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Sustainable future needs use of existing structures

Refurbishment and change of use lead to recalculation according to current standards

Decisive input variable for concrete is fck and fck,is
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EN 13791:2007 February 2017 EN 13791:2019

! only in Germany !

Generation of Standards – 13791
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Drill core testing
n ≥ 3

3 ≤ n ≤ 14 n ≥ 15

Approach B

fck,is = min ൝
fm n ,is − k

fis,lowest + 4

use: 

Approach A

fck,is = min ൝
fm n ,is − k2 ∙s

fis,lowest + 4

use: 

k2 = 1,48

s ≥ 2 N/mm2

n 3 - 6 7 - 9 10 - 14

k 7 6 5

EN 13791:2007
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Drill core testing

3 ≤ n ≤ 7 n ≥ 8

Section 8.1(7)
V ≤ 10 m3 fck,is= min ൝

fc,m n ,is − kn ∙ s

fc,is,lowest + M

n 8 10 12 16 20 30 ∞

kn 2,00 1,92 1,87 1,81 1,76 1,73 1,64

fc,is,lowest Margin M

[N/mm2] [N/mm2]

≥ 20 4

≥ 20 < 20 3

≥ 20 < 16 2

< 12 1

fck,is = min fc,is,i = fc,is,lowest fck,is = fc,m n ,is =
1

n
∙ ෍

i = 1

n

fc,is,i

Section 8.3       
V ≤ 30 m3

EN 13791:2019

Application criteria: the spread of results is 
not more than 15 % of the mean strength
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Statistical simulation with drill core database of Technical University of Kaiserslautern

n = 3

xcombi=
nges!

n!(nges − n)

→ Creation of all possible combinations 
of 3 cores (partial sample) 
from the total sample

→ Check resilience of procedures for 3 ≤ n ≤ 7

Assessment of EN 13791:2019

Procedure
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fck,is = min fc,is,i = fc,is,lowest

Application criteria: the spread of results is 
not more than 15 % of the mean strength

V ≤ 10 m3

R ≤ 0,15 ∙ fcm(n),is

Assessment of EN 13791:2019 – 8.1(7)
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Building A (V ≤ 10 m3)

nges = 22; vx =  0,21

Characteristic in-situ compressive strength 
according to DIN EN 1990:2010 - ND use nges:

22,02 N/mm2

Characteristic in-situ compressive strength 
according to DIN EN 1990:2010 - LND use nges:

23,53 N/mm2

Example Structure

Assessment of EN 13791:2019 – 8.1(7)



a) Determination of all possible characteristic in-situ concrete compressive strengths, n = 3

b) Verification of the application criterion with regard to its effectiveness 

→ Valid and invalid results

c) Verification of the influence of the volume limitation to V ≤ 10 m3

d) Checking the influence of the sample size – Increasing the sample size to n = 4 and n = 5

e) Comparison of the possible characteristic in-situ concrete compressive strengths according to
8.1(7) and n = 3 with the possible characteristic in-situ concrete compressive strengths 

according to:

- DIN EN 13791:2008 und n = 3 

- DIN EN 13791/A20:2017 und n = 3 
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Procedure

Assessment of EN 13791:2019 – 8.1(7)
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Procedure

Assessment of EN 13791:2019 – 8.1(7)
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Procedure

Assessment of EN 13791:2019 – 8.1(7)
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Building A

n = 3 nges = 22 xcombi = 1540 xvalid = 517 xinvalid = 1023 vx = 0,21

97 %

Resilience of EN 13791:2019 – 8.1(7)

Results



Characteristic Compressive 
Strength / Glock & Sefrin

JCSS Workshop on Assessment of Existing 
Structures 28th & 29th January 2021

15

Building A

n = 3 nges = 22 xcombi = 1540 xvalid = 517 xinvalid = 1023 vx = 0,21

97 %

The application criterion does not ensure that the results with the 
largest percentage deviation from the ''real'' ch. in-situ concrete compressive strength 

are not sorted out!

The larger the coefficient of variation of the population vx, 
the fewer valid results are available

Resilience of EN 13791:2019 – 8.1(7)

Results
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Procedure

Assessment of EN 13791:2019 – 8.1(7)
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Building A

Resilience of EN 13791:2019 – 8.1(7)

Results



- Evaluation according to section 8.1(7) usually results in an overestimation 
of fck,is,NV,nges

→ No minimum spreading dimension is required

→ Results with largest deviation to fck,is,NV,nges are not sorted out

→ Application criteria partially sorts out combinations 
with "normal" coefficients of variation 
for existing structures 

→ Spread is not a robust estimator
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Resilience of EN 13791:2019 – 8.1(7)

Conclusion



- Significant overestimation of the "real" characteristic in-situ concrete compressive 
strength by evaluation with Section 8.1(7)
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The degree of overestimation is comparable to 
that of Approach B according to DIN EN 

13791:2008

The degree of overestimation is not reduced 
by new  regulations for small sample sizes

Resilience of EN 13791:2019 – 8.1(7)

Conclusion



- Current recommendation: 
Evaluation with DIN EN 13791/A20:2017

or….

- Adaptation of the application criteria 

→ Use robust estimator

→ Introduction of a minimum 
value criteria, 
e.g. coefficient of variation 
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Resilience of EN 13791:2019 – 8.1(7)

Conclusion
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More Information

Titel: 
Ermittlung der charakteristischen 
Betondruckfestigkeit von Bestandstragwerken nach 
DIN EN 13791:2020 für geringe Stichprobenumfänge

Autors:
Sefrin, R.; Glock, C.; Schwabach, E.

Journal:
Beton- und Stahlbetonbau 116, Heft 1, 2021, 
Berlin: Ernst & Sohn, 2021. S. 35-44

Link:

https://doi.org/10.1002/best.202000041

https://doi.org/10.1002/best.202000041
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