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It is interesting that modern literature on elastomer testing contains little on the origins and
background of the important basic test types, such as tensile testing, hot-air aging,
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compression set or hardness testing. How have the respective methods developed? Why did
one method prevail and why did the other one fall into oblivion?

Dealing with the history of technical test procedures is not only interesting, it also serves in
today's testing, granting better and deeper understanding as well as better implementation of
already long established test procedures. The following article is intended to make a small
contribution in this direction for perhaps the most popular test method in the rubber industry,
the Shore A hardness test.

1915 is considered the official year of introduction of the Shore A test method. This article is
published in celebration of this 100th anniversary; it includes the following topics: general
history of hardness testing of materials, special features of hardness testing of polymers,
different principles of hardness measurement on elastomers, introduction to the formerly
important distinction between hardness and softness, 2015: 100 years of Shore A hardness
testers and presentation of their further developments, explanation of the mode of operation
of the early Shore A durometers, advantages, disadvantages, and criticisms of the test method,
presentation of important international standards on Shore A hardness, comparability with
other hardness test methods and conclusion of the series with recommendations for today's
test practice.

1. The History of Hardness Testing

In ancient times, the concept of hardness is known as a property of materials. The term
"durometer"”, which is commonly used in English for Shore A hardness testers, contains the
Latin "durus" (= hard), a device for measuring hardness.

In order to ensure the function of iron products, hardness testing has always been of interest.
Toward the end of the Middle Ages, mineralogy gave a real boost to hardness testing. The so-
called scratch hardness scale by Friedrich Mohs (1773-1839), which was based on the
experience that hard materials scratch softer ones, is particularly worth mentioning here. Mohs
assembled 10 minerals in an ascending order of increasing hardness. The Mohs' hardness is
determined by looking for the two adjacent reference materials that only scratch or no longer
scratch the body to be examined.

With industrialization in the 19th century, the demand for hardness testing methods for metals
became increasingly stronger. They were important to ensure a consistent quality. After 1870,
the first dynamic hardness testing methods were developed. Uchatius dropped a chisel from a
defined height onto a metal.?

In 1900 the Swede Johan August Brinell (1849-1925) presented the Ball Impression Test
named after him at the Paris World Exhibition. A ball is pressed into the material and the
measured diameter is used to calculate the indentation surface. The Brinell hardness is then
the ratio of the test force applied to the permanent indentation surface.

Around 1905° Martens (1850-1914) developed the so-called indentation principle. Not only
was the impression of a test ball measured, but the penetration depth and test force were also
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recorded simultaneously. This method allowed more conclusions to be drawn about the
material than just its plastic behavior.

The name Albert Shore first appeared to a wider public in 1907. In the same year, the "Shore
Scleroscope" (Fig.1 and 2) was introduced (which was developed in 1906* and patented in
1910). A hammer with a diamond tip was dropped on the workpiece to be tested. The hardness
could be classified by the rebound height.

4 : I - "o «
Fig. 1: Presentation of a Shore scleroscope Fig. 2: A Shore scleroscope with a vertical scale
with a vertical scale from an early company from 1910 shown in a book by Albert F. Shore

brochure of "The Shore Instrument & Mfg. Co. regarding his scleroscope.® A worker determines

Inc."> A worker determines the hardness of a the hardness of a bullet.

metal shaft.
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Despite the fact that this was a pure metal test instrument, it already has some very practice-
oriented properties which were later also used in the Shore durometer to determine the
elastomer hardness.

The hardness scale of the scleroscope was divided into 100 degrees of hardness, where the
value 100 stood for a martensitic carbon-rich steel, so, as in the Shore A elastomer test, the
number 100 represented the hardest value. The scleroscope was portable, relatively
inexpensive compared to other hardness testers and could be easily operated by a semi-skilled
worker.” Moreover, this test method was many times faster than comparable hardness test
methods at the time, and specimens of any size could be tested.® All these properties also
characterized the first Shore A hardness testers for elastomers.

2. The Proportion of Plastic and Elastic Components of a Material

If indentation tests are carried out to determine the hardness, three different cases can be
distinguished:

"Either elastic deformations predominantly occur under the selected conditions of the single-
point test or the permanent deformations are predominant, however, the elastic deformations
are negligible. The third case is the simultaneous occurrence of elastic and plastic deformation
of similar magnitude".®

The first case is typical for elastomers. The decisive factor for determining hardness is the
elastic restoring force. Therefore, there is a strong dependence between elastic characteristic
values and hardness values. Since the indenter usually leaves a hardly visible impression
when measuring Shore hardness, the deformation path must be measured under load. The
hardness of an elastomer is strongly influenced by the rubber compound, especially by the
fillers, their density, and the cross-linking system. Elastomers do not have a linear stress-strain
diagram in the tensile test, which means that there is no clear E-modulus as with metals. The
modulus of elasticity of rubber changes with increasing elongation.

The second case, in which the plastic deformation is significantly higher than the elastic
deformation, usually occurs with metals. "Here, the resulting deformation can be measured
after the load has been removed. It is well known that there is a certain relationship between
this hardness and the tensile strength of iron. Of course, such a correlation cannot be expected
if the indentation test essentially covers the elastic area, as it is the case with rubber".1° In the
field of metallic materials, a very clear distinction is also made between hardness and rigidity.
"In the case of metals, the term hardness is obviously associated with the plastic property. The
term of rigidity, on the other hand, describes the elastic behavior of the material. In engineering,
the modulus of elasticity E is used as the physical measure for rigidity and the technical
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[dimensionless] measures are introduced for hardness™! (e.g. hardness according to
Rockwell, Brinell etc.).

The third case, a relatively balanced ratio of elastic and plastic components, usually occurs
with plastics. Understandably, this makes the definition and determination of hardness difficult.
For this reason, both hardness test methods exist side by side when testing plastics, as in the
rubber industry (measurement of the penetration depth) and in the metal industry
(measurement of the impression after removal of the force).

3. Different Principles of Hardness Measurement on Elastomers

The well-known bon mot of metal material testers: "When we measure hardness, we always
leave a good impression”, does not apply to rubber materials.

"With elastomers, it is not possible to measure permanent deformation after removal of an
indenter, as is the case with metals. The extremely high elasticity of rubber, i.e. its spontaneous
re-deformation after loading, is probably one of the most important properties of this material."*2
Nevertheless, an attempt was made in the 1940s to develop a standardized indentation test
method for various materials (metals, elastomers, plastics). In 1940 KUNTZE recommends the
following in the trade journal "Kautschuk" (rubber):** A "tester in which the indenter is a pyramid
and in which the spring has been calibrated to pressure in grams to give a reading representing
the indentation resistance in kg/mm2.it* However, such attempts of a standardization could not
be established.

At the turn of the last century, two important different principles for measuring the hardness of
elastomers were developed, which were improved and refined over the decades and are still
used today:

3.1 Hardness Testers with a Load Weight

The indenter is usually preloaded with a small weight to ensure contact with the specimen.
Then, the actual load weight is added. The hardness value is read off after a specified test
period (today, usually longer than with spring-loaded devices). With this principle, the hardness
value consists of the penetration of the indenter due to plastic flow and a second part caused
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by elastic deformation. The test devices activated by spring force presented in the following
more or less represent only the elastic indentation.®

In the middle of the 20th century, there was a large number of test instruments working
according to this principle (e.g. GB: Wallace Gauge, R.A.B.R.M. Pattern Gauge, Admirality
Rubber Meter, USA: Tinius Olsen Gauge, D: DVM softness tester from L.Schopper in Leipzig
(see Fig. 3), Zwick "Zet 8", F: Lhomme & Argy). Today, the IRHD method with all its sub-
variants (e.g. micro-hardness) has established itself in everyday testing. Only special
industries still use special test methods, so the Pusey & Jones Plastometer is used to
determine the hardness of rubber rolls in the paper industry.

Fig. 3: A DVM softness tester with load weight (1kg, above
the display scale) by Louis Schopper, Leipzig, at 194016 - a
forerunner of today's IRHD test equipment.

3.2 Hardness Testers with Spring Force (Short: Spring Pressure Testers)

The test force is transferred to the indenter by means of a spring.

Albert Shore's durometer is undoubtedly the most prominent instrument here. However, there
were also variants of other manufacturers, partly with other indenters as used by Shore (e.g.
GB: Wallace Pocket Meter, USA: Adams Densimeter, Firestone Penetrometer, Rex Gauge,
Dunlop Hardness Gauge).

3.3 Other Alternative Hardness Testing Methods for Elastomers
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In older literature, the third method is mentioned as the so-called "Herbert Pendulum"*’. This
hardness testing method is not based on the penetration principle, but is usually used to
measure the influence of the hardness of a material on the oscillation time of a moving
pendulum. The pendulum is mounted with a hemisphere on the material to be tested, brought
into a pre-defined initial position and then released. The system dates back to the 1920s, but
has not become widely accepted in the elastomer industry, as SCOTT already noted*® in 1955.
Today, this method is occasionally used with modifications in the hardness testing of metals?®.

Another interesting approach to hardness measurement was patented® in 1949 by BUIST and
KENNEDY, employees of the British ICI. Their invention describes an apparatus that allows
an indenter to intrude a predetermined distance into the specimen by measuring the force
required with the aid of a hydraulic system. The force applied is then a measure of the hardness
of the material. Such a kind of testing device was also only intended as a table-top device. It
was not the load weight that was kept constant as before, but the penetration distance of the
indenter. JUVE notes that this device can also be used to measure extremely soft elastomers
without encountering the effect of a limited penetration distance.?*

With the classic hardness testers (spring principle or constant load weight), the hard steel base
falsifies the result more strongly when measuring soft elastomers than when measuring hard
elastomers with test specimens of the same height. This invention by BUIST and KENNEDY
could greatly reduce this undesirable effect, which would then depend only on the specimen
thickness and no longer on the hardness itself.

In 1997 KUCJERSKII and KAPOROVSKII?? took up the idea of hardness measurement with
constant deformation again. With this method it is possible, according to their results, to make
more appropriate statements about the real stiffness of a material. However, this test method
could by no means replace the established hardness test methods in the elastomer industry.

The Shore scleroscope described above is a dynamic hardness testing method for metals,
whereby the equivalent in the rubber area would be the rebound elasticity test. However, this
method is not used here to determine the hardness, since e.g. elastomers of the same Shore
hardness can have very different rebound elasticities. The rebound elasticity of elastomers
allows a conclusion to be drawn about the hysteresis loss under sudden stress. It is, therefore,
primarily a measure of the purely elastic behavior of the material, while the hardness test
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methods commonly used today also cover the plastic components of an elastomer. (Effect of
the decrease in hardness with longer test times).

There are also correlations between hardness and abrasion resistance for certain materials.
However, due to the many variables involved in abrasion testing (surface, test speed, friction-
lubrication ratio, etc.), it is not useful to determine the hardness of a material using such a
method.?®

Other hardness testing methods, such as hardness testing by scribing or cutting, are not used
for elastomers. Due to the elastic recovery of this type of material, such defined injuries are
difficult or non-reproducible to measure. In addition, the cutting and scribing properties of an
elastomer are also more or less strongly influenced by the fillers.

4. Hardness vs. Softness

Until the 1950s in Germany, the term "softness" was propagated and used in parallel with the
term hardness. However, the term "softness" has disappeared from testing practice today, but
is worthwhile to deal with the interesting train of thought behind it, since it can contribute to a
deeper understanding of hardness testing.

The DIN DVM standard?* for hardness testing with a load weight, published in June 1938,
reads "Testing rubber - Determining the softness of soft rubber".

SPATH defines it as follows in 1940: "The softness of a material is... the resilience which the
test specimen shows when another (harder) [= indenter] penetrates... At first glance, it may
seem strange to speak of the softness of a material instead of hardness. After all, today's
language uses the property words "soft" and "hard" in a completely equivalent sense. One can
say that material A is harder than material B or that material B is softer than material A.
However, this complete equality of the two expressions "hard" and "soft" was not followed by
language creation in the formation of corresponding nouns. One speaks only of hardness, and
this term has also been generally used in scientific considerations; therefore, one does not
speak of the inverse value, i.e. the softness. This one-sided development is actually very
surprising because the word "soft" should have been formed from the daily handling of the
materials instead. Sensual perception primarily refers to the size of the deformation that can
be achieved by external influences, i.e. to the softness and not to the hardnessii?®

With the DVM softness tester the result was given in 1/100mm penetration depth of the
indenter (sphere @ = 10mm) with a load of 1000g (+ 50g preload) after 10 seconds. This means
that with a soft material a large penetration depth was obtained, and, therefore, a high result
value.?® This result value was called "softness number", which could also be greater than 100.
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In ShA hardness measurement, it is exactly the other way round: A soft material results in a
low measured value. A ShA hardness of 40 corresponded approximately to a DVM softness
number of 90.%” In this respect, this different designation made sense because the same
material now had a high hardness value (according to ShA) or a low softness number
(according to DIN-DVM 3503, June 1938).

Presumably, this distinction of concepts and thinking in inversions has led to confusion in
everyday professional life, despite its accuracy. In the IRHD method, for example, the
penetration depth was converted to a scale from 0 to 100 with 100 representing the hardest
value as it is in the ShA method.

5. Introduction of the Durometer (Type "A") 100 Years Ago and Further
Developments in the Early Phase

19152 is considered the official year of the introduction of the Type A durometer by Albert
Ferdinand Shore.

Interesting Bulletin Free Upon request

THE SHORE INSTRUMENT & MFG. CO., INC.
JAMAICA, NEW YORK, N.Y.

Fig. 4: From an early advertising brochure , the Bulletin R42°
5.1 Early US Patents on Pocket Testers for Elastomers

However, a very similar invention could be proven by patent searches. William F. Shore had
already applied for a patent in 1911 and patented it on 29 October 1912 under the number
1,042,721. William was probably Albert's brother.2° This document presents a pocket-sized
round hardness tester that anticipates many of the features of the later round durometer
("round style"). The patent drawing (Fig. 5) even shows the truncated cone indenter and the
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use of a more pointed indenter for harder materials is suggested. The hardness scale already
goes from 0 to 100, but the movement of the pointer is from 100 to 0. The most significant
difference to the durometer introduced in 1915 is the use of a helical compression spring
instead of the leaf springs that were later used. This invention was especially designed for
testing rubber, as described at the beginning of the patent. In addition, it was already
recognized that not only the hardness but also other properties of the material could be
measured, such as resilience and elasticity.

- Fgd. Fig. Z.

9. B
|
6 ‘ 25
263
Pd___b :
/o —HRYIS

s o, 3

SN
i,

Fig. 5: Drawing from US patent 1,042,721 ("Gage") dated 29.10.1912 by William F. Shore: The
hardness tester shown here already shows many properties of the later round durometers: Round
scale from 0 to 100 divided into single steps (25), Indenter as truncated cone (22), widened foot for
plane-parallel positioning (17), press force of the Indenter spring activated (23)

Why the introduction of the "quadrant type"*' durometer (see chapter 5.3) with a much more
inaccurate reading scale occurred in 1915 cannot be explained anymore today. Perhaps Albert
wanted to circumvent his brother's patent. When the round durometer was introduced in 1944,
it had already expired.

However, after reviewing this document, it becomes difficult to describe Albert F. Shore as the
sole inventor of the Shore durometer.

The "quadrant type" and the round durometer were very popular. By 1957, 15,000 "quadrant
type" durometers and 9,000 round durometers had already been sold, of which 80 or 90%
were still in use® in 1957, depending on the type. This high degree of utilization also indicates
the good and robust quality of the instruments.

3'0ccasionally, the term "qguadrant deavnigcuea'g ec asnp ebcei afloiusntd liint eh
H NDLER, F. und KHA®f NRADHMi tRe ou hliR® rStheo,r eLect ure Conference o
Rubber S@&ciOettywybed es596Beirhi W, p. 16

2JUVE, A.E.: Recent Developments in HardnesRBubbstiobeimnstAm
and technol ogy, Lancaster, Pa, Hef t 2, 1957, S. 367
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In the period that followed, devices were developed for softer and harder materials, whereby
the hardness and, partly, the contact force increase with the letter ascending in the alphabet
(e.g. Shore D for plastics, see Fig. 6). This article deals only with the most widely used type.
"A". Albert F. and William F. Shore jointly applied for a patent in 1924 for various indenter
geometries and finally it was patented in 1930 (US1,768,639).

Fig. 6: Drawing from US
patent 1,768,139 ("Gauge")
77 7z, 7-'_ y i dated 01.07.1930 by Albert
/?:5" %’94 %"5 F. and William F. Shore: In

Vi ' 77 addition to the patenting of a

u ' ‘ hardness tester of the round

' ‘ type, the adjacent indenter
types were also shown in the
patent drawing.

& &

5.2 Albert Ferdinand Shore - His Life and Environment

Albert Ferdinand Shore was born in 1876 and died in
1936. He was the founder of the company "The Shore
Instrument & Mfg. Co. Inc.", which was based in
Jamaica, New York. Shore's son, Fred, continued the
business after his father's death.*

Albert Shore has published very little. A book about the
scleroscope®* (although his sole authorship is not clear)
and an essay in a conference transcript of a "Regional
Meeting" of ASTM in Cleveland® has been preserved.
On the other hand, over 30 patents of Albert F. Shore
and Albert Ferdinand Shore from New York in the
period from 1899 to 1934 (both priority dates) can be
proven. The last publication of a patent with him as
inventor took place in 1936. %

ALty TS v

3¥Vvgl. GARRATT, Alan F.: The History #ahdnQititgh ticdugdofarrettheer Dur
history.b(Zduoggpbtfdaiuf Webseite am 21.07.2015)

3SHORE, A | TineeShdre sEleroscope for measuring hardness of metals, Shome tir umen€o &, mNgw
York,, 1®840Seiten, il lustriert

Buch digitalisiéerttt pordl/ibmédeverhfagdbar:ust. org/cgil/pt?id=hvd. 3
BSSHORRBR) bert, F.: Di scussion on Shock and Vibration Proper
MATERI ALS (Hrsg.): Symposium on Rubber held at Clewveland R
97

36 Since the signatures of the inventor on the patent drawings are very similar, it can be assumed that all patents
under the name Albert (Ferdinand) Shore are the same inventor. In addition, all priority data fall within his active

working life.
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Fig. 7: Albert Ferdinand Shore (1876 -

1936), inventor of the Shore A

durometer 37 38
Albert Ferdinand Shore seems to have been a technically interested and educated person. In
addition to patents for hardness testers, there are also patents for optical problems (e.g.
US1590448: 1926-06-29: Photographic camera and lens), for areas in vehicle construction
(e.g. US1054992: 1913-03-04: Locomotive driving wheel or US1520483: 1924-12-23: Spring
support for vehicles) and military technology (e.g. US1089161: 1914-03-03: Projectiles). In one
patent each of Albert F. Shore appears an additional Charles P. Shore and a William F. Shore,
who also belonged to his family and were presumably his brothers.3®

5.3 Products from the First Decades of Shore Instruments Mfg.&Co., Introduction of the
Round Durometer in 1944

The oldest company brochures to be found in public libraries today are from the 1930s. In the
form of publications, there were partly scientific professional articles, such as, the "Bulletin R-
4", as well as advertised products. The following pictures (Figs. 8-10) are taken from such
"bulletins”.

Fig. 8: An early ShA hardness tester ("quadrant
type") from "The Shore Instrument & Mfg. Co. Inc.",
about 193540

" Quell e der Fotografie: GARRATT, fAltame FDur ofrheet eHi, s toonrlyi nan d

http: /diugstbanled et ory. bl ogspot. de/

%The signature Albert F. -PSaltcernets 1wars7 Ot, Hkdeén dfarteerd: JWS y 08, 1
Measuring the Hardness of Materials, I nventors: Albert F. &
¥E-Mail of 01/12/ 2015 frr oo Mmmeamc iGalr rReittect(droranfe Bri ti sh Hamy
personally knew the | asil9@&6eM%ebr)alo fMarh@RE Mfagp.pr@®ox.., Bill Gal
°“The Shaoséerument &: MBgl |:€tdlihnel RMu.r omet er 28 dae nd etr mmdti em all

standard of measurement for hardnped&ls YandJ ahRaesprdidnjtt $p edrfmirsushi
of the photograph courtesy of the Hagley Museum and Librar)
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Fig. 9: Soon the problem of the large
operator influence during the ShA test was
recognized. In order to reduce this
influencing factor, a stand was offered as
early as 1935.41

Not quite 30 years after the introduction of the first ShA hardness tester, in 1944, "The Shore
Instrument & MFG Co." released a round tester with a much more accurate reading scale.

PRICE

T, COMPLETE Fig. 10: Presentation of the round Shore A measuring
e instrument of Shore Instrument &MFG Co., Jamaica, N.Y.
with stand (introduced 1944). It received the designation "A2-
Durometer".#2 With the rotary knob on the right above the
durometer, it could be moved up or down. At the beginning
of the 1950s, a stand from ZWICK & Co KG was already
available, which pressed the durometer against the sample

“4Ebd., S.1 (Reprint permission of the photograph courtesy ¢
“2The Shore Instrument & MDgroGetern¢dadoPuledetliod4R6: JAMai ca
(Reprint permission off tthtee pHhaog logy aMihs ewm rda red yLiobr ar vy, USA)
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with the aid of a load weight. This led to a better repeatability
of the contact force for different operators. 43

“Vgl. SODEN, A. L. A Practical Manual of Rubber Hardness
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RUMENT
CO.
V¥ YORK

Fig. 11: A later example of a Shore D
handheld tester ("quadrant type") with
leather case, (permission to reproduce
courtesy of "Toronto Surplus &
Scientific", Canada)

In 1995, after several changes of ownership, INSTRON acquired the company, including the
rights for the designation "Shore Durometer".** However, Instron no longer manufactures
durometers and the website www.shoreinstruments.com is no longer active.

5.4 The Production of ShA Pocket Testers in Germany

Quite soon Shore hardness testers were also manufactured in Germany in great variety. In
1942 KLUCKOW® already described three Shore hardness testers from German production,
which are shown in Fig. 12-14. All devices are still variations of the original "quadrant type"
style of the US-American company Shore. The outer dimensions correspond approximately to
a quarter circle. It is also evident that the reading scale is divided into steps of 5 ShA degrees
of hardness. It can be assumed that the £5 ShA tolerance that is still common today for the
indication of hardness values can still be traced back to this rough division of the initial time.
Although, today many elastomer products can also be produced in a hardness window of +3
ShA.

0605040302

1
%iiiji\E%yLiflég//i/? 0

nach Shore A

O stHoPgp O

4

Fabr.Nr 1012

LOUIS SCHOPPER
LEIPZIG

Fig. 12: Schematic drawing of a Shore A hardness tester by Louis

S0 Schopper, Leipzig, ca. 194046
“4Vgl. GARRATT, Alan F.: The History and Qritgi dddusdoforrettheer Du r
history. bWedbspdte. aec/cessed 21.07.2015
BSKLUCKOWH?2 Pt epr¢fung von Weichgummi in: Kautschuk, 18.Jg.,
CEbd. , S. 82
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Fig. 13: Schematic drawing of a Shore A
hardness tester of the Gesellschaft fir
Feinmechanik m.b.H., Mannheim, around
194047, A very similar device in this square.
Form was also available from "Otto Wolpert-

N : — Werke G.m.b.H. Ludwigshafen a.Rh." 48 around
U 1950.

40 50 60

: 0 0
Davadydee
Vbl e ey
D \\—\ N Kommandligesé,é%é

T Uim- Einsingen

Fig. 14: Schematic drawing of a Shore A
hardness tester of Zwick u.Co. Kommandit-
gesellschaft, UlIm-Einsingen, around 19404°

After 1945, pocket testers were continued to be manufactured which still had the classic 5ShA
classification. Fig. 15 shows a handheld tester from the company Karl Frank, which is strongly
reminiscent of the Schopper tester from the 1940s. After the Second World War, the company
Louis Schopper merged in East Germany into the "VEB Werkstoffprifmaschinen Leipzig".>°

“Ebd. , S. 82
“MAU, K.:PAagxidedes Gummi fachwerkers, Berliner Union, Stut:t
OYKLUCKOWH?2 Pt epr¢fung von Weichgummi in: Kautschuk, 18.Jg.,
Ohttp: / / www. wer ks tlcefifppri ue fdrfaWechiBiTntdet mliccessed on 22.09.2015)
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Fig. 15: ShA hardness tester from Karl Fig. 16: An early pocket tester HP from Bareiss, still
Frank, Weinheim Birkenau, Germany, very similar to the original "quadrant style" of an A.F.
195551 Shore. (Photo: Bareiss Prifgeratebau GmbH,

www.bareiss.de)

Later, round durometer pocket testers (Fig. 17) were also manufactured in Germany, among
others by the company Bareiss from Oberdischingen, which was founded in 1954.

Bareiss
7931 Oberdischingen

Germany

Fig. 17: A historical round pocket tester HP from
Bareiss, already with a division of the degrees of
hardness into single steps (Photo: Bareiss Priifgerate-
bau GmbH, www.bareiss.de)

SIFRANK, K. (Hrsg.): Pr¢fungsbuch fgégr Kautschuk und Kunst st
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