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ABSTRACT

Many interlaboratory test programmes (ITPs) on rubber test methods
have been carried out during the last 10 years. ITPs have been
organized within ISO TC 45 and also in several countries such as USA,
UK and Sweden.

Most of these [TPs have shown that the repeatability and the
reproduceability are poor for many rubber test methods.

In an attempt to do more than just determine the poor precision, the
authors chose four methods and decided to study them in order to
identify the factors giving poor precision, thereby improving the
methods.

This first part contains the work done on hardness tests, both IRHD
and Shore. The results show that many factors are contributing to the
variation in test results, but the main factor is the influence of the
operator. If we eliminate the influence of the operator and perform the
test under correct temperature, load and time, we can achieve a much
improved repeatability and reproduceability. This indicates that there is
a need to develop more automatic, computerized hardness testers which
can be sold for reasonable prices.

1 BACKGROUND

At the beginning of the 1980s it was decided to include within

ISO TC45: Rubber and Rubber Products, a precison clause in dl

testing method standards. The precison clauses were established by
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carying out interlaboratory test programme (ITPs) to edablish the
repeatability (within l|aboratory) and the reproduceability (between
laboratories) for the test methods.

In 1981 10 published a standard for determination of the precision
of test methods, 1S0 5725-86." In 1984 TC 45 published a technica
report, 1SO TR 9272,* for guidance on how to establish precison data
for rubber test methods. 1SO TC 45 has since then carried out about 25
interlaboratory test programmes.

This work inspired researchers in Sweden to dtart an interlaboratory
te programme organized by the Swedish Nationd Teding Inditute.
During the years 1982-1988, 14 interlaboratory tests were carried out.
For two of the methods a retest was done. Up to 25 laboratories
participated in these interlaboratory tests.

All these interlaboratory tests within ISO and in Sweden have shown
that the spread in the test results is worse than anyone could have
expected.

At the same time, the requirements for the products have increased,
which means that we need to be able to test the properties of rubber
materids with a higher accuracy than before. It must not be the case
that what we measure mainly reflects the spread in the testing and does
not show the variations in the materid tested.

2 THE PURPOSE OF THE PROJECT

The purpose of the project was to achieve a lower spread in test results,
within and between laboratories, for the test methods under study. The
results from this project will be presented to the Swedish Standards
Inditution and to IS0 as a bads for improving the test method
standards.

This project was started in 1989.

3 PARTICIPATING COMPANIES

The following companies have paticipated and financed this project:

—Alfa-Laval Maerids AB
-Forsheda AB

—Horda Compound AB
-Skega AB

—Statens. Provningsanstalt
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—Sunnex AB

-Treleborg Tndugtri AB
-Viskafors AB

-Volvo Fygmotor AB

-Volvo PV AB, materidlab
—Viarmamo Gummifabrik AB
-Saab-Scania AB, Scaniadivisonen

4 THE ORGANIZATION OF THE PROJECT
4.1 General organization

The following methods have been used during the project:

-hardness, norma and micro IRHD, according to 1SO 48" and
Shore according to 10 7619*

-tendle test, according to IS0 37

-heat ageing, according to IS0 188"

-temperature retraction test, TR, according to IS0 29217

Good background materid was obtainable for al of these methods as

al of the tests have been studied one or more times by interlaboratory
trids.

The test methods have been gudied by invedtigating the influence of
different factors on the soread in test results.

At the beginning of the project a vist was pad to dl participating
companies to make up an inventory of the type of test instruments that
ae beng used. Some prediminary interlaboratory tests and other
measurements were also made.

4.2 Organization of the hardness part

For hardness, the following influencing factors were studied:
-equipment
-operator
-temperature

-thickness
-gpplied load (Shore)

Equipment and operator influence were sudied by one operator
vigting dl paticipating companies and usng a norma IRHD tester and
a Shore tester.

The influence of temperature and applied load were studied in one
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laboratory, and the influence of thickness only by looking at literature
references.

5 HARDNESS RESULTS

How the reproducesbility was caculated is shown in Appendix 1. The
hardness reproducesbility determined in earlier ITPs*® is shown in
Table 1 for comparison.

TABLE 1
Hardness  Reproduceability
Mean 5 R’ (RY

1983 ITP

IRHD-normal 62.2 49

IRHD-micro 63.8 5.5

Shore 62.5 72
1987 ITP

IRHD-normal 60.5 1-4 41 6.8

IRHD-micro 60.8 1.9 5.5 9-0

Shore 60.9 2:6 7.3 12:

“ 5 = Standard deviation.
* R= Reproduceability in actual units of measurement.
¢ (R) = Reproduceability as a percentage of the measured value.

Note: The 1983 ITP had 25 participants; the 1987 ITP had 20
participants, and the participants were divided in two groups
with each group making the measurements on the same test
pieces.

The hardness long- and short-term repeatability determined in an
IO ITP from 1991 are shown in Table 2 and Appendix 2.

5.1 Equipment used
The equipment used for the precision tests is shown in Table 3.
5.2 Test conditions

The tes conditions in the different laboratories were as shown in Table
4,
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TABLE 2
Hardness Repeatability

Mean s* r*  (r)

1991 ITP, long-term (months)

IRHD-Normal 60-0 072 20 34
Shore 609 076 21 35

1991 ITP, short-term (days)

IRHD-Normal 509 043 12 20
Shore 60.3 0-58 16 2.7

“s = Standard deviation.
* y = Repeatability in actual units of measurement.
¢ (r) = Repeatability as a percentage of the measured value.

Note: The results are calculated from three Swedish par-
ticipantsin an ISO ITP. Eleven rubber samples were measured
with 1 or 2 days interval for short-term repeatability and after
1,3 and 6 months for long-term repeatability. The results
shown are the mean values for three companies.

Mogt of the laboratories did not use tac for lubrication of the test
pieces as required by the sandard. The operator who visted all
participating laboratories did use tac during his measurements, but the
author has not seen any evidence that usng tac should improve the
reproducesbility.

5.3 Test results normal IRHD
A full summary of dl measurements is presented in Appendix 3.

5.3.1 Equipment and operator influence

Table 5 shows the mean vaues, sandard deviation and reproducesbility
reults from normd IRHD measurements, when investigating equip-
ment and operator influence. Figures -4 show the variation between
|aboratories  graphically.

The results show more variaion when the same operaior is usng the
same hadness teter compared to the results obtained when the
operator is usng different hardness testers. This is probably because the
hardness tester trangported round to the participating laboratories was
brand new and had a problem with friction ingde the did gauge.

The results indicate that the equipment has less influence then the
operator on the test results.
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TABLE 3
Equipment Used
Company N-IRHD Cal” M-IRHD Cal” Shore Cal” Stand
1 Wallace Y Wallace Y Zwick Y N
2 Wallace Y Wallace Y Zwick N Y
3 Wallace Y Wallace Y Shore Y N
4 Wallace Y Wallace Y Zwick N N
5 Wallace Y Wallace Y Zwick N N
6 Wallace Y Wallace Y Zwick Y N
7 Wallace Y Wallace Y Zwick Y Y
8 Wallace Y Wallace Y Zwick N N
9 Wallace Y Wallace Y Zwick Y Y
10 Wallace Y Wallace Y Shore N N
11 Wallace Y Wallace Y ? N N
12 Wallace N Wallace N Zwick N N
13 Wallace Y Wallace Y ? N N
14 Wallace Y -_ Shore N N

“ Cal = Calibrated between 6 and 12 months before the test.

532 Inflence of  temperature

The influence of temperature was examined in two ways. When visting
the different participating laboratories, the temperature was recorded
when doing the hardness tests. These temperatures were plotted in a
diagram againgt the mean hardness (see Fig. 5). Later, one test was

TABLE 4
Test Conditions

Company Date Temperature (“C) Talc
1 16 Mar. 1990 220 N
2 27 Apr. 1990 245 N
3 27 June 1990 235 N
4 20 Mar. 1990 22-5 N
5 29 Aug. 1990 245 N
6 15 Mar. 1990 23-0 Y
7 15 July 1990 24.5 N
8 27 Aug. 1990 225 N
9 4 Apr. 1990 22:5 Y

10 20 Apr. 1990 24-0 N
11 30 Aug. 1990 225 N
12 29 Aug. 1990 23-0 N
13 4 Sep. 1990 215 N
14 2 Apr. 1991 21.0 N
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TABLE 5
Equipment and Operator Influence: Normal IRHD

Mean s R® (R)

Different operators and different hardness testers 59-8 107 30 51
Different operators and the same hardness tester 592 090 26 43
One operator and different hardness testers 59.4 (51 14 24
One operator and the same hardness tester 501 O-65 18 31

s = Standard deviation.
® R = Reproduceability in actual units of measurement.
¢ (R) = Reproduceability as a percentage of the measured value.
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Fig. 1. Normal IRHD, different operators, different hardness testers (mean values for
five materials).
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Fig.2. Normal IRHD, different operators, same hardness tester (mean values for five
materials).
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Fig. 3. Norma IRHD, one operator, different hardness testers (mean values for five
materials).
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Fig. 4. Norma IRHD, one operator, same hardness testers (mean values for five
materials).

peformed in one laboratory, in a temperature chamber, a tempera
tures of 15, 20, 25 and 30 “C; the results are shown in Table 6 and Fig. 6.
The regression line shows the hardness to vary by 0-13 IRHD/°C.

533 Influence of  thickness

No experimentd tests were peformed to investigate the influence of
thickness on hardness as references to earlier work were available.
Brown reports a diagram with ‘effect of test piece thickness on hardness
reeding’, in the physcd tedting of rubber.” Tangorra in Ity has
caried out extensve theoreticd and experimenta research,” leading to
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Fig.5. Normal IRHD, one operator, different hardness testers: temperature influence.

TABLE 6
Hardness as a Function of Temperature
Temperature (°C) Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Mean
IRHD IRHD IRHD IRHD IRHD IRHD
15 58 50 68 79 44 59.8
20 56 49 66 78 43 58.4
25 56 49 66 78 43 58.4
30 56 48 65 76 43 57.6
GOthkD
58- \
S6-
54-
S2-
S0
10 15 20 25 30 35
Room temperature, °C
Fig.6. Normal IRHD, different room temperature (mean values for five materials).
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Fig. 7. Effect of test piece thickness on hardness readings from the physical testing of
rubber.

the induson in the Itdian standards'” of diagrams suiteble for the
correction of IRH because of non-standard thickness.

5.3.4 Time influence

Figure 8 was prepared to see if the time lgpse from the firgt test to the

last test had any influence or the hardness results. no clear trend can be
seen.

5.4 Micro IRHD test results

A full summary of dl measurements is presented in Appendix 4.

5.4.1 Equipment and operator influence

Table 7 shows the mean values, sandard deviation and reproducesbility
results from micro-IRHD measurements, when investigating equipment
and operator influence. Figures 9 and 10 show the variation between
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Fig. 8. Normal IRHD, one operator, different hardness testers: time influence.
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TABLE 7
Equipment and Operator Influence: Micro IRHD

Mean s R* (R)

Different operators and different hardness testers 622 114 3-2 52
One operator and different hardness testers 62:0 099 28 45

¢ s = Standard deviation.
» R = Reproduceability in actual units of measurement.
¢ (R) = Reproduceability as a percentage of the measured value.
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Fig. 9. Micro IRHD, different operators, different hardness testers (mean values for
five materials).
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Fig. 10. Micro IRHD, one operator, different hardness testers (mean values for five
materials).
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Fig.11. Micro IRHD, one operator, different hardness testers: temperature influence.

TABLE 8
Equipment and Operator Influence: Shore A

Mean $* R" (R)

Different operators and different hardness testers 61-0 161 46 75
Different operators and the same hardness tester 597 112 32 53
One operator and different hardness testers 612 1110 31 51
One operator and the same hardness tester 613 065 18 30

4 ¢ = Standard deviation.
b R = Reproduceability in actual units of measurement.
¢ (R) = Reproduceability as a percentage of the measured val ue.
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laboratories graphicaly. The results indicate that the operator has less
influence than the equipment on the test results.

5.4.2 Influence of temperature

The temperature influence was examined in one way. When vigting the
different participating laboratories, the temperature was recorded when
doing the hardness tests. These temperatures were plotted agangt the
mean hardness (see Fig. 11).

5.5 Test results: Shore

A full summary of dl measurements is presented in Appendix 5.

5.5.1 Equipment and operator influence

Table 8 shows the mean vaues, standard deviation and reproducesability
reults from Shore A measurements, when investigating equipment and
operator influence. Figures 12, 13 and 14 show the variation between
laboratories graphically. It can be seen that the operators and
the indruments seem to contribute about equaly to the variation in
results.

Shore A
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Fig. 12. Shore A, different operators, different hardness testers (mean values for five
materials).
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Fig. 13. Shore A, different operators same hardness tester (mean values for five
materials).

5.5.2 Influence of thickness

No experimental tests were caried out to invesigate the influence of
thickness on hardness, as references to earlier work was found. Bassi et
al. presented a paper Shore A Hardness and Thickness.'”

5.5.3 Influence of applied load
It was fird established what load different operators applied on the
hardness tester when measuring Shore A by hand. Ten operators made
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Fig. 14. Shore A, one operator, different hardness testers (mean values for five
materials).
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Thickness {mm) Hardness : H = Mg+ AH
o
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Fig. 15. Influence of thickness: Shore A.

measurements on a balance. The operators used loads from 1-2 kg to
5-6 kg (see Appendix 5). The specified load is 1-0 kg.

To egtablish how much this influenced the hardness results, two series
of measurements were taken with an automatic Shore A Tedter,
Durotronic 1000 with automatic stand 902, with 1 and 5 kg loads.

TABLE 9
Influence of Applied Load: Shore A

Applied Mean Increase
load

Second measurement series (7 samples)

First measurement series (11 samples) 1 ke 60-6

Skg 63-1 2.5
1 kg 60.6
S5kg 628 22
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The firsd measurement series was made on 11 rubber samples earlier
used in an 10 ITP. The second series was made on a set of 7 Shore
hardness reference blocks of dlicone rubber.

The reaults, shown in Table 9 and in Appendix 5, show the hardness
to increase from -9 to 3-7° Shore A when using a 5 kg load. There was
no correation between the hardness vaue and the increase in hardness
with the 5 kg load.

5.6 Summary of results

The reproduceshility results cdculated from the ITP made in this
project show improved precison vaues compared to the ITPs from
1983 and 1987. The author has no explanation for this other than that it
might be the influence of the operator vidting the different laboraories,
s0 the other operators performed the tests with more care. The results
are shown in Table 10 for comparison.

The author has, by andysing dl the tests performed in this project,
tried to estimate the contribution of different factors to the re-
produceshility for the three hardness methods. The estimation is shown
in Table 11.

It can be seen that the operator is the main factor, except for micro
IRHD where not enough tests were peformed to redly differentiate
between equipment and operator, dthough the tests that were per-
formed point to the equipment.

Another way of looking & this is thet if the equipment dlows the
operators to do the test in different ways, is the equipment to be
blamed?

To invedtigate the amdlest possble repeatability, an automatic Shore
stand 902 with a digitd gauge and measured 11 rubber blocks was used
on two different days, giving a congtant load (1 kg), a constant loading
speed and a congdant measurement time (1 s). What is left is mainly the
vaiations in the rubber blocks. The result is compared to three

TABLE 10
Hardness  Reproduceability

N-IRHD M-IRHD  Shore A

1983 ITP, R* 49 5.5 7.2
1987 ITP, R 4.1 55 73
Project ITP, R 30 32 4.6

? R = Reproduceability in actual units of measurement.
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TABLE 11

Influence of Different Factors

Method R, IRHD

Normal IRHD

Equipment 04

Operator 16

Temperature 0-13 per °C

Thickness 2 from4 to 10 mm at 60-70 IRHD
Micro-IRHD

Equipment 28

Operator 0-3
Shore A

Equipment 14

Operator 1-5

Load 24 from1 to 5 kg

Thickness 15 from 4 to 10mm at 60-70 Shore A

6 RECOMMENDED ACTIONS

TABLE 12

Short Time Repeata-

bility: Shore A

Laboratory

r

1 manual

2

3

1 automatic

148
218
1-05
0-60

367

different laboratories making the same short time repestability test on
the same rubber blocks. The results are shown in Table 12 and Section

Apat from diminaing the operaor influence, which is of importance
for dl teting, the author suggests the following recommendations for
improving the three methods.
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Normal-IRHD

-Eliminating the friction indde the did gauge is an important factor
when setting a correct ‘zero’ vaue.

-Automatic timing of the zero sdtting time, 5 s and measuring time,
30s.

-Automatic lowering of the zero load and measurement load, with

an even speed.

Micro-ZRHD
The same items as for normal—IRHD are vdid. In addition to this the
micro hardness testers used are too complex and difficult to use.

Shore A

-Using a congtant load greatly improves the Shore test. This can be
done by usng a stand, but then the idea of a portable hardness
tester disappears. Maybe it is possble to build a smdl load
indicator in a pocket meter.

-Increasing the measurement time, as in DIN, to 3 or 5 s

-Regular cdibration and adjusment, as the load of the spring
changes with time.
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APPENDIX 1

HOW TO CALCULATE THE REPEATABILITY AND
REPRODUCEABILITY

n = Number of measured values
X, = Measurement 1,2,3, ... ,n

X = Mean vdue f=§£

n
§ = Mean vaue (pol) §= 4 /E Si)

The pol mean vaue is used when cdculaing mean vaues of
dandard deviation and coefficients of variation.
- V)
s = Standard deviation s= E(;C)Tx)
S, = Standard deviation between laboratories
s, = Standard deviation within laboratories

v = Coefficient of variation v =2100
X
v, = Coefficient of variaion between laboratories
r = Repeatability r=2-83s,
R = Reproducesbility R=2-83Vsi + 7

If the repestability is not cdculated sr = O

Definition: An edtablished value, bdow which the absolute
difference between two ‘between-laboratory’ test results may be
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expected to lie, with a specified probability. The probability is
normdly 95% if nothing dse is gpecified.

(R) = Reproduceability expressed as a percentage of the mean vaue of
the measured values.

Extreme vaues have been checked with Dixon's Outlier Test.

APPENDIX 2

A2.1 Normal IRHD, long-term repeatability

Time Material
(months)

2 3 4 5 6 7 8 Y 10 11

Laboratory no. |

0 55 44 53 67 17 55 60 44 66 59 80 60.0
1 55 44 52 67 76 55 60 44 66 57 80 59-6
3 55 43 52 67 76 54 61 43 66 57 80 59.5
6 56 44 54 67 17 55 61 43 66 58 81 60.2

Mean  55.3 43.8 52.8 67-0 76.5 548 605 435 66.0 578 803 59.8
5 0.50 0.50 0-96 0-00 058 0.50 058 (58 0:00 096 050 0.33

s(pool) (.59 Rtotal 167 (R) total 279

Laboratory no. 2

0 55 44 53 66 76 55 60 44 65 58 78 59.5
1 55 42 52 66 75 54 60 43 65 57 78 58.8
3 56 45 54 67 75 55 61 45 66 58 78 60.0
6 56 44 53 67 76 55 61 44 66 57 79 59.8

Mean 55.5 43.8 53:0 66.5 755 548 605 44.0 655 575 783 59.5

§ 0-58 1.26 0.82 0.58 058 O-50 0-58 0.82 0.58 0.58 0.50 0.52

s(POOL) 070 Rtotal 199 (R) total 3.34

Laboratory no. 3

0 56 44 54 67 17 56 61 44 66 56 83 60.4
1 57 44 54 67 76 56 61 44 66 58 82 60-5
3 58 45 54 67 76 56 62 45 66 58 79 60.5
6 58 44 54 68 78 56 62 44 67 59 82 61.1

Mean 57.3 443 540 67.3 76.8 56.0 615 443 663 578 815 606
5 0.96 0-50 0-00 0-50 09 000 0-58 050 050 126 173 033
s(pool) (.84 Rtotal 238 (R) total 3.92
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A2.2 Shore A, long-term repeatability
Time Material
(months)
2 3 4 5 6 7 8 9 10 1
0 56 46 56 69 80 56 64 45 66 58 75 610
1 56 46 58 68 79 55 64 46 68 58 16 613
3 57 46 57 69 79 56 64 46 68 58 17 615
6 57 46 58 69 79 55 64 47 68 58 17 615
Mean  56.5 45.8 57.3 68.8 79.3 555 640 460 675 580 76.3 61.3
s 0-58 0.50 0-96 0-50 0.50 0.58 000 o0.82 100 0-00 096 0-26
s(pool) 067 Rtotal 1-89 (R) total 3.08
Laboratory no. 2
0 54 43 53 66 77 54 60 43 66 55 13 585
1 55 44 54 66 75 53 60 43 65 53 73 583
3 55 44 55 66 76 54 61 43 66 54 13 588
6 56 44 54 66 77 54 61 44 66 53 74  59.0
Mean 550 438 54.0 66.0 76.3 53.8 605 433 658 53.8 73.3 587
s 0.82 0.50 0-82 0-00 0.96 050 058 050 050 09 050 0.32
s(pool) 066 Rtotal 18 (R)total 3.17
Laboratory no. 3
0 58 47 57 69 80 57 63 47 67 58 76 617
1 58 48 59 70 81 57 66 48 69 59 79  63.1
3 60 48 60 70 81 58 66 48 69 60 78 635
6 59 47 59 70 80 57 65 48 69 59 78 628
Mean 58.8 415 58.8 69.8 80.5 57.3 5.0 47.8 685 59.0 77.8 62.8
$ 096 0.58 1.26 0-50 058 050 141 050 100 0.82 126 0.74
s(pool) (9] Rtotal 258 (R)total 4.12
A2.3 Normal IRHD, short-term repeatability
Time Material
(days)
Y 2 3 4 5 6 7 8 9 10 1
Laboratory no. |/
0 55 44 53 67 77 55 60 44 66 59 80  60.0
1 55 44 53 67 77 55 61 44 66 58 79 599
Mean 550 440 53.0 67.0 77.0 55-0 605 44.0 66.0 585 795 60.0
P 0-00 0.00 0-00 0-00 000 000 071 000 000 071 0.71 0.06
s(pool) 037 Rtotal 105 (R)total 1.74
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A2.3—(Contd.)
Time Material
days
(days) 2 3 4 5 6 7 8 9 0 1
Laboratory no. 2
0 55 42 52 66 75 55 60 44 65 S8 78 591
2 55 43 53 66 76 55 60 44 65 58 78 59.4
Mean 550 425 52.5 66:0 755 550 60.0 440 650 580 780 59.2
5 0-00 071 071 0.00 071 000 0.00 0-00 0-00 000 000 019
s(pool) 037 R tota 105 (R) totd 176
Laboratory no. 3
0 56 44 54 67 77 5 61 4 66 56 83 604
2 57 45 54 68 77 5 62 45 67 56 83 609
Mean 565 445 54:0 67.5 77.0 56.0 61.5 445 66.5 56:0 830 606
5 0.71 0-71 0-00 0.71 0.00 00 071 o071 071 000 000 0.39
s(pool) 052 R totd 148 (R) tod 244
A2.4 Shore A, short-term repeatability
Time Material
days
(days) 2 3 4 5 6 7 8 9 0 1
0 56 46 56 69 80 53¢ 64 45 66 58 15 610
I 56 45 57 68 80 56 63 45 66 57 76 608
Mean 56-0 455 56.5 68.5 80-0 560 635 450 66.0 S7-5 755 609
$ 040 o071 071 0-71 000 000 071 000 000 071 071 013
s(pool) 052 R totd 1.48 (R) totd 243
Laboratory no. 2
0 54 43 53 66 77 54 60 43 66 55 73 585
2 54 43 53 65 75 53 59 43 65 53 72 577
Mean 540 430 53.0 65.5 76:0 535 59.5 43.0 655 §4. 725 58.1
$ 0-00 0-00 0-00 0-71 141 071 071 000 071 11.41 071 058
s{pool) 077 R total 218 (R) totd 3.74
Laboratory no. 3
0 58 47 57 69 80 57 63 47 67 58 76 617
2 58 48 57 69 79 57 63 47 67 58 71 618
Mean 580 475 57-0 69:0 795 57.0 630 470 67.0 58.0 765 618
[y 0:00 0.71 0-00 0-00 071 0-00 000 000 0-00 000 071 0-06
s(pool) 037 R totad 105 (R) totd  1.69
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A2.4—(Contd.)

Time Material

d

(days) 2 3 4 5 6 7 8 10 11
Laboratory no. 1 Shore automatic

0 580 45.3 55.6 67.6 78.4 559 624 457 662 567 751 60.6

4 58-0 45.4 55.7 67.5 78.1 557 62.0 452 66.6 562 75.2 60.5
Mean 580 45.3 55.7 67.6 783 558 622 455 664 565 752 60.6

5 0-00 0.07 0-07 0-07 021 0.14 0.28 035 028 035 0.07 008
sipool) 021 Rtotal 060 (R)total 0.9

APPENDIX 3

A3.1 Normal IRHD, different operators, different hardness testers

Laboratory Material
! 2 3 4 5 Mean
1 58 50 67 80 45 60-0
2 58 49 66 79 44 592
3 58 50 68 80 43 59.8
4 59 51 68 81 45 60.8
5 56 49 65 78 42 580
6 57 49 67 79 43 590
7 59 52 69 81 46 61.4
8 57 50 67 79 44 59.4
9 58 50 68 80 44 60.0
10 57 51 68 79 45 60.0
11 58 49 68 80 45 60.0
12 56 0 67 79 43 59.0
13 59 50 70 81 46 61.2
14 56 68 79 44 594
Mean 57.6 50.0 67-6 79.6 44.2 59.8
s 1-09 0-88 1.22 0.93 1.19
s(pool) 1407 R total 3.03 (R) total 5.06
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A3.2 Normal IRHD, different operators, same hardness tester

Laboratory Material
1 2 3 4 5 Mean
1 57 49 68 79 43 59.2
2 57 49 66 79 43 58.8
3 58 51 68 80 45 60-4
4 58 51 68 80 44 60-2
5 54 48 65 78 42 57.4
6 57 49 68 80 43 59.4
7 57 50 67 79 44 59.4
8 57 49 67 79 43 59-0
9 57 50 67 79 44 59.4
10 57 50 68 80 43 59.6
il 58 49 67 79 44 59.4
12 57 49 66 78 43 59.6
13
Mean 57.0 49.5 67.1 79.2 434 59.2
$ 1-04 0-90 1-00 0.72 0.79
s(pool) 0-90 R tota 2:55 (R) total 4-30

A3.3 Normal IRHD, one operator, different hardness testers

Laboratory Material
| 2 3 4 5 Mean
! 57 50 67 80 44 59.6
2 58 49 66 79 44 59.2
3 58 51 67 80 44 60-0
4 57 50 67 80 43 59.4
5 57 50 67 79 “4 59.4
6 56 49 67 79 43 58.8
7 57 50 67 79 44 59-4
8 57 50 67 79 44 59.4
9 57 50 67 80 44 59-6
10 57 50 67 79 45 59.6
11 56 49 67 79 44 590
12 57 50 67 79 44 59.4
13
Mean 57-0 49.8 66.9 79.3 439 594
§ 0.60 0-58 0-29 0-49 051
s(pool) (.51 Rtota 144 (R) tota = 2.42
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A3.4 Normal IRHD, one operator, same hardness tester

Laboratory Material
1 2 3 4 5 Mean
1 57 49 68 80 43 59.4
2 56 48 66 79 43 58.4
3 57 49 68 80 44 59-6
4 57 48 66 80 42 58.6
5 57 49 66 79 43 58.8
6 57 49 68 79 43 59-2
7 57 50 66 79 44 592
8 57 49 66 80 43 59-0
9 57 50 67 80 43 59-4
10 57 49 68 80 43 59-4
11 57 50 67 80 44 59-6
12 56 50 66 79 43 58-8
13

Mean  56.8  49.2  66.8 79.6 432 59.1
s 039 072 094 051 0-58
s(pool)  0.65 Rtotal 185 (R) total  3.13

APPENDIX 4
A4.1 Micro IRHD, different operators, different hardness testers

Laboratory Material
| 2 3 4 5 Mean
! 60 52 69 81 47 61.8
2 60 54 69 79 47 61.8
3 60 52 69 83 47 62.2
4 63 53 71 81 47 63.0
5
6 61 52 72 83 47 63.0
7 61 52 71 83 47 62-8
8 60 52 70 81 47 62.0
9 60 51 68 78 45 60-4
10 62 53 72 83 47 63.4
11 60 51 71 81 46 61.8
12 60 52 70 81 47 62.0
13 59 52 11 82 47 62.2
Mean 60.5 52-2 70.3 81.3 46.8 62.2
$ 1.09 0-83 1.29 1:61 0-62

s(pool) 1-14 Rtotal 3.23 (R) total  5-20
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A4.2 Micro IRHD, one operator, different hardness testers

Laboratory Material
1 2 3 4 5 Mean
! 62 52 70 81 46 62.2
2 61 52 70 80 41 62.0
3 61 53 70 83 47 62.8
4 62 53 71 81 47 62.8
5
6 60 52 71 81 47 62.2
7 61 53 72 82 47 63.0
8 60 51 69 80 47 61.4
9 61 52 69 80 47 61.8
10 61 52 72 83 47 63.0
11 60 51 70 80 45 61.2
12 59 51 69 80 46 61.0
13 59 51 69 80 45 60-8
Mean 60.6 51-9 70.2 80-9 46.5 62.0
s 1-00 0-79 111 1.16 0-80

s(pool) 0.99 Rtotal 2.79 (R) total 4-50

APPENDIX 5
AS.1 Shore A, different operators, different hardness testers
Laboratory Material

| 2 3 4 5 Mean
1 59 52 67 80 46 60.8
2 56 49 65 78 43 58.2
3 61 53 69 81 48 62.4
4 60 53 69 80 47 61.8
5 61 55 70 81 50 63.4
6 58 50 67 80 44 59-8
7 59 51 67 77 45 59.8
8 59 51 67 78 46 60.2
9 61 53 69 81 47 62.2
10 62 54 69 79 48 62-4
11 60 51 67 79 45 60-4
12 59 51 66 79 45 60-0
13 60 53 69 81 48 62-2
14 61 53 70 81 48 62-6
Mean 59.6 52.0 67-8 79.5 46.3  61-0

s 1.56 1.68 1-48 1.33 1.93

s(pootl) 1.61 R total 455 (R) total 7.46
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AS.2 Shore A, different operators, the same hardness tester

Laboratory Material Load on
tegter
] 2 3 4 5 Mean N
value
1 60 52 68 80 46 61.2 14
2 59 49 66 78 45 59.4 13
3 60 52 68 79 45 60-8 56
4 58 49 65 78 44 58.8 12
5 60 52 68 79 46 61-0 19
6
7
8 58 49 65 78 44 58-8 12
9 56 50 67 78 45 59-2 28
10
11 59 49 66 78 44 59.2 16
12 57 51 67 78 45 59.6 29
13
14 58 49 67 78 44 59.2 12
Mean 58.5 50-2 66.7 78.4 44-8 597 21.1
s 1.35 1.40 1-16 0.70 0-79
s (pool) 1.12 R total 3.16 (R) tot. 5.30
AS.3 Shore A, one operator, different hardness testers
Laboratory Material
1 2 3 4 5 Mean
| 60 52 68 80 45 61.0
2 57 49 65 78 43 58.4
3 59 51 68 80 47 61-0
4 61 53 70 81 47 62.4
5 60 51 67 79 48 61-0
6 59 53 69 80 46 61.4
7 60 53 69 80 47 61.8
8 60 52 68 79 47 61.2
9 60 52 68 80 45 61.0
10 61 52 69 79 45 61.2
11 60 51 68 80 45 60.8
12 60 52 68 80 46 61.2
13 60 53 69 81 47 62.0
14 60 53 69 80 47 61-8
Mean 59.8 519 68.2 79.8 46.1  61.2
s 0-97 1.14 1.19 0.80 1.33
s(pool) 1-10 R total 3.12  (R) total 5.10
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AS5.4 Shore A, one operator, the same hardness tester

Days Material
1 2 3 4 5 6 7 8 9 10 11
| 56 46 56 69 80 56 64 45 66 58 75 61-0
2 56 45 57 68 80 56 63 45 66 57 76 60-8
3 56 46 58 68 79 55 64 46 68 58 76 61.3
4 57 46 57 69 79 56 64 46 68 59 76 61.5
5 57 46 57 69 19 56 64 46 68 58 77 61.5
6 57 46 57 68 80 55 63 46 68 58 77 61-4
1 57 45 58 69 79 55 64 47 68 58 77 615
8 57 46 58 68 79 56 64 45 68 57 78 61-§

Mean 566 45-8 573 68:5

5 052 (46 0-71 0-53

s(pool) 065 r total 1.84  (r) total

79.4

052 0352 046 071

300

556 638 458

67-5 579 765 613

0-93 064 0.93 (-27

AS.5 Shore A: influence of different load

The same operator and the same hardness tester
Instrument used: Shore Durotronic 1000 digital Shore A with

automatic stand 902

Load (kg) Material
1 2 3 4 5 6 7 8 10 11 my
Material set 1: SO ITP set
! 58.0 453 556 676 783 559 624 457 656 567 751 606
5 607 48.9 593 69.4 792 585 640 490 69.0 588 773 63.1
Difference 27 36 37 18 09 26 16 33 34 21 22 25
Material set 2: Shore reference blocks
1 346 381 538 591 706 797 8§79 60-5
5 36.2 412 551 608 737 823 900 62-8
Difference 1.6 3.1 1:3 17 3.1 2.6 2.1 2:2




