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1

Introduction and Important Contacts

In the year 2019, the Proficiency Testing Provider at the SZK FAST (PT Provider) initiated the Proficiency
Testing Program (PTP) designated ZMC 2019/1 whose aim was to verify and assess the conformity of test
results across laboratories when testing mortar, cement and fine-grained cement composites.

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. Ing. 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

Vevefi 95, Brno 602 00 Vevefi 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

2
3.
4

U

. EN 196-1 - Strength [11]
. EN 196-2 (art. 4.4.1) - Determination of loss on ignition [2]
EN 196-2 (art. 4.4.2) - Determination of sulphate content [2]

. EN 196-2 (art. 4.4.3) - Determination of the residue insoluble in hydrochloric acid and sodium car-
bonate [2]

EN 196-2 (art. 4.4.4) - Determination of the residue insoluble in hydrochloric acid and potassium
hydroxide [2]

EN 196-2 (art. 4.4.5) - Determination of sulphite content [2]

EN 196-3 - Setting time, Soundness[3]

EN 196-10 - Determination of the water-soluble chromium (Cr®+) [4]
EN 1015-1 - Granularity [5]

EN 1015-3 - Consistency [6]

. EN 1015-6 - Density of fresh mortar [[7]

. EN 1015-10 - Density of hardened mortar [8]

. EN1015-11 - Strength [9]

. EN 1015-12 - Adhesion [[10]

. EN 1015-18 - Capillary absorption coefficient (C,,) [11]]

. EN 1015-19 - Water vapor flow [[12]

. EN 13892-2 - Determination of flexural and compressive strength [[13]
. EN 12004-2 (art. 8.1) - Open time [[14]

. EN 12004-2 (art. 8.2) - Slippage [[14]

. EN 12004-2 (art. 8.3.3.2) - Adhesion [[14]

. EN 12004-2 (art. 8.3.3.3) - Adhesion [[14]



22. EN 196-2 (art. 4.4.6) - Determination of manganese content [2]

Testing procedures No 1, 3, 7, 10, 12, 13, 14, 15, 18 and 20 were open. The other methods were not

been open due to the lack of participants (interested laboratories).

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 a manner complying with ISO 5725-2 [[15] and with EN ISO/IEC 17043 [16]. The outcome is
the present final report summarizing the results of the interlaboratory comparison, including statistical

evaluation.

30 laboratories took part in the program. In order to maintain the anonymity of the PTP, each labora-
tory 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:

ID/Part
4bcf20
aa3e07
ab93aa
fod7ff
1a9bd8
43b61e
babag4
605eff
2f16d8
663aa5
3a3d88
8d740f
4a1546
e81c7c
499219
13d063
db7c2e
3276e6
110bd9
d9a0c9
004e7b
4d31e1
fdecOf
112b14
bfc43d
4ee571
e56f66
35d72a
de9190
€79d89
n

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

1

x X X v X

10

9 10 11

12

>

Ul X X

13

14 15
X X
X -
X X
X -
- X
X -
X -
6 3

16

17

18

X 1

X

19 20 21



Table 2: List of participants (laboratories) - the order in the table does not correspond to the identifi-
cation number in Table 1

Laboratory
”LI,EHTva 3A  W3MNUTBAHE U
EBPOIENCKA CEPTUDNKALNA"

EOOJ/Center for Testing and Euro-
pean Certification Ltd.

AG Institut d.o.o0. Novi Sad

BETOTECH, s.r.o. - pracovisté
Beroun

BETOTECH, s.r.o. - pracovisté Os-
trava

CMR Center Materials Research snc
Christos Shiathas
Christos Shiathas

Itecons - Instituto de Investigacdo e
Desenvolvimento Tecnologico para
a Construcao, Energia, Ambiente e
Sustentatibilidade
Ivan Kozhuharov
Laboratoire Central des Travaux
Publics - LCTP

Lithuanian Energy Institute

QUALIFORM SLOVAKIA s.r.o. , Praco-
visko 02 Svit

QUALIFORM SLOVAKIA s.r.o. - orga-
nizac¢ni slozka

STACHEMA Bratislava a.s.

Stachema CZ s.r.o., ZkusSebni labora-
tor, Pracovisté 2

TIQU-Tiroler Qualitatszentrum fir
Umwelt, Bau und Rohstoffe GmbH
TPA EOOD CTC SOFIA

Technicky a zkuSebni Ustav Praha,
s.p., Centralni laboratof, zkuSebna
0500 PFedméfice nad Labem
Technicky a zkuSebni Ustav stavebni
Praha, s. p., pobocka Ceské
Budé&jovice

Technicky a zkuSebni Ustav stavebni
Praha, s.p.

Technicky a zkuSebni Ustav stavebni
Praha, s.p. - pobocka Praha

Address

2, Industrialna str., Stara Zagora,
6000, Bulgaria

dr Djordja Joanovica 4, Novi Sad,
21000, Republika Srbija

Beroun 660, Beroun, 26601, Ceska
republika

Beroun 660, BEROUN, 266 01, Ceska
republika

Via Zamenhof 589, Vicenza, 36100,
Italy

Aglantzias Light Industrial Area, No.
10, Nicosia, 2108, NICOSIA
Aglantzias Light Industrial Area, No.
10, Nicosia, 2108, Nicosia

Rua Pedro Hispano - Pinhal de Mar-
rocos, Coimbra, 3030-289, Portugal

108 Besarabia street, Sofia, 1517,
Bulgaria

1, rue Kaddour RAHIM- HUSSEIN
DEY, ALGER, 16040, ALGERIE
Breslaujos str. 3, Kaunas, LT-44403,
Lithuania

Pasienkova 9 D, Bratislava, 82106,
Slovenska republika

Lesni 693, Bilovice nad Svitavou,
66401, 28311060

Zelezni¢na 714/180, Rovinka, 900 41,
Slovenska republika

Hasi¢ska 1, Zibohlavy, Kolin, 28002,
Ceské republika

GewerbestraBe 4, Otztal-Bahnhof,
6430, Austria/Tirol

Rezbarska str. Ne 7, SOFIA, 1510,
BULGARIA

Priimyslova 283, Predméfice n.L.,
503 02, Ceska republika

Nemanicka 441, Ceské Budé&jovice,
370 10, Ceska republika

Tolstého 447, Teplice, 415 03, Ceska
republika

Prosecka 811/76a, Praha 9 - Prosek,
190 00, Ceska republika

Accreditation No.
No 252 1N

01-457

1195

1195.2

LOO1

L0446

LA.01.06

154/S-301

S-301

S-275

L 1433

1018.3

1018.3

L1018.3

1018.3



2

The

1.

Laboratory Address Accreditation No.
Technicky a zkuebni Ustav stavebni  Zahradni 15, Plzeri, 326 00, Ceské re- 1018.3
Praha, s.p. Centralni laboratof - publika

zkuSebna Plzer

Technicky a zku$ebni Ustav stavebni U Studia 14, Ostrava, 700 30, Ceska 1018.3
Praha, s.p., pobocka 0700 Ostrava republika

Technicky a zkuSebni Ustav stavebni Hnévkovského 77, Brno, 617 00, 1018.3
Praha, s.p., pobocka Brno Ceska republika

Testing Laboratory "LABKONSULT kompl.Mladost-1, bl.43/vh.3/app.41, -
PLUS"Ltd. Sofia, 1784, BULGARIA

Universiteit Gent (Labormatorium Technologiepark - Zwijnaarde 60, 220-TEST
Magnel voor Betononderzoek) Zwijnaarde (Ghent), 9052, Belgium

Vysoké uleni technické v Brng, Vevefi 331/95, Brno, 60200, Ceska L1396
Fakulta stavebni,  Akreditovana republika

zkudebni laboratof pfi UTHD FAST

VUT v Brné

ZkuSebni laboratof Kloknerova Us- Solinova 7, Praha 6 - Dejvice, 16608, 1061
tavu Ceska republika

EMI Epitéstigyi Min8ségellenérzé In- NAH-1-1110/2018
novaciés Nonprofit Kft.

Reditelstvi silnic a dalnic CR

Dézsa Gyorgy Ut 26., Szentendre,
2000, Hungary
RebeSovicka 40,
643 00, Ceska republika

Brno-Chrlice, 1072

Procedures used in the Statistical Analysis of Laboratory Results

statistical analysis is based on the following steps:

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 con-
cerned 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 partici-
pants 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 fi-
nal 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 Mortar, Cement and Fine-
grained Cement Composites (PT Program) organized by the PT Provider at the SZK FAST. 30 participants
(laboratories) took partin the PT Program. The program focused on ordinary standardized testing of mor-
tar, cement, fine-grained cement composites. 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;

B - outlier;

ID/Method 1 3 7 10 12 13
4bcf20 oo K o- -
aa3e07 - - - v -
ab93aa - - - - -
fod7ff -
1a9bd8 v - - - - -
43b61e - - - - - -
babag4 v - - - -
605eff - v v - - -
2f16d8 - - - v - -
663aa5 - - - - - v
3a3d88 - - - - - -
8d740f v - Y - - -
4a1546 - - - - - -
e81c7c - - - v -
49929 - - - - -V
13d063 - v

db7c2e S - - - - v

v v
v

SR

3276e6
110bd9 - - - - -

d9a0c9 - - - - - -
004e7b - - - - - -
4d31e1 - - - - v -
fdecOf - v - - -

112b14 -
bfc43d VR - - - -
4ee571 - - - - - v
e56f66 v oo - - v v
35d72a - - - - - -
de9190 v v -/

e79d89 v - v v B -

14 15

18 20
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1 Appendix - EN 196-1 - Strength

11 Flexural Strength after 2 days of ageing

111 Testresults

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

ID Test results ux X S0 Vix

[N/mm?] IN/mm?2]  [N/mm?] [N/mm?2] [%]
4bcf20 4.0 3.5 - 0.2 3.8 0.33 8.67
baba84 4.2 43 3.9 0.4 4.1 0.21 5.04
bfc43d 4.4 43 45 - 4.4 0.1 2.27
e56f66 5.1 53 4.7 - 5.0 0.31 6.07
8d740f 4.8 56 54 1.2 53 0.42 7.91
3276e6 52 54 52 0.2 53 0.12 2.19
e79d89 54 57 53 0.5 55 0.21 3.81
de9190 7.3 6.8 6.2 0.6 6.8 0.55 8.14

11.2 The Numerical Procedure for Determining Outliers
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Figure 1: Cochran’s test - sample standard deviations
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Figure 4: Interlaboratory Consistency Statistic
11.4 Descriptive statistics
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Figure 5: Histogram of all test results
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Table 5: Descriptive statistics

Characteristics

Priimérna hodnota / Average value - x

Vybérova smérodatna odchylka / Sample standard deviation - s

Vztazna hodnota / Asigned value - x*

Robustni smérodatna odchylka / Robust standard deviation - s*

Nejistota méFeni vztazné hodnoty / Measurement uncertainty of asigned value - ux
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s,

Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s,
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg
Opakovatelnost / Repeatability - r

Reprodukovatelnost / Reproducibility - R

11.5 Evaluation of Performance Statistics
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Figure 6: Average values and sample standard deviations
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Figure 7: Average values and extended uncertainties of measurement
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Figure 8: z-score
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Figure 9: ¢-score

Table 6: z-score and (-score

ID z-score [-] (¢-score [-]
4bcf20 -1.35 -2.68
baba84 -0.95 -1.56
bfc43d -0.67 -
e56f66 -0.0 -
8d740f 0.24 0.18
3276e6 0.24 0.49
€79d89 0.45 0.66
de9190 1.81 2.36



1.2 Compressive Strength after 2 days of ageing

1.21 Testresults

Table 7: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty 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?2] [%]
baba84 20.1 20.0 18.7 20.2 194 18.1 2.0 19.4 0.86 4.41
db7c2e 243 237 244 240 240 24.1 3.0 24.1 0.25 1.03
8d740f 25.2 247 251 25.2 247 249 1.5 25.0 0.23 0.94
3276e6 25.2 247 253 249 253 25.1 0.3 25.1 0.24 0.96
bfc43d 26.6 239 254 247 249 26.0 - 25.2 0.96 3.82
e79d89 25.3 256 253 253 256 269 1.3 25.7 0.62 2.42
4bcf20 26.2 275 25.6 25.6 250 26.9 0.4 26.1 0.92 3.52
e56f66 27.0 28.4 25.0 228 284 255 - 26.2 2.18 8.33
de9190 28.4 30.0 30.2 309 282 279 1.2 29.3 1.25 4.28

1.2.2 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
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Figure 12: Intralaboratory Consistency Statistic
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Figure 13: Interlaboratory Consistency Statistic

1.2.4 Descriptive statistics
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Figure 14: Histogram of all test results



Table 8: Descriptive statistics

Characteristics [N/mm?]
Priimérna hodnota / Average value - x 251
Vybérova smérodatna odchylka / Sample standard deviation - s 2.58
Vztazna hodnota / Asigned value - x* 255
Robustni smérodatna odchylka / Robust standard deviation - s* 1.8
Nejistota méFeni vztazné hodnoty / Measurement uncertainty of asigned value - ux 0.75
p-hodnota testu normality / p-value of normality test 0.042 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s, 2.55
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 1.02
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg 2.75
Opakovatelnost / Repeatability - r 2.9
Reprodukovatelnost / Reproducibility - R 7.7

1.2.5 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 18: ¢-score

Table 9: z-score and (-score

ID z-score [-] (¢-score [-]
baba84 34 -2.87
db7c2e -0.81 -0.47
8d740f -0.32 -0.34
3276e€6 -0.26 -0.57
bfc43d -0.16 -
€79d89 0.07 0.08
4bcf20 0.34 0.7

e56f66 0.36 =
de9190 2.07 2.63




1.3 Flexural Strength after 7 days of ageing

1.31 Testresults

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

ID Test results ux X So Vx

[N/mm?] IN/mm?2]  [N/mm?2] [N/mm?3]  [%]

8d740f 6.0 6.8 6.3 1.1 6.4 0.4 6.35
baba84 6.6 6.3 6.6 0.5 6.5 0.17 2.66
bfc43d 6.7 6.9 6.6 - 6.7 0.15 2.27
3276e6 79 6.8 6.6 0.2 7.1 0.7 9.86
e79d89 79 7.7 7.9 0.5 7.8 0.12 1.47
e56f66 85 84 7.7 - 8.2 0.44 5.32
de9190 94 88 7.5 0.8 8.6 0.97 11.34
4bcf20 84 9.8 8.0 0.6 8.8 0.97 11.12

1.3.2 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

1.3.4 Descriptive statistics
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Figure 23: Histogram of all test results
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Table 11: Descriptive statistics

Characteristics [N/mm?]
Priimérna hodnota / Average value - x 7.5
Vybérova smérodatna odchylka / Sample standard deviation - s 0.95
Vztazna hodnota / Asigned value - x* 7.5
Robustni smérodatna odchylka / Robust standard deviation - s* 1.01
Nejistota méFeni vztazné hodnoty / Measurement uncertainty of asigned value - ux 0.45
p-hodnota testu normality / p-value of normality test 0.444 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s, 0.89
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 0.59
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg 1.07
Opakovatelnost / Repeatability - r 1.7
Reprodukovatelnost / Reproducibility - R 3.0

1.3.5 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 [-]
8d740f -1.13 -0.96
baba84 -1.0 -1.5
bfc43d -0.77 -
3276e€6 -0.4 -0.83
e79d89 0.32 0.49
e56f66 0.69 -
de9190 1.05 1.16
4bcf20 1.23 1.74



14 Compressive Strength after 7 days of ageing

141 Testresults

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

ID Test results ux X So Vix

[N/mm?] IN/mm?2]  [N/mm?2] [N/mm?2] [%]
baba84 36.7 29.2 36.0 345 345 37.2 3.0 34.7 2.91 8.38
4bcf20 31.2 33.1 38.8 36.2 350 36.9 1.1 35.2 2.7 7.67
e79d89 36.3 36.6 36.6 375 364 376 1.3 36.8 0.57 1.54
3276e6 395 39.0 40.7 38.0 395 41.8 1.0 39.8 1.33 3.35
bfc43d 41.3 39.0 409 419 40.2 39.38 - 40.5 1.06 2.61
db7c2e 394 417 41.8 432 427 40.6 3.0 41.6 1.39 3.34
e56f66 42.0 43.4 409 41.4 428 40.0 - 41.8 1.25 2.99
8d740f 421 41.8 426 428 427 425 2.5 42.4 0.39 0.91
de9190 50.2 519 522 51.2 52.0 509 1.1 51.4 0.77 1.5

1.4.2 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

1.4.3 Mandel's Statistics
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Figure 30: Intralaboratory Consistency Statistic
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Figure 31: Interlaboratory Consistency Statistic

1.4.4 Descriptive statistics
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Figure 32: Histogram of all test results



Table 14: Descriptive statistics

Characteristics [N/mm?]
Priimérna hodnota / Average value - x 40.5
Vybérova smérodatna odchylka / Sample standard deviation - s 5.01
Vztazna hodnota / Asigned value - x* 40.8
Robustni smérodatna odchylka / Robust standard deviation - s* 4.99
Nejistota méFeni vztazné hodnoty / Measurement uncertainty of asigned value - ux 2.08
p-hodnota testu normality / p-value of normality test 0.048 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s, 4.97
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 1.61
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg 5.22
Opakovatelnost / Repeatability - r 4.5
Reprodukovatelnost / Reproducibility - R 14.6

1.4.5 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 [-]
babag4 -1.22 -1.66
4bcf20 -1.11 -2.35
e79d89 -0.79 -1.6
3276e6 -0.2 -0.44
bfc43d -0.05 -
db7c2e 0.16 0.22
e56f66 0.2 -
8d740f 0.33 0.51
de9190 2.13 4.53




1.5 Flexural Strength after 28 days of ageing

1.5.1 Testresults

Table 16: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty of measurement; x - average value; sy - sample standard deviation; Vx - variation coefficient

ID Test results ux X S0 Vx

[N/mm?] IN/mm?2]  [N/mm?] [N/mm?2] [%]
3276e6 8.0 8.3 7.9 0.2 8.1 0.21 2.58
bfc43d 8.1 8.1 8.5 - 8.2 0.23 2.8
baba84 8.3 8.3 8.4 0.5 8.3 0.06 0.69
8d740f 8.4 8.1 8.8 1.0 8.4 0.35 4.16
e56f66 9.2 8.9 8.1 - 8.7 0.57 6.51
1a9bd8 9.2 8.7 9.0 0.9 8.9 0.23 2.6
€79d89 9.0 8.9 9.1 04 9.0 0.1 1.11
4bcf20 9.6 9.8 9.8 0.1 9.8 0.13 1.36
de9190 119 122 11.3 0.7 11.8 0.46 3.88

1.5.2 The Numerical Procedure for Determining Outliers
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Figure 37: Cochran’s test - sample standard deviations
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Figure 38: Grubbs' test - average values
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Figure 39: Grubbs’ test - average values without outliers



1.5.3 Mandel's Statistics
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Figure 40: Intralaboratory Consistency Statistic
2T 5% Critical Value
— = 5% Kriticka hodnota
1%CriticalValue e e B [~
1% Kriticka hodnota
Stragglers
1 4 = Vybocujici hodnoty
o 0 —
<
-1 4
-2 4
T T T T T T T T
© k) N & © ) ) o
o ) o § © S © N
N N o N & Q o 5
N Y Q > " o) &) o]
Y Q o %] o (o} N N
m Q ~ o

ID

Figure 41: Interlaboratory Consistency Statistic



1.5.4 Descriptive statistics
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Figure 42: Histogram of all test results
Table 17: Descriptive statistics
Characteristics [N/mm?]
Prlimérna hodnota / Average value - x 8.7
Vybérova smérodatna odchylka / Sample standard deviation - s 0.55
Vztazna hodnota / Asigned value - x* 8.7
Robustni smérodatna odchylka / Robust standard deviation - s* 0.58
Nejistota méFeni vztazné hodnoty / Measurement uncertainty of asigned value - ux 0.26
p-hodnota testu normality / p-value of normality test 0.383 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s, 0.52
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 0.28
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg 0.59
Opakovatelnost / Repeatability - r 0.8

Reprodukovatelnost / Reproducibility - R 1.7



1.5.5 Evaluation of Performance Statistics
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Figure 43: Average values and sample standard deviations
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Figure 44: Average values and extended uncertainties of measurement
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Figure 45: z-score
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Table 18: z-score and (-score

ID
3276e6
bfc43d
baba84
8d740f
e56f66
1a9bd8
€79d89
4bcf20

z-score [-]
-1.07
-0.78
-0.61
-0.44
0.08
0.43
0.54
1.85

¢-score [-]
-1.91
-0.63
-0.25
0.27
0.66
4.0



1.6 Compressive Strength after 28 days of ageing

1.6.1 Testresults

Table 19: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty of measurement; x - average value; sy - sample standard deviation; Vx - variation coefficient

ID Test results ux X So Vx

[N/mm?] IN/mm?2] [N/mm?] [N/mm?2] [%]
4bcf20 48.8 475 475 456 444 48.1 0.7 47.0 1.65 3.51
3276e6 48.6 48.7 47.8 465 47.0 47.7 1.0 47.7 0.87 1.81
e79d89 49.4 525 491 535 494 513 2.5 50.9 1.86 3.65
db7c2e 51.2 516 488 50.0 53.1 529 3.0 51.3 1.66 3.24
e56f66 50.7 53.3 523 483 533 52.9 - 51.8 1.97 3.8
8d740f 53.5 539 545 545 550 5338 3.0 54.2 0.56 1.03
bfc43d 54.6 53.7 56.8 53.7 55.0 57.0 - 55.1 1.46 2.65
1a9bd8 54.8 56.8 54.0 545 556 56.0 2.7 55.3 1.03 1.86
baba84 55,5 548 536 552 574 564 3.0 55.5 1.31 2.36
de9190 582 59.0 584 576 589 595 1.1 58.6 0.67 1.15

1.6.2 The Numerical Procedure for Determining Outliers
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Figure 47: Cochran'’s test - sample standard deviations
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Figure 48: Grubbs' test - average values
1.6.3 Mandel's Statistics
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Figure 49: Intralaboratory Consistency Statistic
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1.6.4 Descriptive statistics

Figure 50: Interlaboratory Consistency Statistic
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Figure 51: Histogram of all test results
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Table 20: Descriptive statistics

Characteristics [N/mm?]
Priimérna hodnota / Average value - x 52.7
Vybérova smérodatna odchylka / Sample standard deviation - s 3.67
Vztazna hodnota / Asigned value - x* 52.9
Robustni smérodatna odchylka / Robust standard deviation - s* 3.69
Nejistota méFeni vztazné hodnoty / Measurement uncertainty of asigned value - ux 1.46
p-hodnota testu normality / p-value of normality test 0.148 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s, 3.62
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 1.39
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg 3.88
Opakovatelnost / Repeatability - r 3.9
10.9

Reprodukovatelnost / Reproducibility - R

1.6.5 Evaluation of Performance Statistics
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Figure 52: Average values and sample standard deviations
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Figure 53: Average values and extended uncertainties of measurement
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Figure 54: z-score
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Figure 55: ¢-score

Table 21: z-score and (-score

ID
4bcf20
3276e6
€79d89
db7c2e
e56f66
8d740f
bfc43d
1a9bd8
baba84
de9190

z-score [-] (¢-score [-]

-1.6
-1.4
-0.55
-0.44
-0.29
0.36
0.61
0.65
0.71
1.55

-3.64

-2.92
-0.7

-0.48

0.4
0.78
0.78
3.13




2 Appendix — EN 196-2 (art. 4.4.1) — Determination of loss on ignition

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

3 Appendix - EN 196-2 (art. 4.4.2) — Determination of sulphate content

3.0.1 Testresults

Table 22: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty of measurement; x - average value; sy - sample standard deviation; Vx - variation coefficient
ID Test results ux X So Vix
[%] (%1 [%] [%] [%]
3276e6 2.7 30 28 02 28 0.15 5.21
de9190 3.0 30 3.0 03 3.0 0.01 033
fdecOf 3.0 - - 02 30 00 0.0
605eff 3.1 3.0 34 03 32 021 6.57

3.0.2 The Numerical Procedure for Determining Outliers
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Figure 56: Cochran'’s test - sample standard deviations
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Figure 57: Grubbs' test - average values

3.0.3 Mandel's Statistics
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Figure 58: Intralaboratory Consistency Statistic
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Figure 59: Interlaboratory Consistency Statistic

3.0.4 Descriptive statistics
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Figure 60: Histogram of all test results
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[%]

Characteristics [%]
Priimérna hodnota / Average value - x 3.0
Vybérova smérodatna odchylka / Sample standard deviation - s 0.15
Vztazna hodnota / Asigned value - x* 3.0
Robustni smérodatna odchylka / Robust standard deviation - s* 0.14
Nejistota méfeni vztazné hodnoty / Measurement uncertainty of asigned value - ux  0.09
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s, 0.13
Smeérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 0.13
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sy 0.18
Opakovatelnost / Repeatability - r 0.4
Reprodukovatelnost / Reproducibility - R 0.5
3.0.5 Evaluation of Performance Statistics
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Table 23: Descriptive statistics

Figure 61: Average values and sample standard deviations
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Figure 62: Average values and extended uncertainties of measurement
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Figure 63: z-score
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3 - {-score=2/-2
m— (-score=3/-3

C-score [-]

Figure 64: (-score

Table 24: z-score and (-score

ID z-score [-] (¢-score [-]
3276e6 -1.45 -1.17
de9190 0.01 0.0
fdecOf 0.08 0.04
605eff 1.2 0.54

4 Appendix — EN 196-2 (art. 4.4.3) — Determination of the residue insoluble in
hydrochloric acid and sodium carbonate

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

5 Appendix — EN 196-2 (art. 4.4.4) — Determination of the residue insoluble in
hydrochloric acid and potassium hydroxide

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

6 Appendix — EN 196-2 (art. 4.4.5) — Determination of sulphite content

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

7 Appendix - EN 196-3 - Setting time, Soundness

Proficiency Testing Provider at the SZK FAST | Z 7008 53/129
Brno University of Technology | Faculty of Civil Engineering | Departement of Building Testing

Veveii 331/95 | 602 00 Brno | Czech Republic
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7.1 Initial setting time

711 Testresults

Table 25: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty of measurement; x - average value; sy - sample standard deviation; Vx - variation coefficient

ID Test results ux X S0 Vx
[min.] [min.] [min.] [min.] [%]

3276e6 130 140 130 10 133.0 5.8 433
€79d89 135 140 145 15 140.0 5.0 3.57
8d740f 195 180 190 20 188.0 7.6 4.06
4bcf20 205 210 220 4 212.0 7.6 3.61
de9190 208 217 220 7 215.0 6.2 2.9
605eff 215 215 218 10 216.0 1.7 0.8

71.2 The Numerical Procedure for Determining Outliers
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Figure 65: Cochran'’s test - sample standard deviations
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Figure 66: Grubbs’ test - average values
71.3 Mandel's Statistics
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Figure 67: Intralaboratory Consistency Statistic
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Figure 68: Interlaboratory Consistency Statistic

71.4 Descriptive statistics
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Figure 69: Histogram of all test results
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Table 26: Descriptive statistics

Characteristics [min.]
Priimérna hodnota / Average value - x 184.0
Vybérova smérodatna odchylka / Sample standard deviation - s 38.1
Vztazna hodnota / Asigned value - x* 194.0
Robustni smérodatna odchylka / Robust standard deviation - s* 24.9
Nejistota méfeni vztazné hodnoty / Measurement uncertainty of asigned value - ux 12.7
p-hodnota testu normality / p-value of normality test 0.019 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s, 38.0
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 6.0
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg 38.5
Opakovatelnost / Repeatability - r 17.0
Reprodukovatelnost / Reproducibility - R 108.0

71.5 Evaluation of Performance Statistics
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Figure 70: Average values and sample standard deviations
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Figure 71: Average values and extended uncertainties of measurement
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Figure 72: z-score
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Figure 73: ¢-score

Table 27: z-score and (-score

ID
3276e6
e79d89
8d740f
4bcf20
de9190
605eff

z-score [-] (¢-score [-]

-1.33
-1.16
0.11
0.72
0.81
0.84

-4.32
-2.72
0.2
3.75
3.31
2.72




7.2 Final setting time

721 Testresults

Table 28: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty of measurement; x - average value; sy - sample standard deviation; Vx - variation coefficient

ID Test results ux X S0 Vx

[min.] [min.] [min.] [min.] [%]
3276e6 230 230 225 10 228 2.9 1.26
4bcf20 265 265 270 5 267 2.9 1.08
605eff 280 275 275 10 277 2.9 1.04
8d740f 285 275 270 21 277 7.6 2.76
e79d89 270 280 280 20 277 5.8 2.09
de9190 269 280 285 9 278 8.2 2.94

7.2.2 The Numerical Procedure for Determining Outliers
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Figure 74: Cochran'’s test - sample standard deviations
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Figure 75: Grubbs’ test - average values

72.3 Mandel's Statistics
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Figure 76: Intralaboratory Consistency Statistic
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Figure 77: Interlaboratory Consistency Statistic

724 Descriptive statistics
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Figure 78: Histogram of all test results



Table 29: Descriptive statistics

Characteristics [min.]
Priimérna hodnota / Average value - x 275.0
Vybérova smérodatna odchylka / Sample standard deviation - s 4.7
Vztazna hodnota / Asigned value - x* 277.0
Robustni smérodatna odchylka / Robust standard deviation - s* 0.6
Nejistota méfeni vztazné hodnoty / Measurement uncertainty of asigned value - ux 0.3
p-hodnota testu normality / p-value of normality test 0.46 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s, 3.2
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 5.9
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg 6.7
Opakovatelnost / Repeatability - r 17.0
Reprodukovatelnost / Reproducibility - R 19.0

7.2.5 Evaluation of Performance Statistics
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Figure 79: Average values and sample standard deviations
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Figure 80: Average values and extended uncertainties of measurement
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Figure 82: ¢-score

Table 30: z-score and (-score

ID z-score [-] (¢-score [-]
4bcf20 -1.78 -1.52
605eff 0.37 0.17
8d740f 0.37 0.08
€79d89 0.37 0.09
de9190 0.66 0.33



7.3 Soundness

7.3.1 Testresults

Table 31: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty of measurement; x - average value; sy - sample standard deviation; Vx - variation coefficient

ID Test results ux X So Vix

[mm] [mm] [mm] [mm]  [%]
e79d89 03 04 03 0.1 0.3 0.06 17.32
605eff 0.4 04 0.5 0.2 0.4 0.06 13.32
8d740f 1.0 1.0 05 05 0.8 0.29 34.64
de9190 0.8 0.8 0.9 0.1 0.8 0.06 6.93
3276e6 2.0 2.0 1.0 1.0 1.7 0.58 34.64
4bcf20 40 8.0 6.0 0.1 6.0 2.0 33.33

7.3.2 The Numerical Procedure for Determining Outliers
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Figure 83: Cochran'’s test - sample standard deviations
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Figure 84: Cochran'’s test - sample standard deviations without outliers
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Figure 85: Grubbs’ test - average values



7.3.3 Mandel's Statistics

2.00 A — _ 5%Critical Value
L 5% Kritickd hodnota
1% Critical Value
1.75 4 = 1% kriticka hodnota
Outliers =~ = ——
=] 5
1.50 4 Odlehlé hodnoty
1.25 A
~ 1.00 1
0.75 A
0.50 A
0.25 A
0.00 T T T T
) > " o ©
% o S Q) 7
ke] %) N ~ ©
Q & > & N
) % k<] m
ID
Figure 86: Intralaboratory Consistency Statistic
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Figure 87: Interlaboratory Consistency Statistic



7.3.4 Descriptive statistics
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Figure 88: Histogram of all test results
Table 32: Descriptive statistics
Characteristics [mm]
Priimérna hodnota / Average value - x 0.8
Vybérova smérodatna odchylka / Sample standard deviation - s 0.53
Vztazna hodnota / Asigned value - x* 0.8
Robustni smeérodatna odchylka / Robust standard deviation - s* 0.53
Nejistota méreni vztazné hodnoty / Measurement uncertainty of asigned value - ux 0.3
p-hodnota testu normality / p-value of normality test 0.032 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s; 0.5
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 0.29
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg 0.58
Opakovatelnost / Repeatability - r 0.8

Reprodukovatelnost / Reproducibility - R 1.6



7.3.5 Evaluation of Performance Statistics
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Figure 89: Average values and sample standard deviations
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Figure 90: Average values and extended uncertainties of measurement
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Figure 92: (-score



Table 33: z-score and ¢-score

ID z-score [-] (-score [-]
€79d89 -0.91 -1.55
605eff -0.73 -1.08
8d740f 0.03 0.02
de9190 0.03 0.04
3276e6 1.59 0.81

8 Appendix - EN 196-10 - Determination of the water-soluble chromium (Cr°")

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

9 Appendix - EN 1015-1 - Granularity

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

10 Appendix - EN 1015-3 - Consistency
10.1 Test results

Table 34: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty of measurement; x - average value; sy - sample standard deviation; Vx - variation coefficient

ID Test results ux X So Vix
[mm] [mm] [mm] [mm] [%]

aa3e07 168.0 168.0 169.0 4.0 1683 0.58 0.34
2f16d8 1714 170.0 1743 16 1719 219 1.28
e79d89 182.0 182.0 183.0 3.0 1823 0.58 0.32
e81c7c 192.0 192.0 192.0 - 1920 0.0 0.0
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10.2 The Numerical Procedure for Determining Outliers
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Figure 93: Cochran'’s test - sample standard deviations
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Figure 94: Grubbs' test - average values
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10.3 Mandel's Statistics
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Figure 95: Intralaboratory Consistency Statistic
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Figure 96

: Interlaboratory Consistency Statistic



10.4 Descriptive statistics
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Figure 97: Histogram of all test results
Table 35: Descriptive statistics

Characteristics [mm]
Primérna hodnota / Average value - x 178.6
Vybérova smérodatna odchylka / Sample standard deviation - s 10.7
Vztazna hodnota / Asigned value - x* 178.6
Robustni smérodatna odchylka / Robust standard deviation - s* 10.51
Nejistota méreni vztazné hodnoty / Measurement uncertainty of asigned value - ux 6.57
p-hodnota testu normality / p-value of normality test 0.169 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s; 10.68
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 1.17
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sz~ 10.75
Opakovatelnost / Repeatability - r 3.3

Reprodukovatelnost / Reproducibility - R 30.1



10.5 Evaluation of Performance Statistics
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Figure 98: Average values and sample standard deviations
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Figure 99: Average values and extended uncertainties of measurement
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Figure 100: z-score
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Figure 101: ¢-score



Table 36: z-score and ¢-score

ID
aa3e07
2f16d8
€79d89
e81c7/c

z-score [-]

-0.98
-0.64
0.35
1.27

¢-score [-]
-1.34
-1.0
0.51

M Appendix - EN 1015-6 - Density of fresh mortar

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

12 Appendix — EN 1015-10 — Density of hardened mortar

121 Testresults

Table 37: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty of measurement; x - average value; s, - sample standard deviation; Vx - variation coefficient

ID

4d31e1
de9190
e56f66
e81c7c
e€79d89

Test results

1890
1901
1906
1930
2110

[kg/m?3]

1890
1900
1914
1930
2110

1900
1905
1927
1930
2120

ux

[kg/m?3]

15.0
4.0

30.0

X
[kg/m?3]
1893.3
1902.0
1915.7
1930.0
2113.3

So VX
kg/m31  [%]
5.77 0.3
2.65 0.14
10.6 0.55
0.0 0.0
5.77 0.27



12.2 The Numerical Procedure for Determining Outliers
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Figure 102: Cochran’s test - sample standard deviations
3 P Average value of laboratory s —————— e e Q===
2100 41 Pramérny vysledek laboratore
Stragglers
Vybocujici hodnoty
2050 1 P Outlying values
Odlehlé hodnoty
Average value
Primérnd hodnota
2000 _ 5%Critical Value
o 5% Kriticka hodnota
e 1% Critical Value
> 1950 T = 1% kritick hodnota
X [
° o
1900 - ®
1850 A
1800 T o o o o o e e e e e e e e e e e e e e e e e e e e e e e
T T T T T
~ (&) © o
Y ) o N og’
~ ~ &) O ke
3 & v %' R
¥ s} v v )
ID

Figure 103: Grubbs’ test - average values
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Figure 104: Grubbs' test - average values without outliers

12.3 Mandel's Statistics
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Figure 105: Intralaboratory Consistency Statistic
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Figure 106: Interlaboratory Consistency Statistic

12.4 Descriptive statistics
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Table 38: Descriptive statistics

Characteristics [kg/m?3]
Priimérna hodnota / Average value - x 1910.2
Vybérova smérodatna odchylka / Sample standard deviation - s 16.06
Vztazna hodnota / Asigned value - x* 1910.2
Robustni smérodatna odchylka / Robust standard deviation - s* 15.77
Nejistota méfeni vztazné hodnoty / Measurement uncertainty of asigned value - ux 9.86
p-hodnota testu normality / p-value of normality test 0.217 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s, 15.66
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 6.18
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sy~ 16.83
Opakovatelnost / Repeatability - r 17.3
Reprodukovatelnost / Reproducibility - R 471

12.5 Evaluation of Performance Statistics
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Figure 108: Average values and sample standard deviations
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Figure 109: Average values and extended uncertainties of measurement
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Figure 110: z-score
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Figure 111: ¢-score

Table 39: z-score and (-score

ID z-score [-] (¢-score [-]
4d31e1 -1.07 -0.94
de9190 -0.52 -0.78
e56f66 0.34 -
e81c7c 1.25 -



13 Appendix — EN 1015-11 - Strength
13.1 Flexural Strength

1311 Testresults

Table 40: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty of measurement; x - average value; sy - sample standard deviation; Vyx - variation coefficient

ID Test results ux X S0 Vix
[N/mm?2] IN/mm?2]  [N/mm?] [N/mm?2]  [%]
663aa5 1.9 2.0 20 0.0 2.0 0.04 2.07
112b14 26 26 2.4 0.1 2.6 0.1 4.06
fod7ff 3.3 3.0 3.3 0.5 3.2 0.17 5.41
110bd9 3.8 35 34 0.1 3.6 0.18 5.08
e56f66 3.9 33 4.2 - 3.8 0.46 12.06
13d063 3.7 3.8 3.9 0.4 3.8 0.06 1.58
ab93aa 3.8 39 40 0.2 3.9 0.1 2.56
3276e6 4.1 39 4.3 0.2 4.1 0.2 4.88
4992f9 4.8 4.7 4.7 0.1 4.7 0.03 0.61
4ee571 58 59 53 1.0 5.7 0.32 5.67
aa3e07 58 55 58 0.2 5.7 0.2 3.52
de9190 7.5 73 7.7 0.3 7.5 0.2 2.67

13.1.2 The Numerical Procedure for Determining Outliers
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Figure 112: Cochran’s test - sample standard deviations
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Figure 113: Grubbs’ test - average values

13.1.3 Mandel's Statistics
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Figure 114: Intralaboratory Consistency Statistic
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Figure 115: Interlaboratory Consistency Statistic

13.1.4 Descriptive statistics
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Figure 116: Histogram of all test results
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Table 41: Descriptive statistics

Characteristics [N/mm?]
Priimérna hodnota / Average value - x 4.2
Vybérova smérodatna odchylka / Sample standard deviation - s 1.51
Vztazna hodnota / Asigned value - x* 4.2
Robustni smérodatna odchylka / Robust standard deviation - s* 1.58
Nejistota méFeni vztazné hodnoty / Measurement uncertainty of asigned value - ux 0.57
p-hodnota testu normality / p-value of normality test 0.168 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s, 1.51
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 0.21
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg 1.52
Opakovatelnost / Repeatability - r 0.6
Reprodukovatelnost / Reproducibility - R 43
13.1.5 Evaluation of Performance Statistics
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Figure 117: Average values and sample standard deviations
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Figure 118: Average values and extended uncertainties of measurement
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Figure 119: z-score



C-score [-]

- (-score=2/-2
— {-score=3/-3
4 Questionable performance
= Problematicka vykonnost
o Unsatisfactory performance
= Nevyhovujici vykonnost
D o o - - - - - ] e —
-2 + ] o e e e o o i o
—4 4
T T T T T T T T T T T T
\a o © o © ) ~ N )
rlz? ~ ;\b o © {5’ o 9] ,‘\'7 N ) &)
o Q ke Q %) S m © o " (7] ~
e N & & &£ 5 2 5~ 3 g = @
© ~ ~ v ~ o m A4 (3 o o
ID

Figure 120: ¢-score

Table 42: z-score and ¢-score

ID
663aa5
112b14
fod7ff
110bd9
e56f66
13d063
ab93aa
3276e6
49929
4ee571
aa3e07
de9190

z-score [-]
-1.42
-1.03
-0.63
-0.41
-0.25
-0.25
-0.19
-0.06
0.33
0.93
0.97
2.09

¢-score [-]
-3.91
-2.81
-1.31
-1.12
-0.57
-0.49
-0.16
0.9
1.28
2.54
5.12




13.2 Compressive Strength
13.21 Testresults

Table 43: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty of measurement; x - average value; sy - sample standard deviation; Vx - variation coefficient

ID Test results ux X So Vix

[N/mm?] IN/mm?2]  [N/mm?] [N/mm?2] [%]
663aa5 7.8 7.8 7.6 7.5 7.7 7.5 0.1 7.7 0.11 1.47
db7c2e 9.8 9.0 9.0 8.6 8.8 8.2 0.7 8.9 0.5 5.62
112b14 10.0 9.8 9.7 9.7 9.8 9.8 0.7 9.8 0.09 0.96
de9190 109 11.1 115 10.7 10.7 11.7 0.5 11.1 0.42 3.78
4992f9 13.2 13.2 134 138 133 125 0.2 13.2 0.42 3.14
fod7ff 13.9 13.0 13.7 13.2 133 13.2 0.7 13.4 0.34 2.56
110bd9 135 13.6 13.1 134 134 13.6 0.1 13.4 0.2 1.48
ab93aa 134 136 133 136 134 135 0.2 13.5 0.09 0.69
13d063 134 134 143 142 143 144 2.0 14.0 0.46 3.28
3276e6 13.7 143 13.8 139 13.6 149 0.2 14.0 0.49 3.48
e56f66 154 150 154 155 152 156 - 154 0.24 1.56
aa3e07 184 19.0 19.0 19.8 20.2 19.0 0.5 19.2 0.65 3.39
4ee571 199 196 193 205 203 19.8 0.5 19.9 0.44 2.22

13.2.2 The Numerical Procedure for Determining Outliers
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Figure 121: Cochran'’s test - sample standard deviations
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Figure 122: Grubbs’ test - average values

13.2.3 Mandel's Statistics
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Figure 123: Intralaboratory Consistency Statistic
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Figure 124: Interlaboratory Consistency Statistic

13.2.4 Descriptive statistics
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Figure 125: Histogram of all test results
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Table 44: Descriptive statistics

Characteristics [N/mm?]
Priimérna hodnota / Average value - x 133
Vybérova smérodatna odchylka / Sample standard deviation - s 3.56
Vztazna hodnota / Asigned value - x* 13.4
Robustni smérodatna odchylka / Robust standard deviation - s* 3.43
Nejistota méFeni vztazné hodnoty / Measurement uncertainty of asigned value - ux 1.19
p-hodnota testu normality / p-value of normality test 0.416 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s, 3.56
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 0.38
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg 3.58
Opakovatelnost / Repeatability - r 1.1
Reprodukovatelnost / Reproducibility - R 10.0
13.2.5 Evaluation of Performance Statistics
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Figure 126: Average values and sample standard deviations
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Figure 127: Average values and extended uncertainties of measurement
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Figure 128: z-score
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Figure 129: {-score

Table 45: z-score and ¢-score

ID
663aa5
db7c2e
112b14
de9190
499219
fod7ff
110bd9
ab93aa
13d063
3276e€6
e56f66
aa3e07
4ee571

z-score [-]
-1.66
-1.3
-1.05
-0.66
-0.04
0.01
0.02
0.03
0.18
0.19
0.58
1.71
1.9

¢-score [-]
-4.78
-3.24
-2.6
-1.76
-0.11
0.01
0.06
0.08
0.27
0.55
4,54
5.06




14 Appendix - EN 1015-12 — Adhesion

141 Testresults

Table 46: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty of measurement; x - average value; sy - sample standard deviation; Vyx - variation coefficient

ID Test results ux X S0 Vix

[N/mm?] IN/mm?]  [N/mm?] [N/mm?]  [%]
e81c7c 03 03 0.3 - 0.3 0.04 11.58
d9a0c9 04 0.6 04 - 0.4 0.1 21.91
4d31e1 0.5 04 0.5 0.2 0.5 0.06 12.37
35d72a 1.0 1.0 1.0 0.0 1.0 0.03 2.84
2f16ed8 1.1 1.2 1.0 0.3 1.1 0.1 9.09
3a3d88 2.6 2.7 2.8 - 2.7 0.05 1.85

14.2 The Numerical Procedure for Determining Outliers
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Figure 130: Cochran's test - sample standard deviations
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Figure 131: Grubbs’ test - average values

14.3 Mandel's Statistics
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Figure 132: Intralaboratory Consistency Statistic
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Figure 133: Interlaboratory Consistency Statistic

14.4 Descriptive statistics
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[N/mm?2]

Table 47: Descriptive statistics

Characteristics [N/mm?]
Priimérna hodnota / Average value - x 1.0
Vybérova smérodatna odchylka / Sample standard deviation - s 0.89
Vztazna hodnota / Asigned value - x* 1.0
Robustni smérodatna odchylka / Robust standard deviation - s* 0.92
Nejistota méFeni vztazné hodnoty / Measurement uncertainty of asigned value - ux 0.47
p-hodnota testu normality / p-value of normality test 0.031 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s, 0.89
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 0.07
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg 0.89
Opakovatelnost / Repeatability - r 0.2
Reprodukovatelnost / Reproducibility - R 2.5
14.5 Evaluation of Performance Statistics
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Figure 135: Average values and sample standard deviations
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Figure 136: Average values and extended uncertainties of measurement
3 -—- Z-5core=2/-2 4
— Z-score=3/-3
7 O
1 -
0 : 1
_1 -
5 S S S
-3

T T T T T T

(9]

s e 3 & 5 &
5 & g S & 7
] S ¥ m Y m

ID

Figure 137: z-score
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Figure 138: (-score

Table 48: z-score and (-score

ID z-score [-] ¢-score [-]
e81c7c -0.76 -
d9a0c9 -0.61 -

4d31e1 -0.58 -1.09
35d72a 0.01 0.02
2f16d8 0.1 0.17

3a3d88 1.84 -

15 Appendix — EN 1015-18 - Capillary absorption coefficient (C,,)

151 Testresults

Table 49: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty of measurement; x - average value; s, - sample standard deviation; Vx - variation coefficient

ID Test results ux X So Vix
[kg/(m? - /min)]  [kg/(m® - Vmin)] [kg/(m?-V/min)] — [kg/(m’ - /min)] [%]
004e7b 0.34 0.33 0.35 0.0 0.34 0.01 2.94
2f16d8 0.6 06 0.6 0.04 0.6 0.0 0.0
e81c7c 09 085 0.9 - 0.88 0.028999999999999998 3.27
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15.2 The Numerical Procedure for Determining Outliers
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Figure 139: Cochran'’s test - sample standard deviations
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Figure 140: Grubbs’ test - average values

Proficiency Testing Provider at the SZK FAST | Z 7008

Brno University of Technology | Faculty of Civil Engineering | Departement of Building Testing

Veveii 331/95 | 602 00 Brno | Czech Republic
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15.3 Mandel's Statistics
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Figure 141: Intralaboratory Consistency Statistic

F _ _ 5%Critical Value

1.04 5% Kriticka hodnota

’ 1% Critical Value
1% Kriticka hodnota

0.5

(2]
€
N
ID

Figure 142: Interlaboratory Consistency Statistic
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15.4 Descriptive statistics

Table 50: Descriptive statistics

Characteristics [kg/(m? - V/min)]
Primérna hodnota / Average value - x 0.61
Vybérova smérodatna odchylka / Sample standard deviation - s 0.272
Vztazna hodnota / Asigned value - x* 0.61
Robustni smérodatna odchylka / Robust standard deviation - s* 0.272
Nejistota méFeni vztazné hodnoty / Measurement uncertainty of asigned value - ux 0.521
p-hodnota testu normality / p-value of normality test 0.333 []
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s; 0.272
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 0.018
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg 0.272
Opakovatelnost / Repeatability - r 0.05
Reprodukovatelnost / Reproducibility - R 0.76

15.5 Evaluation of Performance Statistics
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Figure 143: Average values and sample standard deviations
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Figure 144: Average values and extended uncertainties of measurement
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Figure 145: z-score
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3 - (-score=2/-2
m— (-score=3/-3
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Figure 146: ¢-score

Table 51: z-score and ¢{-score

ID z-score [-] (¢-score [-]
004e7b -0.99 -0.51
2f16d8 -0.03 -0.01

e81c7c 1.01 -

16 Appendix — EN 1015-19 — Water vapor flow

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

17 Appendix—EN13892-2 - Determination of flexural and compressive strength

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

Proficiency Testing Provider at the SZK FAST | Z 7008 107/1283
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18 Appendix — EN 12004-2 (art. 8.1) — Open time

18.1 10 min.

1811 Testresults

Table 52: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty of measurement; x - average value; sy - sample standard deviation; Vyx - variation coefficient

ID

605eff
663aa5
35d72a
43b61e

0.7
0.9
1.0
1.1

0.8
0.8
1.0
1.0

0.7
1.1
0.9
1.1

0.8
1.2
0.9
1.1

Test results
[IN/mm?]
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0.7
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0.8
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0.8
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0.7
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1.0
1.0

0.7
1.2
1.0
0.8

18.1.2 The Numerical Procedure for Determining Outliers
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0.0
0.2
0.1
0.1

X So
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Figure 147: Cochran's test - sample standard deviations
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Figure 148: Grubbs' test - average values

18.1.3 Mandel's Statistics
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Figure 149: Intralaboratory Consistency Statistic
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Figure 150: Interlaboratory Consistency Statistic

18.1.4 Descriptive statistics
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Figure 151: Histogram of all test results
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Table 53: Descriptive statistics

Characteristics [N/mm?]
Priimérna hodnota / Average value - x 0.9
Vybérova smérodatna odchylka / Sample standard deviation - s 0.12
Vztazna hodnota / Asigned value - x* 0.9
Robustni smérodatna odchylka / Robust standard deviation - s* 0.04
Nejistota méFeni vztazné hodnoty / Measurement uncertainty of asigned value - ux 0.03
p-hodnota testu normality / p-value of normality test 0.042 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s, 0.11
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 0.13
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg 0.17
Opakovatelnost / Repeatability - r 0.4
Reprodukovatelnost / Reproducibility - R 0.5

18.1.5 Evaluation of Performance Statistics

— Asigned value -
Vztazna hodnota
1.2 4 - Z-5core=2/-2
____________________________________ i — Z-SCOT€ =3 /-3
1.1 1 PS Average value of laboratory

Pramérny vysledek laboratore

S S

g
€ 0.9 : .
2
0.8 A
0.7 ¢
0.6 A
& 0 ® )
& § g 5
$ g S 5
© m <
1D

Figure 152: Average values and sample standard deviations
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Figure 153: Average values and extended uncertainties of measurement
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Figure 154: z-score
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Figure 155: {-score
Table 54: z-score and ¢-score
ID z-score [-] (¢-score [-]
605eff -1.47 -0.5
663aa5 0.32 0.1
35d72a 0.41 0.14
43b61e 0.74 0.25
18.2 30 min.

18.21 Testresults

Table 55: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty of measurement; x - average value; s, - sample standard deviation; Vx - variation coefficient
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18.2.2 The Numerical Procedure for Determining Outliers
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Figure 156: Cochran'’s test - sample standard deviations
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Figure 157: Grubbs’ test - average values
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18.2.3 Mandel's Statistics
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Figure 158: Intralaboratory Consistency Statistic
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Figure 159: Interlaboratory Consistency Statistic
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18.2.4 Descriptive statistics
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Figure 160: Histogram of all test results
Table 56: Descriptive statistics
Characteristics [N/mm?]
Prlimérna hodnota / Average value - x 0.5
Vybérova smérodatna odchylka / Sample standard deviation - s 0.21
Vztazna hodnota / Asigned value - x* 0.5
Robustni smérodatna odchylka / Robust standard deviation - s* 0.21
Nejistota méFeni vztazné hodnoty / Measurement uncertainty of asigned value - ux 0.46
p-hodnota testu normality / p-value of normality test 0.134 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s, 0.21
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 0.09
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg 0.23
Opakovatelnost / Repeatability - r 0.2

Reprodukovatelnost / Reproducibility - R 0.6



18.2.5 Evaluation of Performance Statistics
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Figure 161: Average values and sample standard deviations
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Figure 162: Average values and extended uncertainties of measurement
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Figure 163: z-score
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Figure 164: (-score
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Table 57: z-score and ¢-score

ID z-score [-] (¢-score [-]
663aa5 -1.08 -0.48
43b61e -0.6 -0.28

605eff 0.66 0.3
35d72a 1.02 0.45

19 Appendix — EN 12004-2 (art. 8.2) - Slippage

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

Proficiency Testing Provider at the SZK FAST | Z 7008 LY Pas]
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20 Appendix - EN 12004-2 (art. 8.3.3.2) — Adhesion
201 Testresults

Table 58: Test results - ordered by average value. Outliers are marked by red color. ux - extended uncer-
tainty of measurement; x - average value; sy - sample standard deviation; Vyx - variation coefficient

ID Test results ux X So Vx
[N/mm?] IN/mm?]  [N/mm?] [N/mm?3]  [%]
43b61e 0.2 03 0.2 03 02 02 02 03 02 02 0.0 0.2 0.05 22.55
605eff 0.7 08 08 08 08 08 08 08 08 0.8 0.0 0.8 0.02 2.0
431546 11 13 07 11 08 1.0 08 0.7 0.7 09 0.1 0.9 0.21 22.85

20.2 The Numerical Procedure for Determining Outliers
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Figure 165: Cochran'’s test - sample standard deviations
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Figure 166: Grubbs’ test - average values

20.3 Mandel's Statistics
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Figure 167: Intralaboratory Consistency Statistic
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Figure 168: Interlaboratory Consistency Statistic

204 Descriptive statistics
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Figure 169: Histogram of all test results
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Table 59: Descriptive statistics

Characteristics [N/mm?]
Priimérna hodnota / Average value - x 0.6
Vybérova smérodatna odchylka / Sample standard deviation - s 0.36
Vztazna hodnota / Asigned value - x* 0.6
Robustni smérodatna odchylka / Robust standard deviation - s* 0.36
Nejistota méFeni vztazné hodnoty / Measurement uncertainty of asigned value - ux 0.6
p-hodnota testu normality / p-value of normality test 0.346 [-]
Mezilaboratorni sm. odch. / Interlaboratory standard deviation - s, 0.36
Smérodatna odchylka opakovatelnosti / Repeatability standard deviation - s, 0.12
Smérodatna odchylka reprodukovatelnosti / Reproducibility standard deviation - sg 0.38
Opakovatelnost / Repeatability - r 0.3
Reprodukovatelnost / Reproducibility - R 1.1

20.5 Evaluation of Performance Statistics
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Figure 170: Average values and sample standard deviations



1.75 A Asigned value 4
Vztaznd hodnota
z-score=2/-2
1.50 z-score=3/-3
15 Average value of laboratory
1.25 Pramérny vysledek laboratore
~ 1.00 A
: ¢
> 0.75 ¢
0.50 A
0.25 - ®
0.00
T T T
U] & ©
l\’
© & 2
A S v
< Ao
ID
Figure 171: Average values and extended uncertainties of measurement
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Figure 172: z-score
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Figure 173: ¢-score

Table 60: z-score and (-score

ID z-score [-] (¢-score [-]
43b61e -1.13 -0.68
605eff 0.36 0.22
431546 0.77 0.46

21 Appendix - EN 12004-2 (art. 8.3.3.3) — Adhesion

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

22 Appendix - EN 196-2 (art. 4.4.6) — Determination of manganese content

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