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1 Introduction and Important Contacts

In the year 2022, the Proficiency Testing Provider at the SZK FAST (PT Provider) initiated the Proficiency
Testing Program (PTP) designated ZZB 2022/1 whose aim was to verify and assess the conformity of test
results across laboratories when testing hardened concrete.

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:

—_

. EN 12390-3 - Compressive strength of test specimens [[1]].
. EN 12390-7 - Density of hardened concrete [2].
. EN 12390-8 - Depth of penetration of water under pressure [3].

. EN 480-11 - Determination of air void characteristics in hardened concrete [4].

. €SN 73 1324 - Determination of grindability of concrete [6].
. €SN 73 1326 - Resistance of cement concrete surface to water and defrosting chemicals - Method A[[7].

2

3

4

5. €SN 73 1322 - Determination of frost resistance of concrete [5].

6

7

8. €SN 73 1326 - Resistance of cement concrete surface to water and defrosting chemicals - Method C[[7].
9

. CEN/TS 12390-9 - Freeze-thaw resistance - Scaling [8].

Testing procedure 6 and 9 was not open due to low interest from laboratories.

The supplier, BETOTECH s. r. 0., was responsible for the preparation of hardened concrete for the
PTP. Fresh concrete for the preparation of test samples was taken from one production batch prepared
in accordance with methods stipulated in EN 206 [9]. Fresh concrete was poured into test molds, which
were always of the same type, and after removal from the molds the test specimens were placed under
identical conditions in storage rooms complying with the requirements for individual specifications.

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 I1SO 5725-2 [[10] and with EN ISO/IEC 17043 [[11]. The outcome is
the present final report summarizing the results of the interlaboratory comparison, including statistical
evaluation.

54 laboratories took partin 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 / Testing method 1
b52acf X X
6c2487
df4dof
989058
37c007
6ed82b
facf57
6e9eab
af100e
4c82fb
bbébdd
82c46f
€87900
01ddc2
1a9b52
cc07d4
26900
fbc27e
169dcb
51e368
6dbc32
a27cc0
7e10c2
7ba334
a38a65
8fa288
d439b1
61962a
a35f46
71016f
cclbc4d
5c¢85f7
744786
426734
ad3746
91771
153cae
cbcf55
b0f36e
9de304
c688a3
00ca75
91f096
cd9809 - - - -
8ccfce - - - -
983fd0 X X - - - - - - -
61a7d1 - - X X - - - - -
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ID / Testing method

7079bd
8b7553
3e5825
1cabd9
70c873
3730f3
7d3785

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

number in Table 1

Laboratory

A.D. CRNAGORAPUT Sektor za
laboratorijska ispitivanja - TPA

ALFA TEST

Ang Pin Wei

BETOTECH, s.r.o. Laborator Ostrava

BETOTECH, s.r.o. - pracovisté
Beroun

BETOTECH, s.r.o. - pracovisté Cheb

BETOTECH, s.r.o. - pracovisté
JindfichGv Hradec

BETOTECH, s.r.o. - pracovisté Klatovy
BETOTECH, s.r.0. - pracovisté Most
BETOTECH, s.r.o. - pracovisté
Trutnov

CS-BETON s.r.o.

Camillo Sitte Versuchsanstalt fur
Bautechnik

Cement Hranice, akciova spole¢nost
Cemex CR s.r.o.

Centrum dopravniho vyzkumu, v. v.
[

D.0.0. "GEOMEHANIKA”

Danucem Slovensko a.s. , RohozZnik

1 2 3 456 7 8
X X X - - - - -
X X X - - - - -
I
X X X - - - X -
X X - - - - - -
X - - - - - ..
X X X - - - - -

Address

Ulica Zetskih Vladara broj 5,
Podgorica, 81000, Montenegro ,
Europe

Palaiopanagias 13, Paiania, 190 02,
Attiki, Greece

71 Toh Guan Road East #02-02,
TCH Techcentre, Singapore 608598,
Singapore, 608598, Singapore
Mistecka 1121, Ostrava - Vitkovice,
703 93, Ceska republika

Beroun 660, Beroun, 26601, Ceska
Republika

Beroun 660, Beroun, 26601, Ceska
republika

Beroun 660, Beroun, 26601, Ceska
republika

Beroun 660, Beroun, 26601, Ceska
republika

Beroun 660, Beroun, 26601, Ceska
republika

Beroun 660, Beroun, 26601, Ceska
republika

Velké Zernoseky 184, LitoméFice, 412
01, Ceska republika

Leberstrasse 4c, Vienna, 1030,
Austria
Bélotinska 288, Hranice | - Mésto,

75301, Ceska republika

§emtin 102, Pardubice, 533 54,
Ceska republika

Liseriskd 33a, Brno, 636 00, Ceska

republika

Dobropoljsla 21, Beograd, 11000,
Srbija

Danucem Slovensko a. S.,

Technicko - kompetencné centrum,
Pestovatelska 2, Bratislava, 821 04,
Slovenska republika

Accreditation number

L1195.2

AZL 1195

AZL 1195

AZL 1195

AZL 1195

AZL 1195

AZL 1195

1500

0046

1284

1302

1506

01-198

426/S-313



Laboratory

Generalna Dyrekcja Drog Krajowych
i Autostrad Oddziat w Biatymstoku

Geoput d.o.o. Beograd

Gratz University of Technology
Holcim (Hrvatska) d.o.o.
Institut za beton d.o.o.

Institut za gradevinarstvo "IG”

JKV TEST s.r.o.

Magnel-Vandepitte Laboratory
Master Builders Solutions CZ s.r.o.
Materialprufinstitut Nord (MPI Nord)
Northern Regional Lab

Narodna dialni¢na spolocnost a. s.

QCONTROL s.r.o0., odstépny zavod -
PRACOVISTE DECIN
QUALIFORM, a.s.

SQZ, s.r.o. - Ustfedni laboratof Praha
- pracovisté Dobrany
Skanska a.s.
Stachema CZ s.r.o. - zkusebnf
laboratof - pracovisté 1

TESTAV-LAB s.r.o.

TPA za obezbedenje kvaliteta i
inovacije d.o.o. Beograd

TPA CR s.r.o. - pracovi$té Ostrava
TPA CR, s.r.o. - pracovisté Praha

TPA CR, s.r.o. - pracovisté ¢.1 Ceské
Budéjovice
TPA CR, s.r.o.
Bystrice
TZUS Praha, s.p.
Ceské Budg&jovice
Technicky a zkuSebni Ustav Praha,
s.p., Centralni laboratof, zkuSebna
0500 Pfedméfice nad Labem

pracovisté ¢.4 Velka

- pobocka 0200

Address

Zwyciestwa 2, Bialystok, 15-703,
Poland

Tome Rosandi¢a 2, Beograd, 11010,
Srbija

Rechbauerstrasse 12, Graz, 8010,
Austria

Koromacno 7b, Koromacno, HR 52
222, Croatia

Ugrinovacki put 31. deo 50, Belgrade
- Zemun, 11080, Serbia

Kralja Petra | Karadordevica
92-98, Banja Luka, 78000, Bosna
i Hercegovina

Suhrady 148/4, Vresina, 747 20,
Ceska republika
Technologiepark-Zwijnaarde 60,
Zwijnaarde (Ghent), 9052, Belgium

K Majovu 1244, Chrudim, 537 01,
Ceska republika

Raiffeisenstrasse 8,
Grossburgwedel, 30938, Germany
Canna Road, Tabuan Jaya, Kuching,
93350, Sarawak, Malaysia
Dubravskd cesta 14, Bratislava,
84104, Slovenska republika

Lesni 693, Bilovice nad Svitavou,
66401, Ceska republika

Mlaty 672/8, BRNO, 64200, Ceska
republika

U mistni drahy, 939/5, Olomouc -
Nova Ulice, 779 00, Ceska republika
KFizikova 682/34a, Praha 8- Karlin,
186 00, Ceska republika

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

Chodska 7, Liberec 3, 466 10, CR

Milutina Milankovica 3B, Novi
Beograd, 11070, Serbia
Vrbenska 1821/31, Ceské

Budgjovice, 370 06, Ceska republika
Vrbenska 1821/31, Ceské
Budéjovice, 370 06, Ceska republika
Vrbenska 1821/31, Ceské
Budéjovice, 370 06, Ceska republika
Tovarni 731, Velka Bystfice, 783 53,
Ceska republika

Nemanicka 441/8, Ceské Budé&jovice,
37010, Ceska republika

Prdmyslova 283, Pfedméfice nad
Labem, 503 02, Ceska republika

Accreditation number

126366206

01-511

1294

220-TEST

1495

456/5-328

1737

1008

1135.2

1355

1433

1180
01-280

1181

1181

1181

1181

1018.3

1018.3



Laboratory

Technicky a zkuSebni Ustav stavebni
Praha, s. p. Centralni laboratof -
zkuSebna Brno

Technicky a zkuSebni Ustav stavebni
Praha, s.p.

Technicky a zkuSebni Ustav stavebni
Praha, s.p.

Technicky a zkuSebni Ustav stavebni
Praha, s.p. Pobocka Plzen
Universitat fur Bodenkultur Wien,
Department far Bautechnik
und Naturgefahren, Institut fur
Konstruktiven Ingenieurbau
Univerzitet u Zenici, Institut "Kemal
Kapetanovic” u Zenica

Vysoké uceni technické v Brné,
Fakulta stavebni, ZkuSebni laboratof
pFri UTHD FAST VUT v Brné - & 1396
Vyzkumny Ustav pozemnich staveb
- Certifikacni spole¢nost s.r.o. -
Pobocka Brno

Vyzkumny Ustav pozemnich staveb
- Certifikacni spole¢nost s.r.o. -
Pobocka Praha-Uhfinéves

Z7008

Ustav stavebniho zkugebnictvi s.r.o.

Reditelstvi silnic a dalnic CR

Address

Ijnévkovského 77, Brno,
Ceska republika

61700,

Tolstého 447, Teplice, 41503, Ceska
republika

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

Zahradni 15, Plzeri, 326 00, Ceska
republika

Peter-Jordan-Str.
Austria

82, Vienna, 1190,

Travnicka cesta br.7, Zenica, 72 000,
Bosna i Herzegovina

Vevefi 331/95, Brno, 60200, Ceské
republika

Prazska 810/16, Praha 10, 102 21,
Ceska republika

Prazska 810/16, Praha 10, 102 21,
Ceska republika

Vevefi 95, 60200, Ceska
republika

Jifiho Potlcka 115, Pardubice, 53009,
Ceska republika

RebeSovicka 40, Brno-Chrlice, 643
00, Ceska republika

Brno,

Accreditation number
1018.3

1018.3

1018.3

1018.3

L1396

1234

1234

Z7008

1115

1072



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 (symbol .).

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 (symbol

).

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. The following scales are
applied for the z-score values:

* |z-score| < 2 = shows that the laboratory performance is satisfactory and generates no signal
-v.

+ 2 < |z-score| < 3 = shows that the laboratory performance is questionable and generates an
action signal -

* |z-score| > 3 = shows that the laboratory performance is unsatisfactory and generates an
action signal - [fI.

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 Strength and Durability of
Hardened Concrete (PT Program) organized by the PT Provider at the SZK FAST. 54 participants (laboratories)
took partinthe PT Program. The program focused on ordinary standardized testing of hardened concrete
with emphasis on its strength and durability. 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 3
shows the evaluation of the laboratory performance according to EN ISO/IEC 17043 [[11].

Test procedures 7 and 8 were evaluated as a multilevel experiment. The level of the experiment was
always composed of the number of freeze-thaw cycles. Laboratory performance was marked other than
satisfactory only when critical z-score values were exceeded at two or more experiment levels.

Table 3: Evaluation of overall performance and outliers.
v - satisfactory performance; [%| - questionable performance; n - unsatisfactory performance;

M - outlier;

ID / Method
b52acf
6c2487 - -
df4dof
989058
37c007 - - - V- - - - -
6ed82b v v

facf57 - S A L
6e9eab v v

af100e N - -
4c82fb v

bbébdd - -V

82c46f - - v - - - - /-
€87900 v v v
01ddc2 v 7
1a9%p52 - - - - - - V- -
cc07d4
26900 N N
fbc27e
169dcb
51e368 - S
6dbc32
a27ccO
7e10c2
7ba334
a386s - - v - - - - - -
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Continued from previous page

ID / Method
8fa288
d439b1
61962a
a35f46
71016f
cclbc4
5c¢85f7
744786
426734
ad3746
91771
153cae
cbcf55
b0f36e
9de304
c688a3
00ca75
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1 Appendix - EN 12390-3 - Compressive strength of test specimens

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?] IN/mm?2] [N/mm2Z] [N/mm?3] [%]
51e368 46.0 433 424 4.0 43.9 1.87 4,27
cc07d4 434 457 439 1.2 44 .3 1.21 2.73
26f900 46.0 435 457 1.6 451 1.37 3.03
df4dof 44.6 48.7 43.8 49 45.7 2.63 5.75
cclbcd 451 469 46.5 2.3 46.2 0.95 2.05
af100e 47.4 445 47.0 0.0 46.3 1.61 3.47
9de304 45.6 47.8 455 2.9 46.3 1.3 2.81
4c82fb 46.7 45.7 46.6 0.3 46.3 0.55 1.19
983fd0 41.2 49.3 48.8 12.1 46.4 454 9.78
01ddc2 46.6 454 47.5 0.5 46.5 1.1 2.36
b52acf 46.5 46.4 47.0 2.5 46.6 0.32 0.69
6e9eab 47.1 47.7 45.5 0.5 46.8 1.14 2.43
3730f3 48.7 46.7 45.4 - 46.9 1.68 3.58
61962a 47.3 47.7 46.1 - 47.0 0.83 1.77
8fa288 49.7 45.2 46.4 7.0 471 2.33 495
6dbc32 46,5 480 46.9 3.3 47 1 0.78 1.65
7ba334 48.3 47.7 454 1.0 471 1.53 3.25
a27ccO0 485 46.2 47.4 2.5 47.4 1.15 2.43
fbc27e 475 51.5 435 0.4 47.5 4.0 8.42
d439b1 47.4 478 475 2.3 47.6 0.21 0.44
71016f 475 482 47.6 0.7 47.8 0.38 0.79
70c873 46.2 47.8 494 1.0 47.8 1.6 3.35
c91771 47.3 48.6 47.8 1.6 47.9 0.66 1.37
7e10c2 47.4 48.1 48.3 1.7 47.9 0.47 0.99
cbcf55 48.7 469 48.4 0.2 48.0 0.96 2.01
a35f46 48.0 47.7 48.8 1.0 48.2 0.57 1.18
153cae 48.3 488 47.5 1.2 48.2 0.66 1.36
b0f36e 48.5 47.8 485 1.2 48.3 0.4 0.84
169dcb 47.2 47.8 50.5 3.0 48.5 1.76 3.62
ad3746 49.3 47.7 48.7 0.2 48.6 0.81 1.66
1cabd9 49.1 48.4 48.3 2.7 48.6 0.44 0.9
7079bd 48.0 49.3 48.6 2.0 48.6 0.65 1.34
5¢85f7 50.3 475 48.6 1.5 48.8 1.41 2.89
426734 48.8 49.6 48.9 3.5 49.1 0.44 0.89
989058 50.3 48.3 49,5 - 49.4 1.01 2.04
8b7553 50.2 49.0 495 3.1 49.6 0.6 1.22
91f096 51.1 49.2 48.7 0.4 49.7 1.27 2.55
c87900 51.8 50.9 499 - 50.9 0.99 1.95
6ed82b 52.5 50.0 50.5 45 51.0 1.32 2.59
7d3785 559 553 543 - 55.2 0.81 1.47



iers

Outl

1.2 The Numerical Procedure for Determ

[ Sample standard deviation

= = 5% Critical Value
[ Stragglers

= 1% Critical Value

ining

ID

Figure 1: Cochran's test - sample standard deviations
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Figure 3: Grubbs’ test - average values without outliers
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Figure 4: Intralaboratory Consistency Statistic
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Table 5: 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 - sz
Repeatability - r

Reproducibility - R

Evaluation of Performance Statistics
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1.54
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Figure 7: Average values and sample standard deviations
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Figure 9: z-score
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Table 6: z-score and ¢-score

ID
51e368
cc07d4
26900
df4dof
cclbcd
af100e
9de304
4c82fb
983fd0
01ddc2
b52acf
6e9eab
3730f3
61962a
8fa288
6dbc32
7ba334
a27cc0
fbc27e
d439b1
71016f
70c873
c91771
7e10c2
cbcf55
a35f46
153cae
b0f36e
169dcb
ad3746
1ca5d9
7079bd
5¢85f7
426734
989058
8b7553
91f096
c87900
6ed82b

z-score [-]
-2.47
-2.18
-1.69
-1.27
-0.96
-0.87
-0.87
-0.85
-0.78
-0.73
-0.65
-0.56
-0.47
-0.38
-0.34
-0.31
-0.31
-0.16
-0.07
-0.03
0.11
0.13
0.2
0.22
0.26
0.38
0.4
0.44
0.6
0.64
0.66
0.69
0.8
1.0
1.18
1.31
1.38
2.18
2.26

¢-score [-]
-0.92
-2.64
-1.56
-0.39
-0.62
-4.35
-0.45
-3.0
-0.1
-1.88
-0.39
-1.44

-0.07
-0.14
-0.45
-0.09
-0.21
-0.02
0.22
0.19
0.18
0.19
1.04
0.54
0.48
0.54
0.3
2.71
0.37
0.51
0.78
0.43

0.63
412

0.75



2 Appendix - EN 12390-7 - Density of hardened concrete

21 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 S0 Vix
[kg/m?3] [kg/m3] [kg/m3] [kg/m3]  [%]

153cae 2280 2280 2280 32 2280 0.0 0.0
01ddc2 2275 2289 2278 20 2281 7.1 0.31
9de304 2290 2290 2290 10 2290 0.0 0.0
6e9eab 2301 2276 2302 20 2293 14.7 0.64
983fd0 2280 2300 2300 41 2293 11.5 0.5
426734 2290 2300 2290 30 2293 5.8 0.25
a35f46 2290 2290 2300 10 2293 5.8 0.25
b0f36e 2300 2290 2300 32 2297 5.8 0.25
b52acf 2300 2290 2310 12 2300 10.0 0.43
8b7553 2300 2300 2300 30 2300 0.0 0.0
7079bd 2300 2300 2300 10 2300 0.0 0.0
c91771 2300 2300 2300 11 2300 0.0 0.0
71016f 2310 2290 2300 26 2300 10.0 0.43
a27cc0 2290 2300 2310 115 2300 10.0 0.43
8fa288 2300 2310 2290 14 2300 10.0 0.43
6ed82b 2300 2300 2300 35 2300 0.0 0.0
6dbc32 2290 2290 2320 30 2300 17.3 0.75
d439b1 2300 2290 2310 40 2300 10.0 0.43
cbcf55 2310 2290 2310 10 2303 11.5 0.5
61962a 2310 2300 2300 - 2303 5.8 0.25
7ba334 2310 2300 2300 32 2303 5.8 0.25
5c¢85f7 2300 2300 2310 10 2303 5.8 0.25
70c873 2310 2300 2300 10 2303 5.8 0.25
cclbcd 2300 2320 2300 20 2307 11.5 0.5
1cabd9 2310 2310 2300 20 2307 5.8 0.25
7d3785 2320 2303 2303 - 2309 9.8 0.43
169dcb 2320 2300 2310 30 2310 10.0 0.43
ad3746 2310 2320 2310 10 2313 5.8 0.25
c87900 2340 2306 2300 - 2315 21.6 0.93
7e10c2 2310 2320 2320 20 2317 5.8 0.25
fbc27e 2300 2320 2330 15 2317 15.3 0.66
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Figure 11: Cochran’s test - sample standard deviations
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Figure 12: Grubbs’ test - average values



2.3 Mandel's Statistics
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Figure 13: Intralaboratory Consistency Statistic
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Figure 14: Interlaboratory Consistency Statistic



24 Descriptive statistics
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Figure 15: Histogram of all test results

Table 8: Descriptive statistics

Characteristics [kg/m3]
Average value - x 2301
Sample standard deviation - s 8.8
Asigned value - x* 2301
Robust standard deviation - s* 10.8
Measurement uncertainty of asigned value - ux 1.9
p-value of normality test 0.0 []
Interlaboratory standard deviation - s, 7.0
Repeatability standard deviation - s, 9.3
Reproducibility standard deviation - sg 11.6
Repeatability - r 26

Reproducibility - R 33



2.5 Evaluation of Performance Statistics
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Figure 16: Average values and sample standard deviations
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Figure 17: Average values and extended uncertainties of measurement
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Table 9: z-score and ¢-score

ID
153cae
01ddc2
9de304
6e9eab
983fd0
426734
a35f46
b0f36e
b52acf
8b7553
7079bd
91771
71016f
a27cc0
8fa288
6ed82b
6dbc32
d439b1
cbcf55
61962a
7ba334
5c85f7
70c873
cclbc4
1ca5d9
7d3785
169dcb
ad3746
87900
7e10c2
fbc27e

z-score [-]
-1.94
-1.89
-1.02
-0.74
-0.71
-0.71
-0.71
-0.4
-0.09
-0.09
-0.09
-0.09
-0.09
-0.09
-0.09
-0.09
-0.09
-0.09
0.22
0.22
0.22
0.22
0.22
0.52
0.52
0.71
0.83
1.14
1.33
1.45
1.45

¢-score [-]
-0.65
-1.02
-1.08
-0.4
-0.19
-0.25
-0.75
-0.14
-0.08
-0.03
-0.1
-0.09
-0.04
-0.01
-0.07
-0.03
-0.03
-0.02
0.23

0.07
0.23
0.23
0.28
0.28
0.3
1.21

0.78
1.04



3 Appendix - EN 12390-8 - Depth of penetration of water under pressure

3.1 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
[mm] [mMm] [mm] [mm] [%]
7d3785 1 2 4 - 2 1.5  65.47
51e368 0 5 7 2.0 4 3.6 90.14
6e9eab 10 8 9 3.0 9 1.0  11.11
3e5825 10 9 9 2.0 9 06 6.19
facf57 10 9 10 1.0 10 0.6 5.97

744786 8 13 8 0.0 10 29 29.86
6c2487 9 9 12 - 10 1.7 1732
df4dof 10 9 15 6.0 11 3.2 28.36
153cae 14 10 11 1.0 12 2.1 17.84
91771 9 12 14 1.0 12 25 21.57
ad3746 12 14 10 2.0 12 20 16.67
b0f36e 14 10 13 0.0 12 2.1 16.88
d43%1 12 11 14 20 12 1.5 1239
cclbc4 10 12 15 3.0 12 2.5 20.4
c87900 14 10 13 - 12 2.1 16.88
a38ab5 12 13 16 0.0 14 2.1 15.23
688a3 11 16 16 3.0 14 29 2014
7e10c2 13 16 14 1.0 14 1.5 10.66
61962a 14 16 14 - 15 1.2 7.87
b52acf 15 15 14 2.0 15 0.6 3.94
82c46f 17 15 13 0.0 15 20 1333
cbef55 15 17 13 2.0 15 20 1333
426734 15 16 16 5.0 16 0.6 3.69
7079pd 15 17 16 2.0 16 1.0 6.25
1ca5d9 15 18 16 4.0 16 1.5 9.35
8b7553 17 17 18 2.0 17 0.6 3.33
9de304 17 18 18 2.0 18 0.6 3.27
61a7d1 17 15 23 3.0 18 42 2271
6dbc32 12 29 17 240 19 8.7 45.19
bbébdd 21 18 19 2.0 19 1.5 7.9

6ed82b 23 18 21 3.0 21 25 1218
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Figure 20: Cochran'’s test - sample standard deviations
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Figure 21: Cochran'’s test - sample standard deviations without outliers
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Figure 22: Grubbs’ test - average values
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Figure 23: Intralaboratory Consistency Statistic
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Figure 24: Interlaboratory Consistency Statistic

3.4 Descriptive statistics
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Figure 25: Histogram of all test results



Table 11: Descriptive statistics

Characteristics [mm]
Average value - x 13.0
Sample standard deviation - s 4.0
Asigned value - x* 13.0
Robust standard deviation - s* 3.8
Measurement uncertainty of asigned value - ux 0.8
p-value of normality test 1.0 [-]
Interlaboratory standard deviation - s, 3.8
Repeatability standard deviation - s, 2.1
Reproducibility standard deviation - sg 4.4
Repeatability - r 6.0
Reproducibility - R 12.0

3.5 Evaluation of Performance Statistics
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Figure 26: Average values and sample standard deviations
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Figure 27: Average values and extended uncertainties of measurement
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Figure 28: z-score
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Table 12: z-score and (-score

ID
7d3785
51e368
6e9eab
3e5825
facf57
744786
602487
df4dof
153cae
91771
ad3746
b0f36e
d439b1
cclbc4
c87900
a38a65
c688a3
7e10c2
6dbc32
61962a
b52acf
cbcf55
82c46f
426734
7079bd
1ca5d9
8b7553
9de304
61a7d1
bb6bdd
6ed82b

z-score [-]
-2.97
-2.53
-1.2
-1.11
-1.02
-1.02
-0.93
-0.58
-0.49
-0.49
-04
-0.31
-0.31
-0.31
-0.31
0.05
0.22
0.22
0.27
0.31
0.31
0.4
0.4
0.58
0.67
0.76
1.02
1.11
1.29
1.55
1.91

¢-score [-]
-4.43
-1.45
-1.94
-2.53
-4.15
-0.36
-1.45
-1.64
-0.89
-1.33
-0.54
-0.38

0.22
0.27
0.62
0.04

0.48
0.7
1.81
0.43
1.17
0.7
1.79
1.94
1.56
2.72
2.31



ZZB 2022/1 Appendix — EN 480-11 — Determination of air void characteristics in hardened concrete

4 Appendix - EN 480-11-Determination of air void characteristics in hardened
concrete

41 Total air content
411 Testresults

Table 13: Test results - ordered by average value. Outliers are marked by red color. ux - extended
uncertainty of measurement.

ID Testresults  ux
[%] [%]

61a7d1 3.43 0.8
c688a3 3.89 0.08
7ba334 4.5 0.22
37c007 4.85 0.21
df4dof 8.67 0.85

4.1.2 The Numerical Procedure for Determining Outliers
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Figure 30: Grubbs’ test - average values
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41.3 Mandel's Statistics
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Figure 31: Interlaboratory Consistency Statistic

4.1.4 Descriptive statistics
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Table 14: Descriptive statistics

Characteristics [%]
Average value - x 5.07
Sample standard deviation - s 2.086
Asigned value - x* 5.07
Robust standard deviation - s* 2.116
Measurement uncertainty of asigned value - ux ~ 1.183
p-value of normality test 0.07 [-]

415 Evaluation of Performance Statistics
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Figure 33: Average values and extended uncertainties of measurement
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Table 15: z-score and ¢-score

ID z-score [-] (¢-score [-]
61a7d1 -0.77 -1.15
c688a3 -0.56 -0.99
7ba334 -0.27 -0.47
37c007 -0.1 -0.18
df4dof 1.7 2.47
Proficiency Testing Provider at the SZK FAST | Z 7008 40/B9

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



ZZB 2022/1 Appendix — EN 480-11 — Determination of air void characteristics in hardened concrete

4.2 Micro air content Azqgg
421 Testresults

Table 16: Test results - ordered by average value. Outliers are marked by red color. ux - extended
uncertainty of measurement.

ID Testresults  ux
[%] [%]
37c007 1.36 0.07
7ba334 1.38 0.07
61a7d1 1.4 0.2
688a3 1.82 0.08
df4dof 3.72 0.42

4.2.2 The Numerical Procedure for Determining Outliers
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Figure 36: Grubbs’ test - average values
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4.2.3 Mandel's Statistics
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Figure 37: Interlaboratory Consistency Statistic

4.2.4 Descriptive statistics
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Figure 38: Histogram of all test results




Table 17: Descriptive statistics

Characteristics [%]
Average value - x 1.94
Sample standard deviation - s 1.016
Asigned value - x* 1.87
Robust standard deviation - s* 1.05
Measurement uncertainty of asigned value - ux ~ 0.587
p-value of normality test 0.006 [-]

4.25 Evaluation of Performance Statistics
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Figure 39: Average values and extended uncertainties of measurement
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ZZB 2022/1 Appendix — EN 480-11 — Determination of air void characteristics in hardened concrete

Table 18: z-score and ¢-score

ID z-score [-] (¢-score [-]
37c¢007 -0.49 -0.86
7ba334 -0.47 -0.83
61a7d1 -0.45 -0.76
c688a3 -0.05 -0.08
df4dof 1.76 2.56
Proficiency Testing Provider at the SZK FAST | Z 7008 45/89

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



4.3 Spacing factorlL
431 Testresults

Table 19: Test results - ordered by average value. Outliers are marked by red color. ux - extended
uncertainty of measurement.

ID Test results ux
[mm] [mm]
df4dof 0.14 0.02
688a3 0.173 0.003
61a7d1 0.21 0.02

7ba334 0.287 0.01
37c007 0.304 0.016

4.3.2 The Numerical Procedure for Determining Outliers
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Figure 42: Grubbs' test - average values



ZZB 2022/1 Appendix — EN 480-11 — Determination of air void characteristics in hardened concrete

4.3.3 Mandel's Statistics
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Figure 43: Interlaboratory Consistency Statistic

4.3.4 Descriptive statistics
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Figure 44: Histogram of all test results
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Table 20: Descriptive statistics

Characteristics [mm]
Average value - x 0.223
Sample standard deviation - s 0.0711
Asigned value - x* 0.223
Robust standard deviation - s* 0.0721
Measurement uncertainty of asigned value - ux ~ 0.0403
p-value of normality test 0.542 [-]

4.3.5 Evaluation of Performance Statistics
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Figure 45: Average values and extended uncertainties of measurement
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ZZB 2022/1 Appendix — EN 480-11 — Determination of air void characteristics in hardened concrete

Table 21: z-score and ¢-score
ID z-score [-] (-score [-]

df4dof -1.15 -1.84
c688a3 -0.69 -1.23
61a7d1 -0.18 -0.28
7ba334 0.89 1.55
37c007 1.13 1.87

Proficiency Testing Provider at the SZK FAST | Z 7008 50/B9

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



ZZB 2022/1 Appendix — €SN 73 1322 — Determination of frost resistance of concrete

5 Appendix - CSN 73 1322 - Determination of frost resistance of concrete

5.1 Testresults

Table 22: Test results - ordered by average value. Outliers are marked by red color. ux - extended

Uncertainty of measurement.

ID Test results
[-]
6e9eab 0.13
6dbc32 0.15
cd9809 0.15
426734 0.16
8ccfce 0.16
00ca75 0.18

5.2 The Numerical Procedure for Determining Outliers
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Figure 48: Grubbs’ test - average values
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ZZB 2022/1 Appendix — CSN 73 1322 - Determination of frost resistance of concrete

5.3 Mandel's Statistics
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Figure 49: Interlaboratory Consistency Statistic

5.4 Descriptive statistics
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Figure 50: Histogram of all test results
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Table 23: Descriptive statistics

Characteristics [-]
Average value - x 0.15
Sample standard deviation - s 0.018
Asigned value - x* 0.16
Robust standard deviation - s* 0.017
Measurement uncertainty of asigned value - ux ~ 0.007
p-value of normality test 0.689 [-]

5.5 Evaluation of Performance Statistics
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Figure 51: Average values and extended uncertainties of measurement
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Figure 52: z-score
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Z7B 2022/1

6 Appendix - CSN 73 1324 - Determination of grindability of concrete

This part of the PT program was not opened due to low interest from laboratories.

Appendix — CSN 73 1324 - Determination of grindability of concrete

Table 24: z-score and ¢-score

ID
6e9eab
6dbc32
cd9809
426734
8ccfce
00ca75

z-score [-]
-1.82
-0.42
-0.42
0.16
0.16
1.32

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

szk.fce.utbr.cz | ptprovider.cz

¢-score [-]
-0.62
-0.09
0.4
0.03

55/89



7 Appendix — CSN 73 1326 - Resistance of cement concrete surface to water
and defrosting chemicals — Method A

71 25 cycles
711 Testresults

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

ID Test results ux X S0 Vx
[g/m?] [g/m?] [g/m?] [g/m?]  [%]
1a9b52 70.1 824 784 160 770 627 8.5
1ca5d9 83.1 1333 776 40 980 30.69 31.32
d439b1 136.8 179.5 98.6 - 1383 40.47 29.26
6dbc32 120.0 153.0 216.0 127.0 163.0 4877 29.92
df4dof 185.1 181.5 2220 60.0 1962 2242 11.42
afl00e 226.7 2389 1342 85 1999 57.25 28.64
6ed82b 247.1 211.8 145.1 - 2013 518 2573
688a3 2350 251.0 184.0 100.0 2233 3499 1567
9de304 243.7 231.1 2103 343 2284 16.87 7.39
00ca75 243.0 293.7 282.0 - 2729 2655 9.73

71.2 The Numerical Procedure for Determining Outliers
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Figure 54: Cochran'’s test - sample standard deviations
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Figure 55: Grubbs' test - average values
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Figure 56: Intralaboratory Consistency Statistic



ZZB 2022/1 Appendix - CSN 73 1326 — Resistance of cement concrete surface to water and defrosting chemicals — Method A
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Figure 57: Interlaboratory Consistency Statistic

71.4 Descriptive statistics
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Figure 58: Histogram of all test results
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Table 26: Descriptive statistics

Characteristics [g/m?]
Average value - x 179.8
Sample standard deviation - s 60.85
Asigned value - x* 187.4
Robust standard deviation - s* 52.47
Measurement uncertainty of asigned value - ux ~ 20.74
p-value of normality test 0.081 [-]
Interlaboratory standard deviation - s, 56.99
Repeatability standard deviation - s, 36.98
Reproducibility standard deviation - sg 67.93
Repeatability - r 103.5
Reproducibility - R 190.2

71.5 Evaluation of Performance Statistics
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Figure 59: Average values and sample standard deviations
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Figure 60: Average values and extended uncertainties of measurement
3 - Z-5core=2/-2 E
— Z-5core=3/-3
5 [ Questionable performance
1 4
g 0 — —1 —/1
2 L]
N
-1
-2 4= I R T B T T —
-3
T T T T T T T T T T
& ]
P 3 'y o S S N s S N
Q %) <)) &) Ny (S % (5e) m o
3 & ¥ 5 & & g S g S
~ ~ o © ° © o &) Q
ID

Figure 61: z-score
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Figure 62: ¢-score

Table 27: z-score and ¢-score

ID z-score [-] (-score [-]
1a9b52 -2.1 -4.22
1ca5d9 -1.7 -4.23
d439b1 -0.94 -
6dbc32 -0.47 -0.19
df4dof 0.17 0.14
af100e 0.24 0.56
6ed82b 0.27 -
c688a3 0.68 0.35
9de304 0.78 1.02

00ca75 1.63 -




7.2 50cycles

721 Testresults

Table 28: 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 S0 Vix
[g/m?] [g/m?] [g/m?] [g/m?]  [%]
afl00e 183.6 88.1 889 85 1202 5491 4568
9de304 186.8 188.5 196.6 285 1906 524 275
1ca5d9 198.0 2737 1678 86 2132 5455 2559
1a9b52 226.0 286.3 247.1 80.0 253.1 306 12.09
d439b1 270.1 404.0 197.1 - 290.4 104.93 36.13
6dbc32 256.0 305.0 452.0 266.0 3377 102.0 30.21
dfadof 3513 369.9 4315 113.0 3842 4198 10.92
6ed82b 443.1 4157 294.1 - 3843 7931 2064
00ca75 331.3 420.8 405.4 - 385.8 4785 124
c688a3 412.0 459.0 388.0 1000 419.7 3612 861

7.2.2 The Numerical Procedure for Determining Outliers

160 1 == = 5% Critical Value g
= 1% Critical Value
140 + [ Sample standard deviation

120 A

100 A

80 A

[g/m?]

60

40 A

20 A

0 | |

aflooe i

%~
S & & 5 & 8 A
m 2] Q () (@] N (59) I %
g & 5 ¢ 5 § § § ¢
(o)) ~ ~ kel © © (&) (9]

ID

Figure 63: Cochran'’s test - sample standard deviations
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Figure 64: Grubbs' test - average values
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Figure 65: Intralaboratory Consistency Statistic
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Figure 66: Interlaboratory Consistency Statistic
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Figure 67: Histogram of all test results
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Table 29: Descriptive statistics

Characteristics [g/m?]
Average value - x 297.9
Sample standard deviation - s 100.77
Asigned value - x* 301.5
Robust standard deviation - s* 101.3
Measurement uncertainty of asigned value - ux ~ 40.04
p-value of normality test 0.085 [-]
Interlaboratory standard deviation - s, 93.91
Repeatability standard deviation - s, 63.26
Reproducibility standard deviation - sg 113.23
Repeatability - r 177.1
Reproducibility - R 317.0

7.2.5 Evaluation of Performance Statistics
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Figure 68: Average values and sample standard deviations
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Figure 69: Average values and extended uncertainties of measurement
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Figure 70: z-score
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Figure 71: ¢-score

Table 30: z-score and ¢-score

ID
af100e
9de304
1ca5d9
1a9b52
d439b1
6dbc32
df4dof
6ed82b
00ca75
c688a3

z-score [-]
-1.79
-1.09
-0.87
-0.48
-0.11
0.36
0.82
0.82
0.83
1.17

¢-score [-]
-4.43
-2.26
-2.16
-0.54
0.13
0.69

1.1




7.3 75cycles

7.31 Testresults

Table 31: 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 S0 Vix
[g/m?] [g/m?] [g/m?] [g/m?]  [%]
af100e 747 137.8 54.7 8.5 89.1 43.37  48.7
9de304 181.8 231.5 2444 329 219.2 33.05 15.08
1ca5d9 348.2 4337 301.5 145 361.1 67.04 18.56
1a9b52 417.0 498.0 439.2 109.0 4514 4186 9.27
d439b1 4245 6284 306.3 - 453.1 162.94 35.96
00ca75 406.4 530.3 502.3 - 479.7 6498 13.55
6dbc32 427.0 486.0 683.0 350.0 532.0 134.06 252
df4dof 505.5 549.1 6169 151.0 5572 56.14 10.08
6ed82b 643.1 603.9 5333 - 5934 55.64 9.38
c688a3 577.0 671.0 572.0 150.0 606.7 55.77 9.19
7.3.2 The Numerical Procedure for Determining Outliers
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Figure 72: Cochran'’s test - sample standard deviations
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Figure 73: Grubbs' test - average values
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Figure 74: Intralaboratory Consistency Statistic
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7.3.4 Descriptive statistics
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Table 32: Descriptive statistics

Characteristics [g/m?]
Average value - x 434.3
Sample standard deviation - s 167.72
Asigned value - x* 453.1
Robust standard deviation - s* 140.43
Measurement uncertainty of asigned value - ux ~ 55.51
p-value of normality test 0.094 [-]
Interlaboratory standard deviation - s, 160.89
Repeatability standard deviation - s, 82.05
Reproducibility standard deviation - sg 180.6
Repeatability - r 229.7
Reproducibility - R 505.7

7.3.5 Evaluation of Performance Statistics
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Figure 77: Average values and sample standard deviations
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Figure 78: Average values and extended uncertainties of measurement
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Figure 79: z-score
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Figure 80: ¢-score

Table 33: z-score and ¢-score

ID z-score [-] (-score [-]
af100e -2.59 -6.48
9de304 -1.67 -3.62
1ca5d9 -0.66 -1.6
1a9b52 -0.01 -0.01
d439b1 -0.0 -
00ca75 0.19 -
6dbc32 0.56 0.22
df4dof 0.74 0.65
6ed82b 1.0 -
c688a3 1.09 0.96



74 100 cycles

741 Testresults

Table 34: 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

[g/m?] [g/m?] [g/m?] [g/m?]  [%]
afl00e 729 149.0 733 85 984 4382 4453
9de304 203.9 221.0 2379 332 2209 170  7.69
1ca5d9 5109 6184 4556 212 5283 8278 15.67
00ca75 4771 626.8 590.4 - 564.8 78.07 13.82
d439b1  625.6 859.7 443.5 - 642.9 208.64 32.45
1a9b52 6469 698.0 690.2 68.0 6784 27.53 4.06
6dbc32 620.0 6780 929.0 428.0 7423 16424 22.12
df4dof 699.5 7940 8673 207.0 7869 84.12 10.69
6ed82b 894.1 8863 796.1 - 858.8 54.47 6.34
688a3 773.0 1012.0 807.0 350.0 864.0 129.29 14.96

74.2 The Numerical Procedure for Determining Outliers
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Figure 81: Cochran'’s test - sample standard deviations
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Figure 82: Grubbs' test - average values
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Figure 83: Intralaboratory Consistency Statistic
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Figure 84: Interlaboratory Consistency Statistic

74.4 Descriptive statistics
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Figure 85: Histogram of all test results
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Table 35: Descriptive statistics

Characteristics [g/m?]
Average value - x 598.6
Sample standard deviation - s 258.53
Asigned value - x* 641.2
Robust standard deviation - s* 193.88
Measurement uncertainty of asigned value - ux ~ 76.64
p-value of normality test 0.042 [-]
Interlaboratory standard deviation - s, 251.13
Repeatability standard deviation - s, 106.39
Reproducibility standard deviation - sg 272.73
Repeatability - r 297.9
Reproducibility - R 763.6

745 Evaluation of Performance Statistics
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Figure 86: Average values and sample standard deviations
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Figure 87: Average values and extended uncertainties of measurement
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Figure 88: z-score
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Figure 89: ¢-score

Table 36: z-score and ¢-score

ID z-score [-] (-score [-]
af100e -2.8 -7.04
9de304 -2.17 -5.03
1ca5d9 -0.58 -1.42

00ca75 -0.39 -
d439b1 0.01 -
1a9b52 0.19 0.36

6dbc32 0.52 0.23
df4dof 0.75 0.66
6ed82b 1.12 -

c688a3 1.15 0.62




8 Appendix - CSN 73 1326 - Resistance of cement concrete surface to water
and defrosting chemicals — Method C

81 25cycles
8.1.1 Testresults

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

ID Test results ux X S0 Vix
[g/m?] [g/m?] [g/m?] [g/m?]  [%]
c87900 1.6 1.1 1.4 - 1.4 0.25  18.41

426734 0.5 7.2 1.1 0.3 2.9 3.72 127.41
7e10c2 1176 111.8 100.8 22.0 110.1 8.53 7.75
82c46f 120.0 130.0 120.0 3.5 123.3 5.77 4.68
ad3746 83.8 268.0 161.9 25.6 171.2 9245  53.99
cclbc4 260.0 390.0 3000 70.0 316.7 66.58 21.03
153cae 350.8 3559 3049 26.6 337.2 28.09 8.33
c688a3 852.0 847.0 528.0 520.0 7423 185.63 25.01

812 The Numerical Procedure for Determining Outliers
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Figure 90: Cochran'’s test - sample standard deviations
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Figure 91: Cochran'’s test - sample standard deviations without outliers
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Figure 92: Grubbs' test - average values



8.1.3 Mandel's Statistics
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Figure 93: Intralaboratory Consistency Statistic
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Figure 94: Interlaboratory Consistency Statistic



8.1.4 Descriptive statistics
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Figure 95: Histogram of all test results

Table 38: Descriptive statistics

Characteristics [g/m?]
Average value - x 239.0
Sample standard deviation - s 276.5
Asigned value - x* 239.0
Robust standard deviation - s* 293.31
Measurement uncertainty of asigned value - ux  129.62
p-value of normality test 1.0 []
Interlaboratory standard deviation - s, 275.46
Repeatability standard deviation - s, 41.69
Reproducibility standard deviation - sg 278.59
Repeatability - r 116.7

Reproducibility - R 780.1



8.1.5 Evaluation of Performance Statistics
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Figure 96: Average values and sample standard deviations
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Figure 97: Average values and extended uncertainties of measurement
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Figure 98: z-score
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Figure 99: ¢-score
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Table 39: z-score and ¢-score

ID z-score [-] (¢-score [-]

¢87900 -0.81 -

426734 -0.81 -1.82
7e10c2 -0.44 -0.98
82c46f -0.39 -0.89
ad3746 -0.23 -0.51
cclbca 0.26 0.53
153cae 0.33 0.74
c688a3 2.08 1.14

Proficiency Testing Provider at the SZK FAST | Z 7008 86/B9

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



8.2 50cycles

8.21 Testresults

Table 40: 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 S0 Vix
[g/m?] [g/m?] [g/m?] [g/m?]  [%]
87900 2.2 1.9 2.0 - 2.0 0.15  7.51

426734 1.2 14.8 17.7 1.5 11.2 8.82 78.45
82c46f 260.0 260.0 230.0 7.2 2500 1732 6.93
7e10c2 3359 318.7 3079 64.0 320.8 14.12 4.4

ad3746 3183 6143 3295 720 420.7 167.76 39.88
153cae  585.6 649.0 500.0 45.7 578.2 7478 12.93
cclbc4 560.0 809.0 7190 140.0 6960 126.08 18.12
c688a3 1145.0 1123.0 857.0 470.0 1041.7 160.3 15.39

8.22 The Numerical Procedure for Determining Outliers
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Figure 100: Cochran’s test - sample standard deviations
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Figure 101: Grubbs’ test - average values

8.2.3 Mandel's Statistics
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Figure 102: Intralaboratory Consistency Statistic
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8.2.4 Descriptive statistics
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Table 41: Descriptive statistics

Characteristics [g/m?]
Average value - x 4151
Sample standard deviation - s 352.13
Asigned value - x* 415.1
Robust standard deviation - s* 373.53
Measurement uncertainty of asigned value - ux ~ 165.08
p-value of normality test 0.053 [-]
Interlaboratory standard deviation - s, 347.61
Repeatability standard deviation - s, 97.41
Reproducibility standard deviation - sg 361.0
Repeatability - r 272.7
Reproducibility - R 1010.8

8.2.5 Evaluation of Performance Statistics
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Figure 105: Average values and sample standard deviations
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Figure 106: Average values and extended uncertainties of measurement
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Figure 108: ¢-score

Table 42: z-score and (-score

ID z-score [-] (-score [-]
87900 -1.11 -
426734 -1.08 -2.45
82c46f -0.44 -1.0
7e10c2 -0.25 -0.53
ad3746 0.02 0.03
153cae 0.44 0.95
cclbcs 0.75 1.3
c688a3 1.68 1.26
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8.3.1

Test results

Table 43: 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

87900
426734
82c46f
7e10c2
ad3746
153cae
cclbc4
c688a3

Test results

2.9
1.8
360.0
571.1
731.5
7471
968.0
1405.0

[g/m?]

2.4 2.6
192 221
380.0  320.0
559.2  520.7
954.9  614.3
912.7  748.1

1239.0 1194.0
1389.0 1214.0

ux
[g/m?]
1.9
10.2
110.0
128.0
63.4
200.0
340.0

X
[g/m?]
2.6
14.3
353.3
550.3
766.9
802.6
1133.7
1336.0

8.3.2 The Numerical Procedure for Determining Outliers
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Figure 109: Cochran’s test - sample standard deviations
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Figure 110: Grubbs’ test - average values

8.3.3 Mandel's Statistics
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Figure 111: Intralaboratory Consistency Statistic
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Figure 112: Interlaboratory Consistency Statistic
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Table 44: Descriptive statistics

Characteristics [g/m?]
Average value - x 620.0
Sample standard deviation - s 486.29
Asigned value - x* 620.0
Robust standard deviation - s* 515.84
Measurement uncertainty of asigned value - ux ~ 227.97
p-value of normality test 0.069 [-]
Interlaboratory standard deviation - s, 483.15
Repeatability standard deviation - s, 95.59
Reproducibility standard deviation - sg 492.52
Repeatability - r 267.6
Reproducibility - R 1379.0

8.3.5 Evaluation of Performance Statistics
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Figure 114: Average values and sample standard deviations
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Figure 115: Average values and extended uncertainties of measurement
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Figure 116: z-score
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Figure 117: {-score

Table 45: z-score and (-score

ID z-score [-] (-score [-]
87900 -1.2 -
426734 -1.17 -2.66
82c46f -0.52 -1.17
7e10c2 -0.14 -0.28
ad3746 0.28 0.56
153cae 0.35 0.77
cclbcs 1.0 1.69
c688a3 1.39 1.75
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