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1 Introduction and Important Contacts

In the year 2023, the Proficiency Testing Provider at the SZK FAST (PT Provider) initiated the Proficiency
Testing Program (PTP) designated ZZP 2023/1 whose aim was to verify and assess the conformity of test
results across laboratories when testing masonry units.

The assessment of the results of the Proficiency Testing Program was carried out by a committee
consisting of the following PT Provider employees:

Head of the PT Provider, PTP coordinator Coordinator of PTP result assessment PrZZ
Assoc. Prof. Tomas Vymazal, Ph.D. Ing. Petr Misak, Ph.D.

Brno University of Technology Brno University of Technology

Faculty of Civil Engineering Faculty of Civil Engineering

Institute of Building Testing Institute of Building Testing

Veveri 95, Brno 602 00 Veveri 95, Brno 602 00

Czech Republic Czech Republic

Tel.: +420 603 313 337 Tel.: +420 774 980 255

Email: Tomas.Vymazal@vutbr.cz Email: Petr.Misak@vutbr.cz

The subjects of proficiency testing were the following testing procedures:

1. EN 772-1 - Compressive strength [[1].
. EN 772-3 - Net volume and percentage of voids of clay masonry units by hydrostatic weighing [2].
. EN 772-6 - Bending tensile strength of aggregate concrete masonry units [3].

. EN 772-7 - Water absorption of clay masonry damp proof course units by boiling in water [4].

. EN 772-11 - Water absorption [6].
. EN 772-13 - Dry density of masonry units [7].

2

3

4

5. EN 772-10 - Moisture content [5].

6

7

8. EN 15435 - part 4.9.3, Appendix B - Flexural strength of side shutters [8].
9

. EN 15435 - part 5.2 - Density [8].

Testing procedures No 2, 3,4, 5, 6, 8 and 9 were not open due to low number of participants.

The specimens were taken from the same production with the same production date. The test results
from individual PTP participants were compared via a method involving the statistical analysis of all their
results in @ manner complying with ISO 5725-2 [9] and with EN ISO/IEC 17043 [[10]. The outcome is
the present final report summarizing the results of the interlaboratory comparison, including statistical
evaluation.

13 laboratories from Europe took part in the program. In order to maintain the anonymity of the PTP,
each laboratory was given an identification number that will be used henceforth in this document. An
integral part of the present final report is a Certificate of Participation in the Proficiency Testing Program.
It is unique for each participant and includes the participant’s ID used in this report. The following chart
shows the participation of laboratories in individual parts of the PTP.



Table 1: Participation of individual laboratories in the PTP (tests designated according to part 1)

ID/Method

df7761
e8fcbd
405311
65eabe
982072
f46489
7e42fa
9cbdea
014ec5
025ea0
65de30
4f98a3
f69f8c

Table 2: List of participants (laboratories) - the order in the table does not correspond to the identification

number in Table 1

Laboratory
BEST, a.s.

BHP Laboratories

Camillo Sitte Versuchsanstalt flr
Bautechnik

QUALIFORM SLOVAKIA s.r.o.

Solidbase Laboratory Limited

TzUS Praha, s.p. - pobotka Ceské
Budéjovice

Technicky a zkuSebni Ustav Praha,
s.p. Centralni laboratoF, zkuSebna
0500 Pfedmérice nad Labem
Technicky a zkuSebni Ustav stavebni
Praha, s. p., Centralni laborator -
zkusebna Brno

Technicky a zkuSebni Ustav stavebni
Praha, s.p.

Technicky a zkuSebni Ustav stavebni
Praha, s.p.

Technicky a zkuSebni Ustav stavebni
Praha, sp - Pobocka Plzen

Vysoké uceni technické v Brng,
Fakulta stavebni, ZkuSebni laborator
pFi UTHD FAST VUT v Brné

EMI Epitéstigyi Minéségellendrzd
Innovaciés Nonprofit Kft.

> =
X N

X X X X X X 1
X X X X X

X X
X X X

>
>

Address

Rybnice 148, Kazné&jov, 331 51, Ceska
republika

New Road Enterprise Center, Unit 4,
New Road, Thomondgate, Limerick,
V94P9X4, Limerick/ Ireland
LeberstralRe 4c, Vienna, 1030, Austria
Pasienkova 9D, Bratislava, 82106,
Slovenska republika

Tal-Handaq Industrial Estate, N/S in
Handaq Road, Qormi, QRM 4000,
Malta

Nemanicka 8/411, Ceské Bud&jovice,
37010, Ceska republika

Primyslova 283, Predméfice nad
Labem, 503 02, Ceskéa republika

Ijnévkovského 77, Brno, 617 00,
Ceska republika

U Studia 14, Ostrava - Zabreh, 70030,
Ceska republika

Prosecka 76a, Praha 9, 190 00, Ceska
republika

Zahradni 15, Plzen, 326 00, Ceska
republika

Vevefi 331/95, Brno, 60200, Ceska
republika

Do6zsa Gyorgy ut 26, Szentendre,
2000, Magyarorszag

Accreditation number
1739

5T

0046

S-301

1018.3

1018.3

1018.3

1018.7

1018.3

1018.3

L1396

NAH-1-1011/2023/K
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2 Procedures used in the Statistical Analysis of Laboratory Results

The statistical analysis is based on the following steps:

1.

Evaluation of intralaboratory variabilities by Cochran’s C test: If 5% or 1% critical value is exceeded,
the effect of the individual observations is first considered. If the results indicate that high participant
variability is caused by a single observation, this value is excluded from the experiment, but the
participant is not excluded as outlying. By overcoming 1% of the critical value, the participant's
results can be marked as outlying and excluded from the experiment.

The numerical critical evaluation of the test results using Grubbs' test: By overcoming 1% critical
value, the participant’s results can be marked as outlying and excluded from the experiment.

. Graphical determination of the consistency of laboratories (Mandel's statistics): The exceedance

of the critical values of Mandel's statistics does not indicate that the results of the laboratories
concerned are wrong; it only suggests minor inconsistencies.

. Evaluation of descriptive statistics and, if possible, taking into account the number of observations,

the repeatability and reproducibility.

. Evaluation of the assigned value.

. The performance evaluation: The most significant outcome of the PT Program is the so-called z-score

and ¢-score (zeta-score).These characteristics assess the performance of individual participants by
comparing it with the assigned value and measurement uncertainties. z-score and (-score are
compared with limit values. The resulting ¢-score values are not taken into account during the final
evaluation of the performance of participants as they are to a considerable degree dependent on
the values of the measurement uncertainties of the assessed institutions.

Procedures used in the statistical analysis of proficiency testing programs can be found here:
http://ptprovider.cz/?lang=en.


http://ptprovider.cz/?lang=en

3 Conclusions of the Statistical Analysis

The present report summarizes the results of the Proficiency Testing Program Masonry Units Testing (PT
Program) organized by the PT Provider at the SZK FAST. 13 participants (laboratories) took part in the PT
Program. The program focused on ordinary standardized testing of masonry units. The test results are
evaluated separately for each testing procedure examined. An evaluation of statistical characteristics is
included in the Appendix, as well as test results and graphic presentations. Testing methods can be found
in part E| of this report.

Table 4: Evaluation of overall performance and outliers.
v - satisfactory performance; || - questionable performance; u - unsatisfactory performance;

.—outlier;
ID/Method il @ B M B B 7 B 8§
v

df7761
e8fcbd - - - - - e e
405311
65eabe
982072
f46489
7ed2fa
9cbdea
014ec5 - - - - - - -
025ea0
65de30
4f98a3 - - - - -
f69f8c oo - - e e

RN NN AN
«\l
SNEENEEN

ANEEN
SENEEN
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1 Appendix — EN 772-1 (Compressive strength)

11 Testresults

Table 4: Test results - ordered by average value. Outliers
are marked by red color. ux - extended uncertainty of
measurement; x - average value; s, - sample standard
deviation; Vx - variation coefficient

ID Test results ux X So Vix
[N/mm?2] IN/mm?2]  [N/mm?] [N/mm?3] [%]
f46489 10.4 10.9 15.0 - - - - 12.1 2.52 20.86
982072 149 14.0 124 127 126 123 0.5 13.1 1.08 8.21
405311 131 13.2 13.8 13.7 134 135 0.1 134 0.27 2.04
7e42fa  13.7 139 135 150 13.8 14.0 0.2 14.0 0.53 3.77
df7761 144 139 129 145 16.7 14.0 14.4 14.4 1.26 8.76
65eabe 153 152 152 139 13.7 147 2.0 14.7 0.71 4.81
f6eof8c 14.8 15.8 14.7 146 144 14.6 0.9 14.8 0.5 3.37
65de30 16.0 169 140 14.1 139 144 1.0 14.9 1.26 8.45
025ea0 15.2 156 146 152 159 158 0.9 15.4 0.48 3.14
9cbdea 154 151 16.9 16.1 21.7 20.8 1.0 17.7 2.86 16.18

1.2 The Numerical Procedure for Determining Outliers
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Figure 1: Cochran'’s test - sample standard deviations
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Figure 2: Grubbs’ test - average values
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Figure 3: Intralaboratory Consistency Statistic



ZZP 20231 Appendix — EN 772-1 (Compressive strength)
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Figure 4: Interlaboratory Consistency Statistic

14 Descriptive statistics
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Figure 5: Histogram of all test results
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Table 5: Descriptive statistics

Characteristics [N/mm?]
Average value - x 14.4
Sample standard deviation - s 1.49
Asigned value - x* 14.5
Robust standard deviation - s* 1.61
Measurement uncertainty of asigned value - ux 0.58
p-value of normality test 1.0 []
Interlaboratory standard deviation - s, 1.37
Repeatability standard deviation - s, 1.42
Reproducibility standard deviation - sg 1.98
Repeatability - r 4.0
Reproducibility - R 55

1.5 Evaluation of Performance Statistics
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Figure 6: Average values and sample standard deviations
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C-score [-]

[ === (-score =2/-2

— (-score =3 /-3

- Questionable performance

Figure 9: (-score

Table 6: z-score and ¢-score

ID
46489
982072
405311
7e42fa
df7761
65eabe
f69f8c
65de30
025ea0
9cbdea

z-score [-] (-score [-]

-1.51
-0.86
-0.68
-0.34
-0.09
0.08
0.17
0.21

0.53
1.94

-1.82
-1.84
-0.92
-0.01
0.06
0.26
0.3
0.8
2.71




ZZP 20231 Appendix — EN 772-11 (Water absorption)

2 Appendix — EN 772-3 (Net volume and percentage of voids of clay masonry
units by hydrostatic weighing)

This part of PT program was not open due to the low number of participants.

3 Appendix—EN772-6 (Bending tensile strength of aggregate concrete masonry
units)

This part of PT program was not open due to the low number of participants.

4 Appendix - EN 772-7 (Water absorption of clay masonry damp proof course
units by boiling in water)

This part of PT program was not open due to the low number of participants.

5 Appendix — EN 772-10 (Moisture content)

This part of PT program was not open due to the low number of participants.

6 Appendix — EN 772-11 (Water absorption)

6.0.1 Testresults

Table 7: Test results - ordered by average value. Outliers
are marked by red color. ux - extended uncertainty of

measurement; x - average value; s, - sample standard
deviation; Vx - variation coefficient

ID Test results ux X So Vix
[N/mm?] IN/mm?2] [N/mm?2] [N/mm?3] [%]
f46489 10.4 109 15.0 - - - - 12.1 2.52 20.86
982072 149 14.0 124 127 126 123 0.5 13.1 1.08 8.21
405311 13.1 132 13.8 13.7 134 135 0.1 13.4 0.27 2.04
7e42fa  13.7 139 13,5 15.0 13.8 14.0 0.2 14.0 0.53 3.77
df7761 144 139 129 145 16.7 14.0 14.4 14.4 1.26 8.76
65eabe 153 152 152 139 13.7 14.7 2.0 14.7 0.71 4.81
f69f8c  14.8 15.8 147 146 14.4 146 0.9 14.8 0.5 3.37
65de30 16.0 169 14.0 141 139 144 1.0 14.9 1.26 8.45
025ea0 15.2 156 146 152 159 15.8 0.9 15.4 0.48 3.14
9cbdea 154 15.1 169 16.1 21.7 20.8 1.0 17.7 2.86 16.18
Proficiency Testing Provider at the SZK FAST | Z 7008 14/83

Brno University of Technology | Faculty of Civil Engineering | Departement of Building Testing
Vevefi 331/95 | 602 00 Brno | Czech Republic
szk.fce.vutbr.cz | ptprovider.cz



6.0.2 The Numerical Procedure for Determining Outliers
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Figure 10: Cochran's test - sample standard deviations
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Figure 11: Grubbs’ test - average values



6.0.3 Mandel's Statistics
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Figure 12: Intralaboratory Consistency Statistic
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Figure 13: Interlaboratory Consistency Statistic




6.0.4 Descriptive statistics
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Figure 14: Histogram of all test results
Table 8: Descriptive statistics

Characteristics [N/mm?]
Average value - x 14.4
Sample standard deviation - s 1.49
Asigned value - x* 14.5
Robust standard deviation - s* 1.61
Measurement uncertainty of asigned value - ux 0.58
p-value of normality test 1.0 [-]
Interlaboratory standard deviation - s; 1.37
Repeatability standard deviation - s, 1.42
Reproducibility standard deviation - sg 1.98
Repeatability - r 4.0
Reproducibility - R 5.5




6.0.5 Evaluation of Performance Statistics
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Figure 15: Average values and sample standard deviations
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Figure 16: Average values and extended uncertainties of measurement
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Figure 17: z-score
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Figure 18: (-score



Table 9: z-score and ¢-score

ID
46489
982072
405311
7e42fa
df7761
65eabe
f69f8¢
65de30
025ea0
9cbhdea

z-score [-]
-1.51
-0.86
-0.68
-0.34
-0.09
0.08
0.17
0.21
0.53
1.94

¢-score [-]
-1.82
-1.84
-0.92
-0.01
0.06
0.26
0.3
0.8
2.71



7 Appendix — EN 772-13 (Dry density of masonry units)

71 Net dry density of masonry units
7.2 Testresults

Table 10: Test results - ordered by average value. Outliers
are marked by red color. ux - extended uncertainty of
measurement; x - average value; s, - sample standard
deviation; Vx - variation coefficient

ID Test results ux X So Vix
[kg/mm?3] [kg/mm3] [kg/mm3] [kg/mm3] [%]

65eabe 1600 1620 1620 1610 1620 1600 30 1612 9.8 0.61
405311 1667 1642 1673 1626 1616 1678 11 1650 26.1 1.58
65de30 1680 1680 1680 1670 1680 1680 10 1678 4.1 0.24
7e42fa 1680 1690 1660 1700 1690 1680 4 1683 13.7 0.81
4f98a3 1690 1680 1680 1690 1680 1690 10 1685 55 0.33
982072 1694 1668 1691 1698 1692 1670 20 1686 13.0 0.77
df7761 1670 1680 1680 1700 1720 1680 - 1688 18.3 1.09
025ea0 1710 1700 1720 1710 1710 1700 14 1708 7.5 0.44

7.3 The Numerical Procedure for Determining Outliers
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Figure 19: Cochran's test - sample standard deviations
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Figure 20: Grubbs’ test - average values
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Figure 21: Intralaboratory Consistency Statistic
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Figure 22: Interlaboratory Consistency Statistic

7.5 Descriptive statistics
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Figure 23: Histogram of all test results
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[kg/m?3]

Table 11: Descriptive statistics

Characteristics [kg/mm?3]
Average value - x 1674
Sample standard deviation - s 29.7
Asigned value - x* 1674
Robust standard deviation - s* 29.7
Measurement uncertainty of asigned value - ux 10.5
p-value of normality test 0.0 [-]
Interlaboratory standard deviation - s, 29.2
Repeatability standard deviation - s, 14.0
Reproducibility standard deviation - sg 32.4
Repeatability - r 39
Reproducibility - R 91

Evaluation of Performance Statistics
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Figure 24: Average values and sample standard deviations
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Figure 25: Average values and extended uncertainties of measurement
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Figure 26: z-score
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Figure 27: {-score

Table 12: z-score and (-score

ID z-score [-] (-score [-]
65eabe -2.09 -1.96
405311 -0.79 -1.57
65de30 0.15 0.31
7e42fa 0.32 0.83
4f98a3 0.37 0.77
982072 0.39 0.52
df7761 0.49 -
025ea0 1.16 2.0



7.7 Gross dry density of masonry units

771 Testresults

Table 13: Test results - ordered by average value. Outliers
are marked by red color. ux - extended uncertainty of
measurement; x - average value; s, - sample standard
deviation; Vx - variation coefficient

ID Test results ux X So Vix

[kg/mm3] [kg/mm3]  [kg/mm3] [kg/mm3] [%]
982072 751 751 750 757 751 751 10 752 2.7 0.36
65eabe 755 760 755 755 760 755 20 757 2.6 0.34
4f98a3 755 755 755 760 760 760 5 758 2.7 0.36
df7761 750 755 755 760 770 760 - 758 6.8 0.9
65de30 760 760 760 755 760 760 5 759 2.0 0.27
7e42fa 760 760 755 770 765 765 6 762 5.2 0.69

f46489 760 760 770 @ - - - - 763 5.8 0.76
025ea0 765 770 760 765 765 770 766 3.8 0.49
405311 776 776 777 780 776 777 777 1.5 0.2

-

7.7.2 The Numerical Procedure for Determining Outliers
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Figure 28: Cochran's test - sample standard deviations
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Figure 29: Grubbs’ test - average values

7.7.3 Mandel's Statistics
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Figure 30: Intralaboratory Consistency Statistic



5 == 5% Critical Value
- —— 1% Critical Value .
[ Stragglers
14 I Outliers
e B o e e B
-1 A
—2 1
T T T T T T T T T
Q & > 5 S @ 9 9 ke
() () Q N O 3 N [ m
g & 2 & 3 J K g £
o © v S © N < o ¥
ID
Figure 31: Interlaboratory Consistency Statistic
7.7.4 Descriptive statistics
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Figure 32: Histogram of all test results



Table 14: Descriptive statistics

Characteristics

Average value - x

Sample standard deviation - s

Asigned value - x*

Robust standard deviation - s*

Measurement uncertainty of asigned value - ux

p-value of normality test
Interlaboratory standard deviation - s,
Repeatability standard deviation - s,
Reproducibility standard deviation - sg
Repeatability - r

Reproducibility - R

775 Evaluation of Performance Statistics
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Figure 33: Average values and sample standard deviations
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Figure 34: Average values and extended uncertainties of measurement
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Figure 35: z-score
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Figure 36: ¢-score
Table 15: z-score and (-score
ID z-score [-] (-score [-]
982072 -1.16 -0.9
65eabe -0.57 -0.23
4f98a3 -0.47 -0.65
df7761 -0.37 -
65de30 -0.27 -0.37
7ed2fa 0.14 0.17
46489 0.24 -
025ea0 0.55 0.59
405311 1.92 4.79




ZZP 20231 Appendix — EN 15435, part 5.2 (Density)

This part of PT program was not open due to the low number of participants.

8 Appendix-EN15435, part4.9.3, Appendix B (Flexural strength of side shutters)

This part of PT program was not open due to the low number of participants.

9 Appendix — EN 15435, part 5.2 (Density)

This part of PT program was not open due to the low number of participants.
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