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The Analysis of Interlaboratory Testing Results of Rock Wool Products
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The data obtained in interlaboratory comparison testing programme EA ILC MT2 devoted for testing compression
behaviour of mineral wool slabs is discussed in this article. Fifteen laboratories from 11 European countries took part in
this PT programme. The satisfactory fulfilling of tests by all laboratories excluding two was confirmed by statistical
evaluation of test results. It is revealed the main causes of the test results scattering as well as the expedience
to reconsider the Standard, which specifies the procedures for determining compression behaviour of thermal insulating

materials.
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1. INTRODUCTION

Compression behaviour is one of the most important
properties of thermal insulating materials and products
[1-4]. It is necessary to be certain in reliability of
analysed data when comparing the results of different
investigators. The most considerable complication came up
when testing thermal insulating materials were made on
the basis of mineral wool due their anisotropic (often
crimped) structure [1]. Such structure complicates
comparison of any test results [5]. Therefore the interlabo-
ratory comparison testing in this field of investigations is
very desirable. Statistical methods used for evalution of
given test results reliabity [6—8] could allow to reval the
acceptable level of carrying out investigated experiments.
Howewer, such camparison date in scientitic literature is
scarce.

The purpose of this research was to assess the possible
scattering of test results between different laboratories
when they testing specimens cut out from the same mineral
wool product and to estimate the most significant causes of
this scattering. The results of proficiency testing
programme EA ILC MT2 were used for this intention.

2. EXPERIMENTAL

The proficiency testing programme EA ILC MT2
“Testing of thermal insulating materials and products”
devoted for testing compression behaviour of mineral wool
slabs proposed by Lithuanian National Accreditation
Bureau has been approved by the Laboratory Committee
of European co-operation for Accreditation. Institute of
Thermal Insulation of Vilnius Gediminas Technical
University realized all technical aspects of this
programme including the sample and specimen
preparations, homogeneity testing, statistical evaluation
of submitted results of participating laboratories and
preparation of report [9]. All testing and evaluation of the
results were finished in 2004.

Fifteen laboratories from Belgium, Denmark, Finland,
Germany, Poland, Portugal, Slovakia, Slovenia and Spain
including 3 Lithuanian laboratories took part in these
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testings. All laboratories were supplied with five
specimens of rock wool slabs and were asked to determine:

— compressive stress at 10 % relative deformation and
compression modulus of elasticity according to EN 826
[10];

—specimen apparent density according to EN 1602
[11];

— organic content according to EN 13820 [12];

—expanded uncertainty of measurement of compres-
sive stress at 10 % deformation and compression modulus
of elasticity according to EA 4/02 [13].

Main characteristics for evaluation of test results were
compressive stress oige, and compression modulus of
elasticity E. Determination of density and organic content
was necessary for additional control of homogeneity of
specimens tested by laboratories.

The homogeneity of test pieces was investigated as
well. The 160 test pieces of rigid mineral wool slabs were
selected from 1340 ones in order to have a totality with
mean value of apparent density fluctuating no more than
+3 kg/m®. These test pieces were divided into the five
groups at most identical according to fluctuation of their
density and organic content. About 40 % of test pieces
from each group were selected into first set intended for
homogeneity testing. The rest set was intended for testing
by laboratories.

It was ascertained that repeatability standard deviation
S; and reproducibility standard deviation Sg [8] of density
in these sets and between sets are like and both coefficients
of variation are about 1.1 %, i. e. both sets of test pieces are
almost identical according to their densities.

Test pieces from first set were squared to
200 mm x 200 mm and prepared for detailed testing in
providing laboratory. Nominal thickness of the test pieces
was 80 mm.

The compression tests were carried out according to
[10] on computerized testing machine H10KS (Houns-
field, UK) with force measurement error of 1 N-11 N.
The accuracy of deformation measurements was
0.01 mm.

The results of homogeneity control by density,
organic content, compressive stress and compression
modulus of elasticity are presented in Table 1.



Table. 1. Results of the homogeneity testing

Densit Ordanic content Compressive stress at | Compression modulus
%" g ' 10 % deformation of elasticity
kg/m % mass
GI’OUp No 010% » kPa E, kPa
mean standard mean standard mean standard mean standard
value deviation value deviation value deviation value deviation
1 154.5 3.08 3.50 0.30 94.0 3.48 1760 102.5
2 154.8 1.91 3.39 0.17 92.2 4.13 1737 94.5
3 154.8 2.34 3.43 0.17 92.7 2.85 1760 74.8
4 154.9 2.59 3.56 0.29 91.1 2.19 1645 102.7
5 154.8 3.35 3.46 0.19 91.6 2.57 1636 93.3
Total mean value 154.7 - 3.48 - 92.3 - 1699 -
Repeatability standard 2.83 0.24 2.98 94.6
deviation S, (1.83 %) (6.8 %) (3.2 %) (5.6 %)
Reproducibility standard 2.72 0.24 3.10 111.7
deviation Sg (1.76 %) (6.8 %) (3.4 %) (6.6 %)

It is possible to state that homogeneity by density is
good by organic content is satisfactory taking into
account a nature of mineral wool products.

The dependences between density and oy, as well as
between density and E were checked by regression
analysis [14] of all initial data. It was determined that there
is no reliable correlation in the investigated density
interval.

Fig. 1 presents histograms of the observed frequency
distribution of o714+, The hypothesis about the normality of
test results presented in Tablel was checked and
confirmed using y criterion [15].

Chi-Square: 1.310991, p =0.9337931
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Fig. 1. Histograms of the observed frequency distribution of
o190 Values obtained in the homogeneity testing

Homogeneity within and between groups of the test
specimens was in addition investigated using the Mandel’s
h and k statistics [8]. Between groups consistency
Mandel’s statistic showed that the view of received oy,
and E results is not unusual (received positive values are
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approximately equal to negative ones). All h values are
smaller corresponding Mandel’s indicators at the 1 % and
5 % significance levels.

The standard deviations of group results were used for
the calculation of Mandel’s groups consistency statistic k.
All five k values were smaller than critical value and
showed a good stability of test results homogeneity.

On the basis of presented homogeneity tests, it was
possible to state that the specimens of all 5 groups are
comparatively homogeneous taking into account a nature
of mineral wool products.

Therefore although standard deviations of compressive
stress and compression modulus of elasticity are relatively
considerable, it was decided to distribute test pieces to
participating laboratories and to take into account this fact
while evaluating test results. Participating laboratories
were supplied by one test piece from each group.

3. TESTS RESULTS AND DISCUSSION

The averaged test results of participating laboratories
are presented in Table 2. There is given the repeatability
standard deviation S,, which is the standard deviation of
received results under repeatability conditions (same
laboratory, same equipment and same staff) as well as the
reproducibility standard deviation Sg, which is the
standard deviation of received results under reproducibility
conditions (different laboratories, different equipment and
different staff) [8]. There are also presented in this Table
the medians med(x) of results, which were used in
exchange for mean values, and corresponding values MAD,
which were used in exchange of standard deviations [13].
MAD is the central tendency of absolute deviations
(x;—med(x)). The advantage of this order statistic-median
is independence of statistical analysis of measurement
results upon the given accidental extreme values. The
results which were indicated as outliers by initial statistical
evaluation were excluded when calculating med(x) and
MAD.

Statistical analysis for all
laboratories included evaluation of:

results presented by



Table 2. Results of the participating laboratories

Densit Ordanic content Compressive stress Compression modulus
K /my‘ g % mass ' at 10 % deformation of elasticity
Code g 0 G100, KPa E, kPa
of laboratory
mean standard mean standard mean standard mean standard
value deviation value deviation value deviation value deviation
01 152 1.3 3.42 0.23 72.4 25 787 102
02 154 3.4 - - 82.3 4.7 1583 132
04 150 2.1 - - 89.9 2.6 1335 171
05 156 3.2 3.37 0.35 86.3 4.4 1658 153
06 155 2.4 3.64 0.09 84.1 5.3 - -
07 154 34 - - 87.9 51 1629 201
08 157 1.14 3.61 0.24 91.5 4.25 - -
09 155 0.9 351 0.07 93.1 5.0 1762 144
10 157 2.0 - - 92.1 4.2 2010 178
11 153 2.7 3.67 0.23 88.2 4.7 1648 85
13 152 2.0 - - 83.6 15 - -
14 154 3.1 - - 84.4 3.3 1505 33.9
15 152 2.2 3.78 0.075 81.6 4.3 1431 103
16 155 3.0 - - 90.2 5.8 1603 234
17 155 34 - - 88.8 15 - -
Total mean value 154.1 - 3.57 - 87.1 - 1541 -
Repeatability 25 0.21 4.1 150
standard deviation S, (1.6 %) (5.8 %) (4.7 %) (9.7 %)
Reproducibility 3.0 0.24 6.7 333
standard deviation Sg (1.9 %) (6.6 %) (7.7 %) (21.6 %)
med(x) 1545 | 359 | 88 | 1584 |
2.6 0.13 3.6 130
MAD (1.7 %) (3.6 %) (4.1 %) (8.2 %)
—normal distribution hypothesis using software laboratories (see Fig. 2, b) are out of limit +3Sg. However

STATISTICS [15];

— laboratory’s
Grubbs’ test [8];

—hypothesis of within — laboratory precision of
variances using Cochan’ test [8];

— Mandel’s between and within laboratory consistency
statistics (h and k), grouped by laboratories [8];

— comparisibility of mean values of results using
distribution of their variation limits evaluated according to
Student [15];

—central tendency of presented testing results
according to positional statistics med(x) and central
tendency of absolute deviations determined by MAD [16].

The statistically evaluated results of density determina-
tion are presented in Fig. 2, a. These results are close to the
results of providing laboratory (see Tables1 and 2).
Therefore fluctuation of apparent density could not have a
noticeable influence on the values of o9+, and E deter-
mined by the laboratories. Detailed analysis of these
density results according to full statistical analysis
programme mentioned above testified that all results of all
laboratories were satisfactories.

The averaged results of organic content determination
are close to the values determined by PT provider (see
Tables1 and 2). A part of results presented by two

individual results suitability using
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detailed statistical analysis confirmed its as suitable for
further evaluations.

Results of participating laboratories usually are
evaluating using Z — scores [7, 17]:

— |Z| < 2 the result is considered satisfactory;

—2 <|Z| £ 3 the results is considered questionable;

—|Z| > 3 test result is considered unsatisfactory,
X — X
where Z =~

; X — is mean value of results presented
R

by laboratory; X — is consensus (mean) value of results
presented by all laboratories; Sg — reproducibility standard
deviation.
X; —med(x)

MAD

Calculated Z values for organic content are given in
Fig. 3, a. They confirmed that results of all laboratories are
satisfactory. However high value of Sy are indicating that it
is not worth-while to evaluate individual values of this
index because of the problems in the uniform distribution
of organic binder in the tested products. Never the given
results allow to state that noted fluctuation of organic
content in the specimens could not have essential influence
on the averaged results of compressive stress at 10 %
deformation and compression modulus of elasticity.

In our case Z =
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Fig. 2. Statistically evaluated resuts: a — apparent density; b — orgagnic content; ¢ — compressive stress at 10 % deformation;
d — compression modulus of elasticity The MAD are used in corresponding limits £1Sg, +2Sg and +3Sy instead of Sg

The averaged and statistically evaluated results of
compressive stress at 10 % deformation oy, are presented
in Table 2 and Fig. 2, c. Detailed analysis of these results
according to full statistical analysis programme revealed
that results of laboratory No 01 are outliers and could not
be used for calculation of consensus value. This result is
not satisfactory and according to Z — score (see Fig. 3, b).
Some individual results of other laboratories exceed the
+2Sg limit but they are not considered to be questionable or
unsatisfactory, as they can be conditioned by specimen ho-
mogeneity scattering. However it may be stated that direct
regularities between fluctuations of density, organic con-
tent and oy, Vvalues (see Fig.2,a,b and c¢) were not
observed for results of these laboratories. It is obvious that
these extreme values caused considerable value of MAD as
compared with Si (see Table 2). The difference between
med(x) of o194, and corresponding mean value given by
providing laboratory in homogeneity testing is equal
5.8 %.

The averaged and statistically evaluated results of
compression modulus of elasticity are presented in Table 2
and Fig. 2, d. It can be stated that scattering of these results
is grater then in case of oy, It is seen that MAD, which
excludes influence of extreme values, is 2.6 times lower
than corresponding Sg. Full statistical analysis revealed
that results of laboratories No 01 and 10 are outliers. They
were not used for further calculations including consensus
value and MAD. These results are not satisfactory when
calculating Z — score (see Fig. 3, c) too.

The difference between med(x) of E and corresponding
mean value given by providing laboratory is equal 9.7 %.
Some individual results of some others laboratories slightly
exceed the +2Si limit. As in case of oy, there are not

stated direct regularities between fluctuation of density,
organic content, 0., and E values (see Fig. 2) for results
of these two laboratories.

The laboratories were asked to present measurement
uncertainties of results o9+, and E according to EA 4/02
[13]. The received data is presented in Table 3.

The given expanded uncertainties of compressive
stress measurement fluctuate from 0.36 kPa to 12.4 kPa
and differ from each other by up to 34 times. The
expanded uncertainties of compression modulus of
elasticity measurement fluctuate too and differ from each
other by up to 13 times.

Expanded uncertainties of o149+, and E measurement in
specimen homogeneity tests were estimated by PT
provider equal respectively 0.8 kPa and 72 kPa.

Information received from filled questionnaires
presented to providing laboratory by participating laborato-
ries show, that most of the laboratories used testing
machines,which are directly controlled by software and
guarantee loading and displacement measurements with
good accuracy respectively £0.5 % and +£0.01 mm. A very
significant scattering value of uncertainty of measurements
is clearly caused by the peculiarities and inexactitudes of
laboratory procedures for evaluation these uncertainties.
Therefore it would be expedient to present more precise
information about the accuracy of measurement and their
evaluation in the new EN 826 edition or to prepare
harmonized instruction for evaluation of uncertainty of
concrete measurements. It is a pity that a small number of
participants made the statistical data evaluation difficult
and did not allow to decrease slightly the corresponding Sg

380



a) 2 b) c)
01 T 01 .
05 CE— 1 15 —— 4
02 | c— ] 04 F — E
01 E— g 06 F — . 15 aE— 4
14 ¢ — 1 14 + - 1
2 09 -— 1 05 | -— 4
A o7 t . 1 927 * T
§ 08 - b 11 . i 16 F - i
= 17 - ] 07 F - 4
- 06 | - E 04 - E
16 k - i 11 F -— 4
11 F - 4 08 a— 4 05 -— -
10 a—— 4 09 + —— i
15 E— E 09 — 4
13 F E—— E 10
8
-3 2 1 0 1 2 3 -3 2 -1 0 1 2 3 -3 2 1 0 1 2 3
Z score Z score Z score

Fig. 3. Z scores for the mean values of: a — organic content; b — compressive stress oig,; ¢ — compression modulus of elasticity E

Table 3. Expanded measurement uncertainties presented by laboratories

Lab code 01 02 04 05 06 07 08 09 10 11 13 14 | 15 16 | 17
U(o1+), kPa | 0.36 1.3 - 46 | 10.0 - 12.4 | 10.54 - 234 | 146 | 70 | 04 | 34 | 10
U(E), kPa 11.8 74 - - - - - 133.6 - - - 82 10 - -

Table. 4. Comparison of reproducibility participant results with those presented in EN 826:1996
Mean value The reproducibility The 95 %
Data Parameter KPa ' standard deviation Sg, reproducibility
kPa (%) limit R, kPa (%)
S ) 010 % 95...230 SR=3% 9%
Accuracy of measurements given in EN 826:1996 E 2500...8500 Sa=10% 25 0
O10% med(x) = 88 MAD =3.6 kPa (4.1 %) | 10.1 kPa (11.5 %)
EAILC MT2, results of labs (see Table 2) E med(x) = 1584 | MAD =130kPa (8.2%) | 364 kPa (23.0 %)
. . 109 923 Sr=3.1kPa (3.4 %) 8.7 kPa (9.4 %)
EA ILC MT2, homogeneity testing (see Table 1) E 1699 Se = 112 kPa (6.6 %) 313 kPa (18.4 %)

values, i.e. to narrow the intervals of satisfying test
performance.

Table 4 presents the comparison of reproducibility of
o1, and E results of the participating laboratories and the
corresponding results of unidentified three object testing in
ten laboratories indicated in EN 826 [10]. The correspond-
ing information about MT2 specimen homogeneity test by
providing laboratory is also presented in this table.

It can be see that the characteristics of reproducibility
of EAILC MT2 participant results are close to those
presented in EN 826.

It was shown above that fluctuation of specimen ap-
parent density and organic content could not have
important influence on specimen compression behaviour.
The observed scattering of results apparently could be de-
termined by uneven distribution of organic binder in rock
wool specimens and more considerably by the crimping
degree of rock wool layer before hardening, which my not
easily quantitatively evaluated [18].

The additional scattering of compressive stress and
compression modulus of elasticity between laboratories

could be influenced by the non-coordination between the
possibilities of the used testing machines and requirement
of EN 826:1996. This standard edition was more suitable
to the machines of older generation, when the written force
— displacement curves were used, and when the displace-
ment segments X, and Xjo (see [10]) were evaluated
graphically. From all participating laboratories of this pro-
gram only 2 used the machines without software. Other
labs used testing machines with software produced by
8 different companies. It is known that the software of dif-
ferent companies evaluated the initial points of
displacement segments X, and Xy, f little bit differently, as
well as the conventional elastic zone of force — displace-
ment curve. This could influence differences of the results
of o, and especially E between the Ilaboratories.
Therefore the detailed revision of all basic sections,
adapting them to modern testing equipment shall be
welcomed in the new EN 826 edition. After this adapting
all corresponding software for determination of o34+, and
E shall be corrected.
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3. CONCLUSIONS

Almost all laboratories fulfilled tests of rock wool
products statisfactory in the frame of setted requirements
of experiments.

The accuracy of testing mineral wool products is
restricted not only by essential inhomogeneity of these
objects but largely by non-coordination between the
possibilities of the used testing machines with different
software and requirement of acting standard which
specifies the equipment and procedures for testing.

The uncertainties of measurement of mineral wool
product characteristics shall be evaluated only on the basis
of hormanized instructions.
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