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Abstract

Application of the Strain-cylinder Test for Calibration of
Compression Testing Machines

A new European standard, prEN 12390 “Testing concrete - Determination of
compressive strength - Specification for compression testing machines” will soon be
implemented in the Scandinavian countries.'According to this standard compression
testing machines should be verified by the strain-cylinder test and the force calibration.
In order to improve the knowledge in applications of the strain-cylinder test and to check -
if the compression testing machines used in the Scandinavian countries could meet the
requirements specified in prEN 12390, some pilot strain-cylinder tests were carried out
at SP and concrete industrial laboratories. The test results show that the strain-cylinder
test is a useful tool to find out some defects of a compression testing machine, such as
defective self-alignment of the upper platen and/or significant eccentricity;in the ,
machine. The eccentricity in a machine could be estimated by applying some additional
eccentric positions in the test, This additional eccentricity test is a useful auxiliary tool
for checking if there is a significant eccentricity in the machine. According to the
eccentricity test results, significant eccentricity was found in some machines from which
the test results of concrete compressive strength in some cases did not fulfil the
requirements in comparison tests according to the Swedish regulations BBK 94, even
though these machines were calibrated in accordance with EN 10002-2 and S8 13 11 10.
Some additional testing procedures for identifying the eccentricity in a machine are
suggested in this report.

Key words: Calibration, compression testing machine, concrete, standard methods,
strain cylinder test,

SP Sveriges Provnings- och SP Swedish National Testing and
Forskningsinstitut Research Institute
SP Rapport 1998:43 SP Report 1998:43

ISBN 91-7848-749-8

ISSN 0284-5172

Boras 1998 Postal address:
Box 857, S-501 15 BORAS
Sweden
Telephone +46 33 16 50 00
Telex 36252 Testing S
Telefax +46 33 13 55 02




iii

CONTENTS

Abstract
1 Introduction

2 Equipment for the Strain-cylinder Test
2.1  Equipment at SP
2.2 Equipment at VIT

3 Pilot Tests

3.1 Pilot tests at SP’s concrete laboratory in Stockholm
3.1.1 Sensitivity control of strain bridges

3.1.2 Strain-cylinder test according to prEN 12390

3.1.3 Estimation of eccentricity

3.2 Pilot tests at concrete industrial laboratories

4 Comparison Tests between SP and VIT
4.1  Comparison tests according to prEN 12390
4.2  Eccentricity tests

5 Concluding Remarks
Appendix 1  Draft prEN 12390 (Dec. 12, 1997)

Appendix 2 Suggestions to the Additional Eccentricity Test

Page

ii

W N

L~ W b b

17
22

26






1 Introduction

At the present the machines for testing concrete compressive strength are verified by
calibrating the applied force according to EN 10002-2 and national standards, for
instance, SS 13 11 10 in Sweden. Recently, a new European standard, prEN 12390
“Testing concrete - Determination of compressive strength - Specification for
compression testing machines” has been approved and will soon be implemented in the
Scandinavian countries. A new feature in this standard compared with the existing
standards is that a so called “strain-cylinder test” is carried out as an introduction to
verification of compression testing machines. The strain-cylinder test implies a control
of testing machine behaviour in giving a specimen homogeneous deformation during the
test. In practice, it has been found that, even though the machines are correctly calibrated
for force, they may sometimes give different test results when testing identical
specimens. These different test results might be caused from defective self-alignment of
the upper machine platen and/or significant eccentricity in the machine. Through the
strain-cylinder test these defects could possibly be detected. Therefore, some problem
with compressive strength results associated with differences in testing machine
behaviour could be reduced by verifying testing machines according to the standard
prEN 12390.

In the Scandinavian countries the experience in using strain-cylinders is very limited,
although there exist a number of different strain-cylinders (see Table 1.1). In Norway, a
simple type of strain cylinder was used at the Norwegian Building Research Institute
(NBI) since 1985, but the application is limited to measuring eccentricity on its own
testing machine. In Denmark, a strain-cylinder for fension testing machine was built up
at the FORCE Institute in 1988, but the applications are limited. In Finland, two strain-
cylinders were used at the Technical Research Centre (VIT) five years ago for its own
compression testing machines, but were not in use in the past years. In Sweden, a strain-
cylinder for compression testing machines was built up at SP, Swedish National Testing
and Research Institute, in 1997 and the applications are also very limited.

In order to improve the knowledge in applications of the strain-cylinder test and to check
if the compression testing machines used in the Scandinavian countries could meet the
requirements specified in prEN 12390 , the Nordtest sponsored this project. Two
institutions, SP and VTT, participated in the strain-cylinder test and NBI participated in
the constructive discussions.

Table 1.1. Current status of the strain-cylinder test in the Scandinavian countries.

Denmark | Sweden | Norway | Finland
Acquaintance of prEN 12390 Yes Yes Yes Yes
Equipment acc. to prEN 12390 No Yes No Yes
Calibration acc. to prEN 12390 No No No No
Ready for application of prEN 12390 in 1999 Now in 1999 Now




2 Equipment for the Strain-cylinder Test

2.1 Equipment at SP

The equipment for the strain-cylinder test used at SP consists of a strain-cylinder (Fig.
2.1), a positioning plate with different sizes of gauge blocks and a data sampling/display
system (Fig. 2.2).

SP’s strain-cylinder was designed and manufactured in accordance with prEN 12390,
Amnex A. Owing to the reason that most of the compression testing machines in Sweden
are designed for testing 150 mm concrete cubes, the height of SP’s strain-cylinder is 150
mm rather than 200 mm as described in prEN 12390.

The positioning plate is similar to that described in DIN 51 302. The commercial gauge
blocks with the size 2, 4, 5 and 6 + (.05 mm were used to confine different eccentric
positions of the strain-cylinder.

The data sampling/display system consists of four channels of amplifier, signal
conditioner and display screen with the functions of zero setting before testing and data
exporting at an expected loading level.

Each strain bridge was calibrated by using two mechanical dial gauges under different
load levels on the compression testing machine TONI Pro 5000 at SP in Boras.

Fig. 2.1. SP’s strain-cylinder.




Fig. 2.2. SP’s data sampling/display system.

2.2 Equipment at VIT

There are two strain-cylinders at the Technical Research Centre (VTT) in Finland for
compression testing machines. One of them was made in Tampere (Fig. 2.3) and another
was bought from Italy. Both of the strain-cylinders were designed according to DIN
51302 or BS 1881, Part 115:1986. The one bought from Italy was currently damaged
probably due to over loading. Therefore, only the one made in Tampere was used in this
project.

Fig. 2.3. VTT’s strain-cylinder made in Tampere.



3 Pilot Tests

3.1 Pilot tests at SP’s concrete laboratory in
Stockholm
3.1.1 Sensitivity control of strain bridges

The sensitivity of four strain bridges gauged on SP’s strain-cylinder was examined twice
on the compression testing machine, TONI Technik 3000 at SP’s concrete laboratory in
Stockholm. The test procedure was in accordance with DIN 51 302, Part 2, Clause 4.3.
The test results are shown in Tables 3.1 and 3.2. It can be seen that the results from two
tests cotrespond very well. All four strain bridges meet the requirements specified in
DIN 51 302. From the sensitivity control the systematic measurement error of each strain
bridge, ¢, - e, could be estimated. The estimated systematic errors in Table 3.1 were
fater used to correct the all measured values.

Table 3.1. Sensitivity control of the strain bridges (the first running).

Sensitivity control of straing bridges
According to DIN 51 302, Part 2, Clause 4.3

Machine Type: TONI Technik 3000
Location: SP, Stockholm
Test date:  1998-09-19
Tested by: Gdran Ohlsson

e 277 273 284 278 Foean  -0.01 002 002 0.00

gy-ey - <5 6 0 (Criterion; +0.02)  OK OK OK OK

€ 2145 2142 2153 2145 Fiean. 0.00 0.00 0.00 0.00

e;-€n -1 -4 7 -1 (Criterion: £0.01)  CK OK OK OK




Table 3.2. Sensitivity control of the strain bridges (the second running).

Sensitivity control of straing bridges
According to DIN 51 302, Part 2, Clause 4.3

Machine Type: TONI Technik 3000
Location: SP, Stockholm
Test date: 1998-12-01
Tested by: Gdran Ohlsson

Foen  -0.01 -0.02

{Crlterion; £ 0.02) OK OK

Foean 000 0.00
(Criterion: £0.01) OK oK

3.1.2 Strain-cylinder test according to prEN 12390

Two compression testing machines at SP’s concrete laboratory in Stockholm, TONI
Technik 3000 and TONI 2000, were tested according to the test procedures described in
prEN 12390, Annex A. The test results are shown in Tables 3.3 and 3.4, respectively.
According to the requirements specified in prEN12390 (see Table 3 in Appendix 1), the
maximum permissible difference in the strain ratio, 7, = Pni 18 0.10, the maximum
permissible mean strain ratio, £y, i  0.10, and the maximum permissible strain ratio
per mm of displacement is 0.06 at 200 kN force and 0.04 at 2000 kN force or at the
maximum capacity of the machine, whichever is the lesser. It can be seen from the
results that both of the machines fulfil the requirements specified in prEN 12390.



Table 3.3. Strain-cylinder test results from the TONI Technik 3000 at SP, Stockholm.

Strain-cylinder Test
According to EN 12390, Annex A

Machine Type: TONI Technik 3000
Location: SP, Stockholm
Test date: 1998-10-30
Tested by Gdran Ohlsson

Correct Ae

Tingan

(Criterion; £ 0.10)

Finax “ Fmin

(Criterion: 0.10)

' Correct Ae

Change In-strain ratio per mm along AC: <=0.06, Approved

Change In strain ratio per mm along B0 <=0.06, Approved

Correct Ag

Change in strain ratio per mmalong AC: 0,031  <=0.04, Approved

Change in strain ratio per mmalong BD: 0,030  <=0.04, Approved




Table 3.4. Strain-cylinder test results of the TONI 2000 at SP, Stockholm.

Strain-cylinder Test
According to EN 12390, Annex A

Machine Type: TONI 2000
Location: SP, Stockholm
Test date: 1998-11-11
Tested by: Géran Ohlsson

Correct Ae

Fivgan . 0011 0004
{Criterion: £ 0.10) OK OK

' Funax * Vi 0026  0.026

(Criterion: 0.10) 0K

Correct Ae

Change in strain ratio per mm along AC: <=0.08, Approved

Change In strain ratio per mm atong BD: <=0.06, Approved

Correct Ag 4 -7

|
Change in strain ratio per mm along AC: <=0.04, Approved
Change In strain ratlo per mm along BD:  0.019  <=0.04, Approved

3.1.3 Estimation of eccentricity

In order to estimate the eccentricity of compression testing machines some additional
ecoentric positions, rather than only 6 mm specified in prEN 12390, were used in the
test. Under ideal conditions, the strain ratio » should be linearly proportional o the
eccentric position x. If there is no eccentricity, the plot #-x should cross the origin. The
mmtercept on the x-axis is, therefore, an indication of eccentricity. The average value of
intercept of Bridges 1 and 2 indicates the eccentricity along the AC direction and that of
Bridges 3 and 4 indicates the eccentricity along the BD direction. Some examples of the
plot 7-x are shown in Figs. 3.1 and 3.2, The results of eccentricity analysis are shown in
Tables 3.5 and 3.8 and illustrated in Figs. 3.3 and 3.6. It can be seen that the eccentricity
measured under the load 200 kN is quite comparable with that measured under the load
2000 kN. To simplify the test procedure and reduce the risk of over loading on the strain-
cylinder, it is suggested that the load 200 kN is used for the estimation of eccentricity.
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Table 3.5. Results of eccentricity analysis from the TONI Technik 3000 at 8P,
Stockholm (under the load 200 kN).

Eccentricity Analysis
Machine Type: TONI Technik 3000 SP, Stockholm

Statistic analysis y =ax +b

a 0049 -0.050 0.049 -0.051 R, R, R,

b 0.077 -0.068 -0.007 0.035 0.988 0.995 0989
X@-g -1571 -1360 0.143  0.686

Real centre of the lower platen
-1.5 mm (along AC direction towards A}
0.4 mm (along BD direction towards D)

R,
0.994

Table 3.6. Resulis of eccentricity analysis from the TONI Technik 3000 at SP,
Stockholm (under the load 2000 kN).

Eccentricity Analysis
Machine Type: TONI Technik 3000 SP, Stockholm

Statistic analysis y =ax +b
a 0.035 -0.035 0.034 -0.034 R, R, R,
b 0.042 -0.039 -0.007 0.007 0978 0978 0977
Xg=g -120 -LI1 021 021

Real centre of the lower platen
=1.16 mm (along AC direction towards A)
0.21 mm {along BD direction towards D)

Ry
0.978
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Table 3.7. Results of eccentricity analysis from the TONI 2000 at SP, Stockholm (under
the load 200 kN).

Eccentricity Analysis
Machine Type: TONI 2000 SP, Stockholm

Statistic analysis y =ax +b
a 0026 -0.024 0030 -0.029 R, R, R, R,
b -0.013 -0.006 -0.015 0.013 0.989 0.98 0.979 0.98

X@-p 0500 -0250 0500 0448

Real centre of the lower platen
0.1 mm (along AC direction towards C)
0.5 mm (along BD direction towards D)

Table 3.8. Results of eccentricity analysis from the TONT 2000 at SP, Stockholm (under
the load 2000 kN).

Eccentricity Analysis
Machine Type: TONI 2000

Statistic analysis y =ax +b
a 0020 -0.020 0.020 -0.020 R, R, R, R,
b 0002 -0.004 -0.010 0.011 0.99 099 0997 0996
Xp=g 010 020 050 055

Real centre of the lower platen
0.2 mm (along AC direction towards A)
0.5 mm (along BD direction towards D)
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3.2 Pilot tests at concrete industrial laboratories

According to the Swedish regulations for testing concrete strength (BBK 94), the test
results from a concrete industrial laboratory should be comparable with those from a
reference laboratory in a comparison test. SP is one of the reference laboratories in
Sweden. In our practice it has been found that the compressive strength test results from
a number of concrete industrial laboratories in some cases did not fulfil the requirements
specified in the Swedish regulations BBK 94, even though the machines in these
industrial laboratories were correctly calibrated according to EN 10002-2 and SS 13 11
10. Tn order to find the reasons why the deviations are so large, two industrial
laboratories from where the test results are not comparable with those from SP were
chosen to control their compression testing machines according to prEN 12390. The
strain-cylinder test results from these two laboratories are shown in Tables 3.9 and 3.10.
It can be seen that both of the machines were failed according to the specifications given
in prEN 12390. From the eccentricity examinations it was found that both of the
machines reveal significant eccentricity, especially the machine at Industrial Lab 1, as
shown in Figs. 3.7 and 3.8. Due to the significant eccentricity, overflow of strain under
the load 2000 kN was found. An interesting thing is that the verification of restraint on
movement of the upper machine platen might be approved even if the machine shows a
significant eccentricity, ¢.g. the one at Industrial Lab 1 under the load 200 kN.
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‘Table 3.9. Strain-cylinder test results of the machine at Industrial Lab 1.

Strain-cylinder Test
According to EN 12390, Annex A

Machine Type: Seidner WP 200
Location
Test date:

Tested by: Géran Ohlsson

Correct Ae

Tmoan  ~0.410

0.371 ~0.035 0.071

(Criterion: £0.10) Falled  Failed OK OK
Ty = Yoin 0,698 0.671 0.4326 0.448
(Criterlon; 0.10) Failed Falled Falled Failed

Correct Ae

0.047 <=0.06, Approved
Change In straln ratlo per mm along BD:  0.055  <=0.06, Approved

Correct Ae 1 4 -7 1

Change in strain ratio per mm along AC:

Overflow!
2391 1781 1985 2209
1944 2276 1579 2619
2004 2167 2609 1591 A

Change In strain ratlo per mm along AC: IHEHHHEEE FIBHHEHE

Change In strain ratio per mm along BD: Q.04

»0.04, Failed
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Table 3.10. Strain-cylinder test results of the machine at Industrial Lab 2.

Strain-cylinder Test
According to EN 12390, Annex A

Machine Type: TECNOTEST 461

Tested by: Gdran Ohlsson

Correct Ae

Fmean 0277  0.262 0.310 -0.5st
{Criterlon: + 0.10)  Failed Failed Falled Failed
Tax ~Tn 1129 1.108 0.921 0.975
(Criterion: 0.10) Falled Falled Failed Falled

Correct Ae

Change in strain ratio per mm along AC: EHEHNEHL HBEHHHE
Change In strain ratio por mm along BD: #HEHHEH: IHHEHERE
jj| Correct ae 1 4

overflow!

Change in strain ratio per mm along AC: HHEHEEEE FHHHEHH

Change in strain ratic per mm along BD: #38EHHHR #HHERHE
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4 Comparison Tests between SP and VIT

4.1 Comparison tests ac(:ofding to prEN 12390

In order to compare the test results from different strain-cylinders, two compression
testing machines, TONI Pro 5000 with automatic operation system and TONI 2000 with
manual operation system, both machines are located at SP’s concrete laboratory in
Boréas, were tested by using SP’s strain cylinder and VIT’s strain cylinder. The test
results from SP’s strain cylinder are shown in Tables. 4.1 and 4.3, and those from VTT’s
strain cylinder are shown in Tables 4.2 and 4.4, respectively.

Table 4.1. SP’s strain-cylinder test resulis of the TONI Pro 5000 at SP, Borés.

Strain-cylinder Test
According to EN 12390, Annex A

Machine Type: TONI Pro 5000
Location: SP, Boras
Test date:  1998-12-09
Tested by: SP Géran Ohlsson

Correct Ae

Frnaan
(Criterion: £0.10) OK 0K OK OK

frc=fmn 0.017 0013 0032  0.032
{Criterion: 0.10) QK OK OK aK

Cormract Ae

3 241 ;i
Change in strain ratio per mm along AC:  0.026  <=0.06, Approved

Change In straln ratio per mm along BD: 0,023 <=0.06, Approved

kM| Correct ae 4 7

Change in strain ratio per mm along AC:  0.011

Change In strain ratio per mm along BD:  0.010  <=0.04, Approved
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Table 4.2. VTT’s strain-cylinder test results of the TONI Pro 5000 at SP Borés.

Strain-cylinder Test
According to EN 12390, Annex A

Machine Type: TONI Pro 5000
Location: SP, Boras
Test date: 1998-12-09
Tested by: VTT, Kalevi Kantojarvi

{with under-disg, 1st running)

Correct Ae

Fiean 0131 -0.128 0.130 -0.131
(Criterion; £ 0.10} Falled Failed Falled Failed

Ymax = Fmin 0,088 0.088 0.246 0.237
{Criterion: 0.10) OK QK Failed Failed

Correct Ae -1 3 -4 3

Change In strain rallo per mm along AC:  0.010  <=0.06, Approved

Change in strain ratio per mm along BD:  0.011  <=0.06, Approved
fif oo RNy  Correct Ae 21 1

2092 1993 ) : _
Change In sirain ratio per mm along AC: 0,007 <=0.04, Approved

Change in siratn ratio per mm along BD: 0,004  <=0.04, Approved
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Table 4.3. SP’s strain-cylinder test results of the TONI 2000 at SP, Bords.

Strain-cylinder Test
According to EN 12390, Annex A

Machine Type: TONI 2000
Location: SP, Boras
Test date: 1998-12-09

Tested by: SP Goran Ohlsson

Correct Ae

0.018 -0.003

(Criterion: £ 0,10) OK OK OK 0K
Firax = Fmin 0,076 0.072 0.065 0075

{Criterion: 0.10)  OK OK OK OK

Correct Ae

Change in strain ratio per mm along AC: 0,045 <=0.06, Approved
Change in straln ratlo par mm along BD:  0.044  <=0.06, Approved
Correct Ae 4 -7

Change in strain ratioc per mm along AC: <=0.04, Approved

Change in strain ratio per mm along BD:  0.020 <=0.04, Approved
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Table 4.4. VTT’s strain-cylinder test results of the TONI 2000 at SP, Bors.

Strain-cylinder Test
According to EN 12390, Annex A

Machine Type: TONI 2000
Location: SP, Boras
Test date: 1998-12-09
Tested by: VTT, Kalevi Kantojérvi

(with under-disc)

Correct Ae

Tmoan

(Criterion: £ 0.10) Failed  Falled Falled Falled
Fuax*Twn 0587 0582 0775  0.774
{Criterion: 0.10) Failed Failed Failed Failed

4o

Change in straip ratlo per mm along AC: <={.06, Approved

Change in strain ratio per mm along BD: <=0.06, Approved
ik Correct Ae

Change In strain ratio per mm along AC: <=(.04, Approved

Change in.strain ratio per mm along BD:  0.033  <=0.04, Approved

According to SP’s strain-cylinder test results (Tables 4.1 and 4.3), both of the machines
fulfil the requirements specified in prEN 12390, while according to VTT’s sirain-
cylinder test results (Tables 4.2 and 4.4) both of the machines failed in the verification of
alignment of machine components and self-alignment of upper platen. It should be noted
that 2 16 mm thick disc was used under VTT’s strain-cylinder to facilitate the
positioning. After discussions at a meeting with the participates from NBI, SP and VTT,
the under-disc is suspected of distorting the stress distributions in the strain-cylinder. For
instance, if the disc has any convex surface, the stress distributions in the strain-cylinder
will be changed, resulting in different strain behaviours on the side surface of the strain-
cylinder. This could be seen later in the eccentricity tests. Since VTT’s strain-cylinder
has a total height of 216 mm (including the thickness 16 mm of the under-disc) which is
over the maximum space between the upper and the lower platens of the TONI 2000,
thus the lower platen was taken away when using VTT’s strain-cylinder. After the test it




21

was found that the place where VTT’s strain-cylinder was put on has been indented by
the strain-cylinder. Therefore, the results in Table 4.4 may not be valid due to the
deformation of the steel on the machine.

In order to-check if the machine has changed its bebaviour, after VI'T’s strain-cylinder
test, the TONI Pro 5000 was tested once more by using SP’s strain-cylinder. The test
results are shown in Table 4.5. 1t can be seen that the results are quite comparable with
those shown in Table 4.1, This implies that the machine’s behaviour was stable. This
also implies that the repeatability of the strain-cylinder test is fairly good.

Table 4.5. SP’s strain-cylinder test results of the TONI Pro 5000 at SP, Boris,
(the 2" running).

Strain-cylinder Test
According to EN 12390, Annex A

Machine Type: TONI Pro 5000
Location: SP, Boras
Test date: 1998-12-10
Tested by: SP Géran Ohlsson

Correct Ae

(Criterion: + 0.10)

Fimax = Tmin

{Criterion; 0,10)

Change In straln ratio permmalong AG: 0,025  <=0,06, Approved

Change In strain ratio per mm along BD:  0.023  <=0.06, Approved

Correct Ag 1

Change In strain ratio permm along AC:  0.011  <=0.04, Approved

Change in straln ratio permm along BD:  0.010  <=0.04, Approved
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4.2 Eccentricity tests

For SP’s strain-cylinder, the eccentric positions 0, 1, 2, 3, 4, and 6 mm were tested and
for VIT’s strain-cylinder, the eccentric positions 2, 4 and 6 mm were tested. According
to SP’s results, no significant difference was found in eccentricity when tested at the
eccentric positions 1, 2, 3 and 4 mm and at 0, 2, 4 and 6 mm, as shown in Tables 4.6 and
4.7. 1t is apparent that the test procedure is simpler when using the eccentric positions 0,
2, 4 and 6 mm. The results from VTT’s strain-cylinder seem very abnormal (see Table
4.8). From the r-x plots (see Fig. 4.1) it can be seen that most of the measured points are
out of the linear relationship between strain ratio and eccentric position. This might be a
support to the suspicion that the under-disc has distorted the stress distributions in the
strain-cylinder. Consequently, the distorted stress distributions have, in return, distorted
the linear relationship between r and x. Therefore, only the results from SP’s strain-
cylinder are illustrated in Figs. 4.2 and 4.3.

Table 4.6. Eccentricity test results from SP’s strain cylinder on the TONI Pro 5000 at
SP, Boras. (Eccentric positions 1, 2, 3 and 4 mm).

Eccentricity Analysis
Machine Type: TONI Pro 5000 SP, Boras

..
Statistic analysis y =ax +b

a 0028 -0.027 0020 -0.028 R, R, R, R,

b 0.053 0065 0.034 -0.010 0994 0.997 0983 0984

X -0 -1.893 -2407 -1.700 -0.357

Real centre of the lower platen
-2.2 mm (along AC direction towards A)
-1.0 mm (along BD direction towards B)
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Table 4.7. Eccentricity test results from SP’s strain cylinder on the TONI Pro 5000 at
SP, Bords. (Eccentric positions 0, 2, 4 and 6 mm).

_ Eccentricity Analysis
Machine Type: TONI Pro 5000 SP, Boras

Statistic analysis y =ax +b
a 0.026 -0.027 0.020 -0.027 R, R, R, R,
b 0.054 -0.059 0.033 -0.004 0996 0997 0994 0993

Xy =0 -2077 -2.185 -1.650 -0.148

Real centre of the lower platen
~2.1 mm {along AC direction towards A)
«0.9 mm (along BD direction towards B)

Table 4.8. Eccentricity test results from VTT’s sirain cylinder on the TONI Pro 5000 at
SP, Boras. (Eccentric positions 0, 2, 4 and 6 mm).

Eccentricity Analysis
Machine Type: TONI Pre 5000 SP, Boris

Statistic analysis y =ax +b
a 0005 -0.005 0.006 -0.008 R, R, R, R,
b 0.080 -0.088 0.049 -0.050 0446 0432 0742 0.877
Xy=g -1780 -17.60 -817 -6.25

Real centre of the lower platen
-17.7 mm (along AC direction towards A)
-7.2 mm {along BD direction towards B)
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Fig. 4.1. Plot r-x tested on the TONI Pro 5000 at SP, Boris, using
VTT’s strain-cylinder (under the load 200 kNN).
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Fig. 4.2. 1llustration of the real centre of the TONI Pro 5000 at SP, Borés.
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Fig. 4.3, Illustration of the real centre of the TONI 2000 at SP, Bors.
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5 Concluding Remarks

According to the results from the strain-cylinder tests as well as the additional
eccentricity tests the following conclusions could be drawn:

o The strain-cylinder test according to prEN 12390 is a useful tool to find out some
defects of a compression testing machine, such as defective self-alignment of the
upper platen and/or significant eccentricity in the machine.

e The additional eccentricity test is a useful auxiliary tool for quantitatively
determining the eccentricity in a machine.

 Significant eccentricity was found in some machines from which the test results of
concrete compressive strength in some cases did not fulfil the requirements in
comparison tests according to the Swedish regulations BBK 94, even though these
machines were calibrated in accordance with EN 10002-2 and SS 13 11 10.

o If there exists extreme eccentricity in a machine, the strain-cylinder may risk over-
loading, especially at the load 2000 kN. In this case, it is suggested that the additional
eccentricity test should be carried out and possible measures should be taken to
reduce the eccentricity in the machine.

e The additional eccentricity test can be achieved by applying additional eccentric
positions in the strain-cylinder test, as described in Appendix 2.

e Any extra disc under or over the strain-cylinder might distort the stress distributions
in the strain-cylinder, resulting in distorted strain ratios.
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FOREWORD

This standard has been prepared by CEN Technical Committee TC104 - Concrete and was
circulated for CEN Enquiry in April 1996. It received ratification from the CEN Technical
Board on 199*Month**,

This Standard is one of a series concerned with testing concrete and no existing European
Standard is superseded.

During the 1980s a number of countries found it necessary to introduce standards to specify
more precisely the performance of compression machines for testing concrete specimens.
This standard has been written to continue this movement and to overcome the present lack of
a BEuropean Standard.

Three classes of testing machine are currently recognized, corresponding to scale accuracies
of 1 %, 2 % and 3 %. It is evident that these accuracy classes have a direct impact upon the
accuracy of the test result and it is a matter for each country to decide whether to limit the
range of machine classes to, for example, 1 % and 2 %.

The requirement in this standard for the manner of force transfer is also important with regard
to the effect upon measured compressive strength. However, the requirement may be difficult
to satisfy on some older testing machines. It is therefore a matter for each country to decide
whether, at present, this requirement shall apply only to new machines as written in this
standard or whether it shall apply immediately to all machines.

The requirements for testing machines set out in this standard have been formulated to satisfy
the needs of those compressive tests on concrete specimens which are specified in EN 206.
Machines conforming to this standard may be suitable for other uses, but this needs to be
carefully considered on an individual test basis. Particular care needs to be taken before using
machines conforming to this standard for compressive tests on small specimens e.g. these with
lateral dimensions significantly less than 100 mm. The main concern is that the ball-seating
fitted to the upper platen may be too large to align satisfactorily on the top of such small
specimens and special adaptations may be required. Another concern is the ability to
accurately determine the failure load of small or low strength specimens.
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Testing concrete - Determination of compressive strength - Specification for
compression testing machines

SCOPE

This Standard specifies the requirements for the performance of compression testing machines
for the measurement of the compressive strength of concrete.

REFERENCES

This European Standard incorporates by dated and undated reference, provisions from other
publications. These normative references are cited at the appropriate places in the text and the
publications are listed hereafier, For dated references, subsequent amendments to or revisions
of any of these publications apply to this European Standard only when incorporated in it by
amendment or revision. For undated references the latest edition of the publication referred to
applies.

EN 10002-2 Metallic materials - Tensile testing - Part 2: Calibration of the force
measuring system of the tensile testing machine.

EN 10002-3 Metallic materials - Tensile testing - Part3: Calibration of force proving
instruments for the verification of uniaxial testing machines.

ISO 409-1: Metallic materials - Hardness test - Tables of Vickers hardness values for
use in tests made on flat surfaces- Part 1 - HVS to HV100.

ISO 6507-1: Metallic materials - Hardness test - Vickers test- Part 1- HVS to HV 100,

[SO/ R468 Surface roughness - Parameters, their values and general rules for

specifying requirements,

3. DEFINITIONS

For the purposes of this standard the following definitions apply:

3.1 auxiliary platen: separate platen used to protect the machine platens,
usually of a size equal to the designated size of the specimen being tested

3.2 contact area: the part of the platen that comes into contact with the
specimen

3.3 indicated force: the force indicated on the machine scale(s) or dlsplay

34 indication range: the total force range, from zero to maximum, displayed
on the machine

3.5 machine platens: lower platen and upper platen with spherical seating both
centred on the central vertical axis of the machine

3.6 measuring range: that part of an indication range over which the machine
conforms with the accuracy values specified in this standard

3.7 relative accuracy error:

3.7.1  true force: the difference between the average indicated force and
the true force expressed as a percentage of the true force

372 indicated force: the difference between the average true force and
the indicated force expressed as a percentage of the indicated force

38 relative repeatability error:

3.8.1 trueforce: the greatest difference between the indicated forces
corresponding to repeated applications of a true force expressed as
a percentage of the true force

3.8.2  indicated force: the greatest difference between the true forces
corresponding to repeated applications of an indicated force
expressed as a percentage of the indicated force
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39 resolution of force: the smallest increment of force that can be assessed, estimated,
or read on any force indication range.(see annex B).

3.10  spacing block: metal block used to adjust the space available to test specimens

3.11  true foree: the force indicated on a calibrated force proving device

CONSTRUCTION OF MACHINES
4.1 Machine platens, auxiliary platens and spacing blocks

NOTE 1. The use of auxiliary platens is optional.

4.1.1 Machine and auxiliary platens shall be made of a material which shall
not deform irreversibly when the machine is used.

4.1.2 Machine and auxiliary platens shall have a hardness value of at least
550 HV 30 (HRC 53).when tested in accordance with [SO 6507 - 1,

4.1.3 The flatness tolerance for machine platens and auxiliary platens shall

be 0,03 mm for the area in contact with the specimen.
NOTE 2. For the purpose of this European Standard, flatness can be assessed by the
measurement of straightness in four positions. [see Annex B of EN 12356]

4.14 The roughness value (R,) for the surface texture of machine and
auxiliary platens shall be in the range 0,4 pm to 3,2 pm, when
assessed in accordance with ISO: R468, for the area in contact with
the specimens.

4,1.5 The area of machine platens in contact with the specimen shali be at
least as great as the area of the specimen being tested.

4.1.6 The distance between either pair of opposite edges of a square
auxiliary platen, or the diameter of a circular auxiliary platen, shall
be not less than the designated size of the specimen.

4.1.7 The two contact faces of an auxiliary platen shall be paralle! to a

: tolerance of 0,05 mm.

4.1.8 Auxiliary platens shall be at least 23 mm thick.

4,19 If there is a requirement to reduce the distance between the machine
platens, up to four spacing blocks may be used.

4.1.10 A spacing block may be either circular or square in section and shall
be adequately supported from below. :

NOTE 3. A minimum diameter or length of side of 200 mm is recommended for
spacing blocks.

4.1.11 Spacing blocks shall comply with the flatness and parallelism

tolerances required for auxiliary platens. (see clauses 4.1.4 and
4.1.8)

4,1.12 Spacing blocks shall not be placed in contact with the specimen.

4,1.13  Spacing blocks shall be positively located, centrally on the vertical

machine axis.

4.2 Force measurement
421  Force indicator
4.2.1.1 The machine shali be provided with:
. dials or digital displays which allow the force to be read to
the required accuracy. [see B1.2Y;
. a system which allows the maximum force sustained to
be read after completion of the test, until reset;
. displays readable from the operating position.
4.2.1.2 The lowest verifiable value (see B1.4) of each measuring
range shall be less than or equal to 20 % of the maximum
value of the range. If the machine is equipped with
several indication ranges the above requirement shall
apply to each range.
'42.1.3 The machine force indication system shall not be affected
- by explosive failure of the specimen. '
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422  Force indicator calibration
Force indicators shall be verified and shall conform to the requirements of
Table 1 for the particular class of testing machine,

Table 1. Fo

rce scale tolerances

The tabulated percentages are the maximum permitted for the related machine classes

Machine Relative Relative Relative zero error | *Machine
class accuracy error repeatability (% of scale resolution
error maximum)
Y% % % Yo
1 +1,0 1,0 +0,2 0,5
y; +£2,0 2,0 +04 1,0
3 +3,0 3,0 + 0,6 1,5
*see definition in 5.3 of EN 10002 - 2
423  Force indicator repeatability
The requirements of Table 1, appropriate to a machine's class, shall apply to
each measuring range.
424  The accuracy of force indication shall be maintained under any or all of the

following ctrcumstances:

mains voltage fluctuations of -14 % to +10 %;
at a temperature of (20 + 10) °C:
at a relative humidity of up to 30 %.
NOTE: Where electrical or other interference exists this may affect the accuracy of
force indication and special provisions to overcome this interference may be

necessary.

4.2.5  Deviation in linearity

[f a DC output, proportionate to the indicated force is provided, the linearity
deviation of the output voltage - expressed as a percentage of the maximum
output voltage - shall not exceed the value shown in Table 2.

Table 2, Deviation in the linearity of the output voltage

43

Maximum permissible deviation in linearity in
relation to the maximum output voltage
Machine class %

1 =0,1
2 40,2
3 +0,3

Force control

4.3.1

The compression testing machine shall be provided with a control system.

The control system shall enable the machine to be verified and to allow
force to be applied smoothly and without shock. It shall also allow the force
to be applied at prescribed constant rates.

432
433

The control system may be operated either by manual or automatic means.
If the machine is not equipped with automatic application of force, a pacer

shall be fitted to enable the operator to maintain the specified rate. The
pacer shall indicate a rate within + 5 % of the specified rate.
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44

Force transfer

4.4.1  Unless national provisions state otherwise, clauses 4.4.5, 4.4.6, 4.4.7 and
4.4.8 shall apply only to new machines delivered after this standard is
implemented,

442  The upper platen shall incorporate a ball seating. The upper platen and the
ball seating may be constructed separately or in one piece.

443  Atthe design stage, the manufacturer shall ensure that the centre of rotation
of the ball seating shall coincide with the centre of the contact area of the
machine platen and permit a rotation of at least three degrees.

4.4.4  Atthe start of atest, the upper platen shall align itself with the surface of the
specimen, or an auxiliary platen, when the initial contact is made, before
locking into position for the remainder of the test.

4.4.5 The design shall ensure that the requirements of Table 3 shall be met.

446  The force transfer shall be evaluated by means of a strain-gauged column as
described in Annex A, or by an equivalent device.

4.4.7  The machine shall be designed to enable devices as set out in annexes A and
B, or similar, to be used for verifying; )

. accuracy of force indication;

self alignment of the upper machine platen;

similar, to be used for verifying:

alignment of component parts of the machine;

restraint of movement of the upper platen.

448  When tested in accordance with Annex A, or equivalent method, the
machine shall conform to Table 3.

Table 3. Maximum permissible values for the mean strain ratio, the greatest difference in the
strain ratio, and the strain ratio per mm of displacement.

Force Self alignment of Alignment of Restraint en
upper machine machine components | movement of upper
kN platen platen
Maximum Maximum Maximum
permissible permissible permissible strain
difference in the mean strain ratio ratio per mm of
strain ratio displacement
200 0,10 +(,10 0,06
2000 N/A N/A 0,04

NOTE: The highest force (used only in the examination of restraint of movement of the upper
platen) shail be the maximum capacity of the machine or 2000 kN whichever is the
lesser. :

4.5

Specimen location

4.5.1 To ensure correct positioning of the specimen in relation to the loading axis,
the lower machine platen shall be provided with centring lines, locating
cams or other fixtures for centring specimens.

4,52  If positive physical location is used for positioning specimens or auxiliary
platens, then any locating device shall not restrict the deformation of the
specimen during the test.

4,53  Centring lines, if provided, shall be no more than 0,5 mm wide and no more
than 1,0 mm deep.
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J. MACHINE CALIBRATION

5.1

Characteristics to be assessed

The examination for correct operation of a testing machine shall consist of
calibrating:
s the accuracy of the force indication;
» the force transfer, (stability); {only for new machines, unless national
provision requires otherwise);
flatness of the platens;
control of rate of application of force.

5.2 Freguency of calibration
5.2.1 Calibrate according to 5.1 when the machine is first installed
5.2.2  Re-calibration shall be undertaken at a rate stipulated by an accredited
quality system or annually and after:
) relocating the machine or;
. repair or replacement of any part likely to affect the
characteristics verified in 5.1.
6. DETAILS TO BE PROVIDED BY THE SUPPLIER/MANUFACTURER
6.1 Specification
The supplier/manufacturer shall indicate at least the following details in the
specification of the test machine:
a) testing machine class according to this Standard;
b) indication range {or ranges);
c) measuring range (or ranges);
d) description of the measuring indicator;
e) dimensions of the platens;
f) dimensions of the auxiliary platens (if appropriate);
£) minimum and maximum height between the platens, and the maximum
lateral access;
h) maximum usable ram stroke;
i) description of the maximum force indicator (e.g.: slip pointer, peak value
detector),
6.2 Enstallation and connection
The supplier/manufacturer shall provide at least the following installation and
connection details:
a) dimensions of the machine;
b) weight of the machine;
c) drawing of the foundations, if appropriate;
d) details of electrical requirements;
7e) detailed operating instructions.
6.3 Maintenance

‘The supplier/manufacturer shall provide at least the following maintenance details:

a) maintenance schedule, including the requirements for the ball-seating;
b) details of the oil to be used in the hydraulic sections.
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NORMATIVE ANNEX A -

STRAIN GAUGED COLUMN AND PROVING PROCEDURE FOR COMPRESSION
TESTING MACHINES

NOTE 1.

NOTE 2.

Al

These procedures should be carried out by experts. They are included to give a standard
form of proving device and precedure for those laboratories qualified to conduct the test.
Where it can be demonstrated that other devices and methods of verification will provide
comparable verification of the requirements, the use of these altermatives is permitted.

The strain gauged cofumn

The strain gauged column shall be a cylinder of nickel-chrome steel and tempered to a
hardness value of at least 370HV 30. I shall be (100 + 1} mm in diameter and (200 + 1) mm
high. The flatness tolerance for the ends, shall be 0,03 mm but the surfaces shall not be
convex. The parallelism tolerance shall be 0,06 mm. The squareness tolerance of the
cylinder, with respect to one end as datum face, shall be 0,03 mm. The roundness tolerance of
the ends of the cylinder shall be 0,02 mm, and the whole cylinder shall be within a cylindricity
tolerance of 0,04 mm. Centre holes of maximum size 15 mm diameter by 15 mm deep are
permitted in the ends of the cylinder.

The column shall be gauged using matched temperature-compensated electrical resistance
strain gauges. Four complete bridges, each centred at one of the ends of a pair of orthogonal
diameters half-way up the cylinder shall be used. Each bridge shall consist of two elements
measuring axial strain and two measuring circumferential strain as shown in Figure Al. Each
bridge shall be electrically and thermally balanced.

The column shall be supported in a carrying box by circumferential shoulders near the ends of
the cylinder. The edge of each shoulder nearest the centre of the cylinder shall be not further
than 15 mm from the nearest end of the cylinder. Vertical lines shali be inscribed on the
cylinder walls so that they are visible outside the carrying case to indicate the position of the
centre lines of the bridges. These lines shall not extend further than 20 mm from the lower
end of the cylinder.

The column shall be used with a switch and balance unit which enables the outputs of each of
the four bridges to be balanced in the unforced condition and the bridge cutputs to be selected
thereafter by operation of a switch.
NOTE  Alternatively, simultaneous display of the four bridge outputs may be used if
means are provided to enable the sensitivity of the four channels to be checked
and, if necessary, equalized immediately prior to taking a series of readings.

The strain gauged column shall be used in conjunction with dedicated strain measuring
equipment,

The maximum limit of error for strain measuring equipment shall be + 0,1 % or 5 micro
strain, whichever is greater.

The strain gauged column with its dedicated strain measuring equipment shall be calibrated to
national standards at least every two years.
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Procedure for verifying the self-alignment of the upper machine platen and the
component parts of the machine

Locate the device centrally on the lower machine platen or a 150 mm square auxiliary platen
as shown in figure A2. Designate the mid-points of the edges of the platen, or auxiliary
platen, as A, B, C and D and the four bridge positions on the device 1, 2, 3 and 4.

C

L
S — | *{
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R : |
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1 %
; 1S mmman | ‘
E;.___._B_‘ﬂ'g\ Lines indicating 150 man
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Figure Al - Gauging of device Figure A2 - Positioning

Measure the distances from the centre of each top edge of the positioning platen to the nearest
point on the bottom edge of the device and adjust the position of the device until the
differences between pairs of measurements from opposite edges of the platen to the device do
not exceed 0,10 mm. _
NOTE. This may be conveniently achieved by fitting a stop to the edge of the platen
and providing accurately machined spacers to centralize the device, or by the
use of a jig unique to a given device.

Operate the machine to bring the top of the device no closer than 5 mm to the upper machine
platen and tilt the upper machine platen down towards A about axis BD either to its fullest
extent or until it touches the device. Gently release the upper machine platen and operate the
machine so that the upper machine platen aligns with the device. Increase smocthly the
indicated force onto the device up to a nominal value of at least 200 kN. Hold the force
constant and read the outputs of the four bridges. If the force exceeds 200 kN but does not
exceed 220 kN before it can be held constant, do not reduce it before taking the readings. If
the force exceeds 220 kN restart the test.

Use the mean ey, of the four bridge outpuis e, e, e and e to calculate the strain ratio
{e - e )e_ foreach bridge, wheree is the strain at the bridge position under consideration.

Repeat the test; firstly with the upper machine platen tilted down towards C about an axis BD,
secondly with the upper machine platen tilted down towards B about an axis AC and thirdly
with the upper machine platen tilted down towards D about an axis AC.

If the device is correctly machined and gauged, the sensitivity of the four bridges will be
equal. However, if this is in doubt, repeat the readings, first with bridge 1 adjacent to B, then
with bridge 1 adjacent to C and finally with bridge 1 adjacent to D (see Figure A2).

The readings so obtained, together with those obtained with bridge 1 opposite A, shall be
meaned to eliminate differences in bridge sensitivity on the device. This shall be dene for the
readings on all four bridges.
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Self-alignment of the upper machine platen

QObtain the strain ratios at 200 kN for the four different directions of initial platen tilt and
compare them with the requirements set out in Table 3,

Alignment of the component parts of the machine

If the self-alignment is correct (see A.3), calculate the mean strain ratios for each of the four
bridges and compare them with the requirements set out in Table 3.

Procedure for verifying restraint on movement of the upper platen

If the self-alignment and alignment are cotrect (see A.3 and A.4) displace the device by

(6 +0,05) mm from the central position along AC towards A. Without further adjustment of
the upper machine platen, operate the machine to bring the device into contact with it and
apply the force smoothly. Record the outputs of the four bridges at nominal forces of 200 kN
and 2000 kN. If the machine capacity is less than 2000 kN, take readings at 200 kN and at
maximum capacity. Take care to ensure that the output of each of the four bridges is read
while the force is held constant. If either nominal force is exceeded, but by 10 % or less,
before it can be held constant do not reduce it before taking the readings. If either nominal
force is exceeded by more than 10 %, restart the test.

Repeat these readings with the device displaced (6 + 0,05) mm from the central position,
firstly along AC towards C, secondly along BD towards B and thirdly along BD towards D.
Let r represent a strain ratio. Use subscripts 1,2,3 and 4 to denote the positions of the bridges
on the strain cylinder (as in Figure 2), and use subscripts a, b, ¢ and d to denote displacement of
the cylinder towards A, B, C and D, so that, for example, »|, denotes the strain ratio for bridge
number | when the cylinder is displaced 6 mm towards A.

For each force, calculate the change in strain ratio per millimetre offset for displacement along
AC as:

(1 -rac) - (riy - rap)

(1).
24

and calculate the change in strain ratio per millimetre offset for displacement along BD as:

(r3g = r4q) = (r3p - rap)
(2)
24

Safety requirements

When using the device, particularly when it is at an eccentric setting, care shall be taken to
ensure that the indicated force does not exceed the specified value of the device.

The device shall be clearly marked indicating the ‘maximum permitted force when applied
centrally’

NOTE If the device is overloaded in an eccentric position, there is a danger that the
horizontal motive forces resulting from a one-side compression of the device, may
exceed the retaining friction forces between the compression surfaces of the testing
machine and those of the device, which would cause the device to be projected
violently from the testing zone, '
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NORMATIVE ANNEX B -
FORCE CALIBRATION PROCEDURES

B.l. General

B.1.1

B.1.2

B.13

The forces applied by uni-axial materials testing machines shall be calibrated
according to the procedures described, to allow a categorization for repeatability and
error of force. To ensure that the class is consistent with the resolution of the force
indication, a lower limit of calibration shall be determined.

Resolution (see Table 1)

B.1.2.1

B.1.22

Analogue scale The width of the graduation marks defining the smallest
scale interval on the scale shall be uniform and approximately equal to the
width of the pointer. If the force indication is made by means of a chart
recorder, the width of the lines defining the smallest scale interval on the
chart should be uniform and approximately equal to the width of the trace.

NOTE The width of a graduation mark should not exceed the resolution
allowable for a considered scale,

A scale interval shall be subdivided by estimation to determine the
resolution (#) as follows:

a) when the scale interval is at least 2,5 mm wide, the
resolution is one-tenth of a scale interval;

'b) when the scale interval is at least 1,25 mm wide and less
than 2,5 mm wide the resolution is one fifth of a scale
interval;

c) when the scale interval is less than 1,25 mm wide, the

resolution is one-half of a scale interval.
The resolution shall be expressed in units of force.

If the force indication is by means of a chart record, the nominal width and
the graduation interval of the chart paper used shall be recorded. The
grading of the machine is applicable only when chart paper of the same type
is used, If there is no facility for generating an electrical calibration input to
a chart recorder so that small changes in the width of the chart paper may be
accommodated, then the overall width of the chart used during the
catibration shall be measured to an accuracy equivalent to the resolution and
shall be recorded. The width of chart paper subsequently used shall be
within + 2r of this width.

Digital scale The resolution shall be determined when there is no force
applied by the materials testing machine and shall be equal to one-half of
the range of fluctuation on the digital read-out but shail be not less than
one increment of count. '

The resolution shall be expressed in units of force.

Calibration

Calibration shall be carried out for each force-measuring system for which a class is

sought.
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Lower limit of calibration

Calibration shall not be performed below the lower limit £, on any force-measuring
system determined as follows:

F,=a.r
where:
a  has the following values:
200 for class ! machine;
100 for class 2 machine;
66,6 for class 3 machine,

¥ is the resolution determined in accordance with B.1.2.

NOTE Calibration should not be started unless the testing machine is in good
working order.

Calibration equipment

The force calibration equipment shall conform to EN 10002-3 when calibrated in the
increasing load mode.. The requirement in EN 10002-3 for calibration in decreasing load
mode is not applicable to force verification equipment used for the verification of
compression testing machines specified in this standard. The class of the force calibration
equipment shall be equal or superior to the proposed class of the machine to be verified.

The calibration equipment shall be calibrated to national standards at least every two years.

Preliminary procedure

B.3.1

B32

833

Alignment

The calibration equipment shall be mounted in the machine so that the forces are
applied along the loading axis of the machine.

Temperature compensation

Sufficient time shall be allowed for the calibration equipment to attain a stable
temperature. The temperature at the beginning and end of the application of each
series of forces shall be recorded. Where necessary, temperature corrections shall be
applied to the deflecticns of proving devices.

Machine conditioning

The materials testing machine and calibration equipment shall be exercised three
times between zero force and the maximum force to be measured. The machine's
force indicator shall then be reset to zero.

A spherical seated platen satisfying the requirements of Annex A shall be deemed to
provide the necessary alignment of machine platens and proving devices; no
additional, auxiliary, alignment provision should be required.
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B.4. Calibration procedure

B.4.1

B.4.2

B.4.3

Method

One of the following calibration methods shail be used:

a)

b)

True force The machine shall be operated to balance a given true force as
determined by the calibration equipment. The machine's indicated force
shall then be recorded,

Indicated force The machine shall be operated to apply a given indicated
force and the true force measured by the calibration equipment recorded.

Selection of test forces

B4.2.1

General The total number of forces required to calibrate a materials testing
machine depends on the number of ranges over which the machine is
constructed to operate, the appropriate number of forces given in B4.2.2 to
B4.2.4 shall be used.

B.4.2.2 Single-range materials testing machines A series of at least five

B.4.23

B.4.24

approximately equi-spaced forces, upwards from 20 % of the scale
maximum or the lower limit of calibration, whichever is greater shall be
used. :

When the lower limit of calibration is below 20 % of the scale maximum,
additional forces may be applied below 20 % of the scale maximum down to
and including the lower limit of calibration. Working downwards from 20
% of the scale maximum, consecutive forces shall not differ by more than 6
% of the scale maximum.

Multi-range materials testing machines Each range shall be verified as
described in B4.2.2.

Materials testing machines with auto ranging digital indicators A series of
at least five approximately equi-spaced forces, upwards from 20 % of the
maximum reading of the digital indicator shall be applied. At least one
additional force for each 6 % of the maximum reading, working downwards
from the 20 % point to the lower limit of calibration (see B4.2.3) shall be
applied. At least two forces shall be verified on each part of the range where
the increment of count does not change.

Application of test forces

B.4.3.1

Procedure Tor each range, the series of forces in ascending order shall be
applied and each series repeated to give three series of such forces. The
force shall be completely removed after each series of applications. The
zero reading shall be recorded not less than 30 s and not more than 2 min
after removing the force.

The reading of the force indicator shall be zeroed after removing the force
with the machirie in the same mechanical condition, as it was in before
applying the series of forces.

If necessary, the force indicator shall be reset to zero at the commencement
of each series of readings but a correction to readings already taken shall not
be applied.
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NOTE. Insome testing machines difficulty may be experienced in maintaining a
steady force; in such circumstances measurements may then be made
under conditions of slowly increasing force.

B.43.2 Maximum-reading facility 'When the force indicator is fitted with a
maximum-reading facility which could introduce friction, e.g.: a pointer-
arresting mechanism or slave pointer, one of the series of forces with the
facility in operation for each range of the machine shall be applied, The
reading of the force indicator shall be zeroed with the facility disengaged.

BA.3.3  Force indication by hydraulic pressure: for machines employing a
hydraulic ram and a method of force measurement derived from the
hydraulic pressure, the series of forces shall be applied three times with the
ram, where possible, in the normal working position,

Calculation of results

At each nominal force, the repeatability and error from the results of all the applications of
forces shall be calculated and expressed as a percentage of the nominal force.

The error of zero force for each series of forces shall be calculated and expressed as a
percentage of the maximum force of the machine range.

The forces indicated by the materials testing machine shall not be corrected for the error of
zero force.

Classes

B.6.1

B.6.2

Single range machines

At least five consecutive forces, from the maximum to be verified downwards, shall
not exceed the values given in Table 1 for a specific class.

The class shall cease to apply below the last force that conforms to these
requirements.

It is possible for a range to be given more than one class, but for each such category,
all forces from the maximum downwards shall be considered. Thus a more exacting
class shall not be introduced to cover some intermediate part of the range.
Multi-range machines

Each range shall be a category according to B.6.1.

NOTE.  The resolution and hence the lower limit of calibration, may change when
a new range is selected.

A machine with an auto-ranging digital indicator, (i.e. an indicator where the
increment of count of the indicated force changes automatically at given points

‘between zero and the maximum reading), shall be categorized as a single-range
machine as described in B.6.1. However, a class can only apply if, throughout the

range category, the ratio of the indicated force to the increment of count at that force
is not less than the following values:
67 for class 3 machine;
100 for class 2 machine;
200 for class 1 machine.
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Class certificate

When a materials testing machine has been categorised and calibrated in accordance
with this annex, a certificate shall be issued stating the following:

a)

b)

<)
dy

€)
f)

g

the identity and location of the materials testing machine and the date of
calibration;

the resolution, class, mode and range of forces on each force-measuring
system calibrated;

where appropriate, any force-measuring systems that were not calibrated;
the method of calibration used and the identity, class and date of the
certificate of grading of the calibration equipment used;

whether or not a maximum-reading facility was used;

the average temperature of the calibration equipment at the time of
calibration;

where appropriate, the type of chart paper used during the calibration and an
accurate measurement of the width of the paper,






Appendix 2 Suggestions to the Additional
Eccentricity Test

s After the strain-cylinder test according to ptEN 12390, place the strain-cylinder back
to the central position (zero eccentric position). Without further adjustment of the
upper machine platen, operate the machine to bring the strain-cylinder into contact
with it and apply the force smoothly to a nominal force of 200 kN and record the
outputs of the four bridges.

e Repeat these readings with the strain-cylinder displaced by 2 + 0.05 mm and 4 + 0.05
mm from the central position, respectively, firstly along AC towards A, secondly
along AC towards C, thirdly along BD towards B and finally along BD towards D.

¢ Regress the measured data according to the equation ;= ax + b, where r is the strain
ratio; the subscript i is defined in Table A2.1 and x is the eccentric position, see Table
A2.1.

e The eccentricity of each bridge is equal to -b/a. The mean value of the bridges 1 and 2
represents the real centre along AC and the mean value of the bridges 3 and 4
represents the real centre along BD.

Table A2.1. List of the measured data for regression.

X, mim Measured strain e, Mean g, Strain ratio #,
-6 €1a6 €ia6 €1n6 € | Cmas €mbe Fia6 Faag ¥ips ¥4pe
-4 €144 €aa4 a4 €ps | Cmad €mp4 Pias | Taaa LET:Y V4na
-2 €Az €3p2 €3p2 €m2 | Cmaz €mn2 ATy Fapa Tapa Fans
0 €10 €0 €30 €10 €m0 €m0 1o 0 0 Fao
2 €ica2 €acs €in2 | €2 | Cme2 €mb2 Fiea rzcz. Fim L)
4 €ic4 €3c4 €304 €pa | Cmes €mb4 Fiew Faca Fapg Fapg
6 €ice €3c6 &3ns 6 | Cmes €D Fics Face F3ps Faps

Definition of the subscript i:

The first number represents the positions of the bridges, the second letter represents the
direction in which the strain-cylinder is displaced, and the third number represents the
displacement in mm. For example, e;p,, means the measured strain of the bridge 3 along
BD towards D at the displacement 4 mm from the central position.






