) Prior to making a change to batch quantities, any requirements for maximum water/cement ratio
and minimum cementicontentiritist be'checkedto ensuirethat they are still satisfied.

h) Both the original test data and theftranspésed-data are usedin the conformity assessment.

3.3 Selecting the family _
When selecting the family for production control, the prodiicer must be able to achieve control over all
the family members. Wihere theresis ittle-experience 6f using' the concreteé family system, the following
is recommended as a suitable starting point for'a basic family:

cement of one type, strength class and source;

demonstrably similar aggregates and type 1 additions;

concretes with or without a water reducing/ plasticizing admixture:
full range of consistence classes:

concretes of a few strength classes.

Concretes containing a Type Il addition i.e. a pozzolanic or latent hydraulic addition, should be put into
a separate family.

Concretes containing high range water reducing/superplasticizing, retarding or air entraining admixture
should be treated as individual concretes or separate families.

To be demonstrably similar, aggregates should be from the same geological origin, be of the same
type e.g. crushed, and have a similar performance in concrete. Whether this is characterised by
having a similar loose bulk density and strength, by its grading or by some other method can be left to
local traditions.

Before using the family concept or extending the basic families given above, it is useful to test the
relationships on previous production data to prove that they give adequate and effective production
control.
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3.4 Satisfying the specification _
EN 206-1 recommends that, for durability purposes, a maximum water/cement ratio, a minimum
cement content and an optional minimum strength class be specified. These requirements may result
in a strength in excess of that specified for structural purposes. Most requirements for the composition
of the concrete e.g. a minimum cement content, can be transposed to a strength requirement.

The strength for the production control of the concrete will be the higher of those needed to satisfy the
specified requirements for strength and durability: .
strength (structural or required for durability);

maximum water/cement ratio;

minimum cement content.

3.5 Coping with specials
Frequently a concrete producer is required to supply a variation of the concretes that are within a
family and the production control system. To design this concrete he uses pre-established ‘
transposition factors related to the Reference Concrete, which includes a higher margin to reflect
uncertainty, see 2.1. It is advantageous to link such concretes to the Reference Concrete, as the
actual batch quantities at the time of production will reflect the latest information on the performance of
the constituent materials and the plant.

For the reasons given in 2.1, test data from these concretes would only be used for conformity control
and not in production control.

4. THE USE OF CONCRETE FAMILIES IN,CONFORMITY. CONTROL

4.1 Procedure for conformity
The use of the concrete family in conformity/control will require-in the European Union conformity to
EN 206-1. The conformity criteria in this standard are based on non-overlapping results, but the
standard permits the producer to use eithernon-overlapping or overlapping results using the same
criteria. As the use of the family concept will ensure sufficienttestdata, itis.recommended that the
assessment of conformity be based on.non-overlapping consecutive compressive strength results.

Prior to the use of the family system, the producer has to develop and document the relationships
between family members (8.2.1.1 and Annex A of EN 206-1). Where there is the involvement of a third
party certification body, these relationships have to be approved (C.2.1 of EN 206-1). These
relationships have to be reviewed on the basis of original compressive strength data every
assessment period and where there are appreciable changes in production conditions (8.2.1.1 of EN
206-1). Where there is the involvement of a third party certification body, this review will be periodically
examined (C.2.2.1 of EN 206-1).

The procedure for determining conformity is given in Figure 2.
The conformity criteria for strength are given in 8.2.1.3 of EN 206-1 and they require:

a) Each original compressive strength test result to conform to criterion 2 in Table 14 of EN 206-1
for the specified strength class. This is identical to the equivalent requirement for conformity of
individual concretes.

b) Each member i.e. each concrete composition, is confirmed as belonging to the family using
criterion 3 in table 15 of EN 206-1. The test is applied to the original test data and it confirms that
the data belong to the specified population (strength class). If these data are transposed into
values of the Reference Concrete, they would have been a non-conforming set, see Figure 3, but
because they comprise so few data may not have led to non-conformity of the Reference Concrete.
Any family member that fails the confirmation criterion is removed from the family and assessed
individually for conformity.
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c) Where more than one strength class is in the family, each compressive strength test resuit
within a family is to be transposed to an equivalent strength value of the Reference Concrete and
the standard deviation is calculated from the transposed results.

At 28 days, is the test result equal or No ‘ Declare the batch or load as
greater than the specified (f,, - 4) y| non-conforming
(Table 14, criterion 2)

Yes

Y

Remove the concrete from the family

For each family member tested, check No and assess as an individual concrete

at each assessment period using
confirmation criterion if the member
belongs to the family

(Table 15, criterion 3)

Yes

At each assessment period, is the mean
strength of all the transposed results
greater than or equal to the characteristic
strength of the Reference Conerete plus )
1,48 x family standard deviation
(Table 14, criterion 1)

Declare the family as non-conforming
No over the assessment period

Yes

Y

Declare the family as conforming
over the assessment period

Figure 2: EN 206-1 procedure for conformity of a concrete family

d) The transposed results for the Reference Concrete shall conform to criterion 1 in Table 14 of
EN 206-1. If sufficient data are available for specific concretes within the family, the producer may
wish to assess these on an individual basis. In this case they are taken out of the family
assessment.

e) The distinction between initial and continuous production given in Table 13 of EN 206-1 to be
based on the number of transposed results.
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Data from concrete family

Number of test results

Transposed
single Single non-conforming
concrete concrete

. Transpositi

>

A

f T T 1

0 20 40 60

Compressive strength

Figure 3: lllustration-of the purpese of the confirmationcriterion

4.2 Assessment of relationships
In addition to the conformity assessment, ateach assessment period, the original results of each
family member shall be inspected to verify.that the relationship with the Reference Concrete and the
design margins is still valid. One way;of doingsthis.is tocalculate; for each family member, the mean
strength for all the original test data taken during the assessment period and check that it is > fy +
1,48c. If it satisfies this criterion, no further action is needed. If it fails this criterion, a more detailed
investigation of the relationship is needed. This should involve the consideration of data from previous
assessment periods and what was happening to the general production when this concrete was
produced. This test is not part of the determination of conformity.

In the examples in Appendix A, the check on relationships is combined with the conformity
assessment and it has been used as a filter for the application of the confirmation criterion. If a
concrete passes the assessment of relationships (a more severe test) then it is deemed to have
satisfied the confirmation test (criterion 3). Only where the data for a particular concrete fails this
assessment of relationships is the confirmation check applied.

Where an inspection or certification body is involved, it is required to check the results of the
conformity assessment by the producer. For site made concrete where there is no third party
involvement, the second party should take on this role.

4.3 Derivation of the confirmation criterion

The basis of the criterion is whether the tested volume of each family member belongs to a population
that fulfils the 5%-fractile requirement.

This is achieved by comparing the mean value of the results of any single concrete X with the mean
value p=f, +1645c of such a population at a 99 % significance level. In this case the hypothesis X
=~ u will be accepted if:

X—u
Meest| = — Jn|<mgge =2.576
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This leads to:
X—p

Jn<2576:

Where X <p (If X >, conformity is achieved without further analysis.)

2,576 o=f, +1,6450 — 2,576 c
Jn N
ZS?G\szﬁ:+An

N 7 ~

X>u-—

izﬁk+@ﬁ45—

With an assumed standard deviation of 6 = 5 MPa, this formula leads to the confirmation criterion in
Table 1. When the actual standard deviation is less than 5 MPa, the confirmation criterion in Table 1 is
more severe than that indicated by the hypothesis. The converse is true when the standard deviation
is greater than 5 MPa.

Table 1: Confirmation criterion

Number. of Confirmation
test results, criterion

n Mean > foy + An,
MPa
>fu-4,0
> fo-/1,0
>f+ 1,0
> fck =+ 2,0
>fu+ 2,5
P fck + 3,0

DO A WLR |~

EN 206-1 does not give requirements for the confirmation ‘¢titerion when there are more than 6 test
results for the family member. In this situation, the following is recommended. When the number of
test results is > 15, apply the criterion: '

Mean of the family member > f + 1,480

When the number of test results is in the range 7 to 14, apply linear interpolation between the
requirement for 6 test results and (f + 1,480).

. DISCUSSION

Where the concrete production is to be controlled using the concept of the concrete family, the
necessary size of the family will depend upon:

the number of types of concrete produced;
the production;

the point of sampling;

the rate of sampling and testing;

the size of any additional margin;

the relative costs of these factors.

What is the most economical solution to one producer may not be the same for another. Permitting
flexibility in the application of the principles of concrete families is important in achieving cost-effective
production. Appendix A contains a number of examples of how the concrete family system is currently
in operation.



6.

N

Page 13
CR 13901:2000

CONCLUSIONS

The concrete family system provides an effective means of controlling a large number of different
concretes. Large families normally have a higher margin due to an increase in the standard deviation.
Special concretes can also be designed and controlled within a family provided there are appropriate
increases in the margin to cope with uncertainty.
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