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Abstract 

The revised EN 206 offers a new method of conformity control for compressive strength. 
This is the use of control charts as an alternative to the ´traditional´ conformity assessment of 
compressive strength.  

In Germany there is no experience with the procedure of using control charts. Therefore a 
case study was carried out by the BTB in parallel with the current conformity control of 
concrete, and practical experiences with using the CUSUM control charts were collected. 

For the case study small, medium and large production ready-mixed plants were selected 
and analyses carried out on individual concretes and concrete families. The study compares 
the method of control charts with the current methods and shows the advantages and limits for 
the practical implementation. The results of the case study shows that the CUSUM control 
charts improve the production and conformity control. 
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1. INTRODUCTION 
The CUSUM method for production and conformity control introduced with the new EN 

206 concrete standard offers a number of advantages provided certain conditions are met. In a 
BTB pilot project, the advantages and limitations of the method have been assessed. 

The introduction of the new EN 206 standard means that another method of conformity 
control for mean strength can now be used in a ready-mixed concrete plant in addition to the 
standard ones. Method B, the individual and mean value criteria can still be used for assessing 
the conformity of the concrete compressive strength. However, besides the usual proofs for 
the mean value criterion of individual concrete types and and families, concrete manufacturers 
can now also use the so-called control chart method. 

2. GRAPHICAL EVALUATION 
The control charts which can be used in accordance with Annex H of the EN 206 are the 

Shewhart method or the CUSUM method. In contrast to the standard methods, these are based 
on a graphical evaluation, with the Shewhart method showing the evaluation of the mean 
value criterion in graphical form. The CUSUM procedure, which is also evaluated 
graphically, refers to the so-called cumulative sums, or CUSUM in short. What is special 
about this method is that it initially serves as an actual control element of production control 
and additionally allows the conformity of the concrete compressive strength to be proven 
without special effort. 
 

 
Figure 1: CUSUM control chart evaluation 
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3. STUDY ASCERTAINS SUITABILITY 
As up until now there has been very little experience with the control chart system in 

Germany, the BTB commissioned a study to initially theoretically compare the "old" and 
"new" methods. The study noted that this method is well suited to improving production 
quality and also rendering it more economical.  

Subsequently, the CUSUM method was investigated within a BTB pilot project for its 
practical pros and cons. The field test was carried out in six small, medium and large ready-
mixed concrete plants. The results of the test show that the CUSUM method is advantageous 
for plants with continuous production. This is because, in addition to "formal" conformity 
control, it also allows more precise production control in terms of efficiency and security. 
 

 
Figure 2: Production quantities of the evaluated concrete families 

4. SYSTEMS WITH 15 TEST RESULTS AS A REFERENCE PERIOD 
In the standard EN 206 it is stated that the reference period can deviate from 35 test results. 

The parameters for the use, for example, of 15 test results as a reference period are described 
in the notes in /1/. 
It has also been studied whether the recording and evaluation of 15 test results is of equal 
value to the system with 35 test results, and therefore plants with continuous production and a 
lower testing frequency can also use CUSUM as proof of conformity. Concrete families with 
a production volume below 8000 m³/year achieve at least 15 test results in three months. 

5. CUSUM, METHOD C, COMPARED WITH EXISTING METHOD B FOR 
CONTINUOUS PRODUCTION 

The majority of the concrete families evaluated at the same time in the pilot project were 
always conforming, and this was also reflected in the CUSUM evaluation. Often with the 
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conforming concrete families the warning lines were crossed by the CUSUM lines (the 
cumulative totals), thereby indicating that a response was required i.e. some action needed to 
be taken in the quality system. These warnings were not discernible in the evaluations of the 
concrete families using method B. In order to compare methods C and B, a concrete family 
was used that according to the current evaluation was conforming. The reference period was 
35 test results, as is now commonly used. The family was evaluated using CUSUM. 
According to the CUSUM evaluation, the family is compliant. The result was the same for the 
concretes with method B. 

6. RESULTS OF THE STUDY 
CUSUM means a restart for conformity control. A rethink is not required because it is a 

graphical analysis. Targeted monitoring of production is possible with CUSUM . CUSUM is 
a sound tool for production control, regardless of whether it is used for conformity control. 
Production trends can be recognised from the CUSUM curve. A sharp rise in the line 
indicates a target strength not corresponding to reality. A CUSUM line fluctuating around 
zero is ideal and reflects very uniform production. Continuously sloping CUSUM lines 
indicate that non-conformity is to be expected, as production is then taking place at a level 
significantly lower than the desired target strength.  

The V-masks of the warning lines often provide an early indication that countermeasures 
need to be initiated. This in turn allows for a quicker response to deviations in production. 
An overlapping evaluation after each test result for production control is used, with the V-
masks from the latest available test result being produced.  

For clarity reasons, the representation of the overlapping evaluation with a reference period 
of 15 test results is broken down into steps of 5 test results. Concrete families and individual 
concretes can be evaluated using the CUSUM method (Method C) in a plant with continuous 
production, and a CUSUM evaluation then issued. This means that production plants with a 
low testing frequency, including and in particular plants with lower annual production 
volumes, can use CUSUM as a compliance system.  

CUSUM allows the manufacturer to set their own reference period for each family or 
individual concrete that is produced continuously. The amount of work involved should be 
considered the same in each case, as use is always made of computer-aided evaluation.  

Monitoring the standard deviation and the mean target value is an important parameter, 
otherwise evaluation with the CUSUM system as proof of conformity is impossible, possibly 
resulting in incorrect conformity statements. If these values alter after evaluation of the 
reference period, they should be amended and a new reference period started. A new 
reference period is reached at the evaluated plants no later than after 3 months. Continuous 
monitoring of production with CUSUM enables production to be both uniform and efficient. 
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