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Some Notes on the Pull-Off Test

Richard A. Bares, Jirf Wolf

Purpose and Essence of the Pull-Off Test ' !

By way of introduction permit me to repeat something all of you certainly know, but what can be useful for my
further notes.

The purpose of the pull-off (also pull-out, tear-off) test - as it is called characteristically in almost all language
- is the ascertainment of the weakest spot of surfacing layers (both in the laboratory and on the site),
specifically

e the strength of individual layers and/or the substrate above the core (or, to be exact, above the lower
core face),

¢ the bond of individual layers above the core, both among themselves and with the substrate.

The essence of the test consists in the determination of the magnitude of the tensile force, applied
perpendicularly to the tested surface and uniformly distributed about the surface of the adhesive-fastened test
disc, necessary to pull off the individual layers of the system from one another (adhesive strength) or to
produce the rupture of some part of the system incl. the substrate (cohesive strength). The test provides
objectively these characteristics of the system up to the height corresponding with the core depth.
Consequently, the test can determine the strength of the substrate (or the adequacy of its preparation for
subsequent applications), the strength of individual applied layers and their mutual bond, provided a few
fundamental rules have been observed consistently.

Test Progress

A core is drilled by a core drill of the same diameter as the intended test disc at specified spots to a depth of
at least 5 mm below the first bonded layer (except for steel substrates). If wet drilling is used (which is
recommended), the surface and the core are dried thoroughly. The testing disc is fastened with a suitable
adhesive on the top of the dried and cleaned core surface. After the adhesive has hardened the loading unit
of the tester is connected and an electronic measuring, display, possibly control unit is connected to the latter.
Mechanical measurement using a dial indicator, for instance, is inaccurate and hardly applicable at present.
The load is applied either manually or electrically (hydraulic loading is also possible, but impractical)
continuously at a prescribed velocity until the rupture, as a rule. A detailed record of the progress of the test
incl. the type of failure (adhesion, cohesion, combined) is kept.

A Few Words on Regulations

Pull-off tests are prescribed or recommended by number standards and other regulations concerning various
fields (flooring, facing, insulations, plasters, paint coats, etc.). Unfortunately the provisions of these regulations
are greatly varied and comprise a number of provisions lacking any objective, rational, technical or scientific
basis. Very often the provisions are based on customs or the subjective feeling of the standardized, frequently
on uncritical acceptance of the provisions of not always perfect foreign standards, sometimes even with an
obvious ignorance of the problem. Our practice has shown that most experimentalists have only a very
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superficial knowledge of the principles of the test and observe (most probably because of that fact)
painstakingly the prescribed provisions to the letter. Permit us to demonstrate it in more concrete terms on the
state in the Czech Republic (nine different standards, incl. two European ones), which, naturally, we know
best. However, a quick look at the standards and regulations of other countries, incl. the EU standards, will tell
you that similar situation is - it is said to be - the same everywhere. In some regulations various important,
even the most fundamental provisions are missing or differ fundamentally, other provisions can be
characterized as archaic, no longer required at present and uselessly constraining the experimentalist.

What are also those provisions, which should not be missing in any pull-off test regulations?

A correct test evaluation requires an accurately defined area to which the test load is applied. Therefore, it is
essential that for the test the core of the same diameter as the test disc used and the necessary depth below
the last contact joint of adhesive character have been prescribed. Such core cannot be made by "off-hand"
drilling and necessitates adequate special equipment. This fundamental condition, for instance, is not included
in any of the above-mentioned Czech standards.

The disc area is selected in most standards at random, according to intuition or custom, without any relevant
argument or technical substantiation or justification. For instance, in the afore mentioned nine standards there
are 8 different diameters, even strictly prescribed. The disc diameter should be based on a certain logical and
meaningful series and on the same general principles. According to the tested material and expected pull-off
strength value it would be sufficient to prescribe only the limits or perhaps only the lower limit of the disc
diameter. The disc diameter should be at least three times as large as the biggest particle size if the tested
non-homogeneous material and above all as large as to make the expected strength at failure exceed at least
one fifth of the force range of the apparatus used. Square and even rectangular discs should be admitted only
exceptionally as non-standard equipment for roughly informative or preliminary tests.

The most important characteristic of test discs is not only their diameter (with the afore mentioned
reservations), but also their stiffness, which must guarantee that the disc will not deform excessively and so
cause non-uniform load distribution about its surface. It is the very regular distribution of the load about the
whole disc area that is the necessary prerequisite for objective test result. Some standards define disc
thickness (either by absolute figures or in relation to its diameter); some mention (though very vaguely) the
disc material. Not one, however, seems to be bothered with the disc stiffness, which depends not only on the
modulus of elasticity of the material of which it has been made (linearly) and its thickness (in third power), but
also on the general arrangement of force transmission (cross section changes, the thickening ratio connected
therewith, ribs, etc.). This gives rise to such absurdities in the standards as the determination of disc thickness
(without any description of its cross section), but not of the material of which the disc should be made. Some
standard is content (if it mentions the material at all) with the term "metal” - whether steel, aluminum or lead is
left at the experimentalist's discretion. It seems reasonable to leave also the duty to deliver the discs of
sufficient stiffness to the test equipment manufacturer. After all, the detailed mathematical analyses of circular
plate deformations under regularly distributed load and "bearing" rigidly in a certain part of its surface about its
center (determined by the arrangement of haunches around the connecting grip), made by the authors, have
shown explicitly that the frequent requirement of disc thickness amounting to one fifth of its diameter is
excessive in most cases and is based probably on the analysis of the circular plate point-supported in its
center under regularly distributed load.

The surface of the disc must be treated adequately so as to assure perfect adhesion; the adhesive must be
chemically inert to the tested surface and must not change physically the tested material (e.g. by in-depth
penetration). However, this aspect does not interest any of the above-mentioned standards.

The disc must be provided, naturally, with adequate grip enabling its connection to the testing apparatus. ltis
an anachronism, if the standard prescribes how such grip should be designed, instead of prescribing
maximally its function.

All this shows that the provisions of the standards on pull-off tests should be maximally unified regardless of
the field of application with the understanding that the regulations should comprise

e the duty to drill to adequate depth (which may, but need not be prescribed and will be different for
various materials and systems),

¢ the admission of circular discs only for objective tests,

e the prescription of the size of circular discs (differing according to the type of material and system
and/or their strength, and only in the series of 25, 50, 75, 100, 125, 150 mm) and the specification of
the minimum permitted disc diameter. (The use of larger discs is advantageous in all cases; the
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obtained results are more accurate; decisive is the capacity of the loading apparatus used),

e the conditions for sufficient disc stiffness to exclude the possibility of the test result being influenced by
disc deformation. (This parameter should be guaranteed by the test apparatus manufacturer for certain
loads),

e the provision that the discs must be provided with an adequate grip for the connection to the testing
apparatus (without detailed specification which is left to the manufacturer's responsibility),

e the duty to provide the disc with adequate surface treatment to assure perfect adhesion to the tested
surface (once again without further specification, which depends on the type of tested material and
adhesive),

e the provision that the adhesive used must not impair chemically the surface to which the discs are
fastened nor penetrate material to which are discs clued and thus influence inadmissibly its mechanical
characteristics,

e the provision that square or rectangular discs may be used in exceptional cases only and ‘for

informative assessment only and that individual effort must be given to assure sufficient stiffness of
discs.

The authors of this paper have been concerned with the pull-off test problems for a considerable number of
years in the course of which they have succeeded in fathoming not only the technical essence of the test and
discovering all of its stumbling blocks, but also developing an integral series of sophisticated equipment for
the performance of these tests (COMTEST® OP apparatus series) which are - and not only in their own

. opinion - at the top of analogous commercial products (Fig. 1). The whole philosophy of design and
construction of COMTEST® OP apparatuses intends to make them:

light of weight and maximally operative,

simple to control and user-friendly,

provided with all necessary accessories,

adaptable and enabling mutual interchangeability of principal components,

capable of fulfilling all (or at least most) different requirements of dozens various standards and codes
in force all over the worlds.

The authors leave it at the users’ judgment, whether they have succeeded in putting their intention into
practice. A brief description of these apparatuses is presented here merely; in the vestibule there is possible
to make acquaintance with the apparatuses COMTEST® OP 1/X, COMTEST® OP 2/X and COMTEST® OP
3/X in kind. The next luxurious version of COMTEST® OP 4/X will be availabie shortly.

Fig. 1 The COMTEST® OP series of apparatuses for pull-off tests with various measuring units and various ways of tensile force
generation.

COMTEST® OP 1/X Apparatus
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The simplest apparatus COMTEST® OP 1/X (Figs. 2, 3) is built for standard tests with the discs of the most
frequently used diameter of 50 mm; the figure on the display shows directly the stress measured on this disc
in MPa. Its design, however, does not exclude the use of smaller or larger discs by means of simple adapters
(Fig. 4). The data on the display must be just multiplied by the adequate coefficient expressing the ratio of the
square of the dia. 50 mm to the square of the diameter of the discs used; for instance, in case of the use of a
dia. 100 mm disc the figure on the display is multiplied by the coefficient 2 500/10 000 = 0.25. That makes it
possible to measure with great accuracy also such low strength systems as waterproofing bands or their
adhesion to the substrate. Discs up to 150 mm in diameter can be used. In case of major strengths and the
use of larger discs the maximum applicable force of the standard apparatus (i.e. OP 1/7) might not be
sufficient; therefore apparatuses with five different force ranges X are delivered, i.e. 3, 7, 10, 15 and 25 kN.
The combination of disc size and force range enables the treatment of all cases occurring in technical practice
with equal accuracy.

The load may be applied either manually by rotating lever arms or by means of a gearbox operated manually
by a handle (Fig. 5). To assure the load increase at an adequate velocity, (100 m/sec., as a rule) the
measuring unit of the apparatus indicates by whistling, if this limit has been exceeded. During load
application, therefore, it is necessary to observe the prescribed limit or, in other words remain within the
"whistling - not whistling" zone.

The display provides also information on the status of the battery and cautions the user by flickering that the
maximum permissible force with regard to the linear characteristics of the measuring force stirrup has been
attained. The measuring unit may be set either to "permanent measurement” mode, when it measures even
after the force has dropped, or "recording the maximum load achieved" mode. Switching off and on zeroes the
display.

Fig. 2 The delivered test set with COMTEST® OP 1 pull-off apparatus.
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Fig. 3 The COMTEST® OP 1/X pull-off apparatus for dia. 50 mm discs provided with manual force generation.

Fig. 4 Set of discs of various diameters and their respective adapters.

Fig. 5 Gearbox for manual force generation by means of a handle.

COMTEST?® OP 2/X Apparatus
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The apparatus for repeated measurements, COMTEST® OP 2/X (Figs. 6, 7), makes use of the standard
loading unit and analogous two loading modes as the COMTEST® OP 1/X apparatus, but enables also the
use of an accumulator motor controlled (with microsecond feedback) by the sophisticated measuring and
control unit according to introduced programme. Apart from that the measuring unit enables the fulfillment of a
number of further functions, such as to select the disc of any shape and any area and to read on a multilinear
colour display the momentary stress on the disc as well as the magnitude of applied force; it is also possible
to observe, in numerical or graphic presentation, the agreement or disagreement of the actual with the
required load application velocity. The display shows also the possible exceeding of the maximum permissible
force for the given loading unit type, the battery status or interruption of the time base. After measurement
termination the display shows the minimum, maximum and mean load application velocity in the course of the
whole test together with the graphic presentation of the loading cycle, all input data as well as the date and
time of the test. The apparatus retains in its memory all above-mentioned data on one hundred executed
tests. All data can be printed either immediately after the test on a miniprinter or transmitted later into a
personal computer for further processing.

The apparatus is provided with an autonomous time base controlled by the DFC signal and communicates in
two languages and two unit systems - metric and imperial. So far it operates in English and in Czech, but the
software modification for any other language combination (such as English-German) or any other unit
combination is no problem.

This apparatus, too, is provided with ample accessories. Apart from adapters for discs of various sizes and
thicknesses another adapter enables the measurements also on inclined or vertical surfaces (Figs. 8, 9).

Fig. 6 The delivered test set with COMTEST® OP 2 pull-off apparatus.
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Fig. 7 COMTEST® OP 2/X pull-off apparatus provided with gearbox for manual force generation by means of a handle.

Fig. 8 Adapter for test performance on inclined or vertical surfaces.

Fig. 9 COMTEST® OP 2 pull-off apparatus ready for a test on a vertical surface.
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COMTESTe® OP 3/X Apparatus

The apparatus for repeated professional measurements, COMTEST®OP 3, has all components mentioned in
the preceding apparatus as standard equipment (Fig. 11) together with adapter in the form of an arresting
tripod enabling the loading unit alignment in position perpendicular to the tested surface on uneven surfaces
(Fig. 9), accumulator motor, miniprinter and others. The measuring unit (this time encased in an aluminum
housing) of contemporary design (Fig. 12) assures all functions as the measuring unit in the preceding case of
COMTEST® OP 2 apparatus (in plastic housing), but is ready to fulfill a number of further functions in the
prepared most luxurious version of COMTEST® OP 4 apparatus.

Apart from all possibilities and provision with the functions mentioned in case of COMTEST® OP 2/X and 3/X,
the prepared COMTEST® OP 4/X version provides a number of further possibilities and quantities which, in
the authors opinion, will satisfy even the most exacting user. To give a comprehensive view of the test the
apparatus will be provided with automatic measuring and, naturally, recording of ambient temperature and
humidity, and the measuring and recording of temperature, possibly humidity, of the tested surface in the
course of the test. It will enable also the measurements of the deformation of the tested surface and,
consequently, will provide a far more comprehensive look at the test result than hitherto possible, including
the post-peek behavior of the bond (brittleness, ductility, toughness), working (load-deformation) diagram, the
fracture energy achieved. All of the methods for adhesion tests including their disadvantages, e.g. WST
(Wedge-splitting test) method, are by this overcome.

Further, the measuring unit keyboard can be used for text record writing like that of the mobile phones
(recording e.g. the test progress, its location, etc.) or as a calculator with a built-in programme for statistical
processing of selected measurements whose number may attain 1000.

S

Fig. 10 Tripod for measurements on heavily uneven surfaces.
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Fig. 11 The delivered test set with the COMTEST® OP 3 pull-off apparatus.

Fig. 12 COMTEST® OP 3/X pull-off apparatus provided with an accumulator motor for force generation.

Conclusion

The authors have afforded great attention and care to the design and construction of new, unconventional
apparatuses for the determination of the pull-off strength to satisfy the most exacting criteria and requirements
of investors and experimentalists on the one hand and of the specialists of various professions and sectors
using these tests on the other hand. They have endeavoured to eliminate maximally the influence of human
factor, to make the results maximally accurate, the measurements maximally simple, user-friendly and
maximally comprehensive. To achieve this aim they have used all their long-term experience from theoretical
research and test practice. They believe (with an acceptable dose of immodesty) that their COMTEST® OP
apparatuses will afford the experimentalists the highest comfort possible and will become the top products in
their field. The assessment of this hypothesis, however, belongs exclusively to professional specialists. That
is also why the authors have presented this information to this prestigious conference.
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Syllabus

Some notes to pull-out tests
by Prof. Dr.—Ing. Richard A. Bares$ and Dipl—Ing. Jiri Wolf

There is no doubt concerning the pull-out tests necessity and meaningfulness in the field of
flooring systems not only industrial. The pull-out tests are used by lots of professions e.g.
plasterers, lacquerers, tilers, izolaters etc as a necessary evaluation parameter. I have counted
seven standards in the Czech republic /come of it two European/ concerns the pull-out tests
with absolutely different requirements. We could only seldom describe they have some
rational core and are well-founded by technical reasons. I am afraid the number of the
analogous standards will count by dozens. The effort concerning the unification of different
profession is true one of the possibilities how to solve a number of problems touching the
tests but it is unreal apparently. There are other prestigious reasons coming from the authors
of individual standards which could obstruct the rational access probably. Nevertheless there
is the second alternative to give so adaptable apparatus for pull-out strength measurement
which all different and various requirements of all divers standards could be able accept
without problems and some exacting arrangements. Just the experimental and measuring
equipment was developed by the authors, many times tested and it knows practically all what
the experimentalist has in his head. It is mobile, easy to control, it knows speak in the
different languages as well as use divers units, it is independent of the test disk diameters, it
memorizes all dates for 100 tests, it knows drive the rate of loading according to the choice, it
makes possible printing of measured results or replaces them in the PC for following data
processing, it knows test on horizontal as well as inclined or vertical surfaces, it does not
relate of unevenness or roughness of measured place etc. This sophisticated apparatus —
apparatus COMTEST OP we will oblige to demonstrate at the conference , too, and
conceivably to offer some of them for sale to potential interested persons.




Some notes to Pull-off Tests

Richard A. Bares, Jiti Wolf

Ucel a podstata odtrhové zkousSky

Dovolte zopakovat na uvod to, co nepochybné viichni vite; nicmén& miZe to byt ve
vztahu k dal§im poznamkam dileZzité.

Utelem odtrhové zkousky, jak je vystizng nazvana témef ve viech jazycich, je
Zji¥téni nejslabsi soudasti povrchovych vrstev (a to v laboratofi i na stavbé), konkretné:
- pevnosti jednotlivych vrstev nebo/a podkladu nad vyvrtem (pfesnéji fe€eno nad spodni
arovni vyvrtu)
- soudrznosti jednotlivych vrstev nad vyvrtem vzajemng a k podkladu.

Podstata zkousky spogiva ve zjisténi velikosti tahove sily, kolmé ke zkouSenému
povrchu a rovnomdmé rozdélené po plose ptilepeného zkusebniho tercCe, potiebné k odtrzeni
jednotlivych vrstev systému od sebe (adhezni pevnost) nebo k pretrzeni n€které soucasti
systému v&etné podkladu (kohezni pevnost) na ploSe pfesné definované ptedem provedenym
vyvrtem. Zkougka objektivn€ udava tyto vlastnosti systému do hloubky, odpovidaj ici hloubce
vyvrtu. Zkouskou lze tedy zjistit pevnost podkladu (nebo také pfim&fenost jeho tpravy k
naslednym operacim), pevnost jednotlivych nanesenych vrstev a jejich vzajemnou vazbu, to
vie, pokud se disledn& zachova né€kolik zékladnich pravidel.

Postup zkouSky

Na uréenych mistech se provede vyvrt jadrovym vrtakem s primérem stejnym jako
predpokladany teré, do hloubky alespon 5 mm pod arovefi prvni pfipojené vrstvy (kromé&
ocelovych podkladfi). Pokud se provadi vrtani za mokra (doporugeno), vysusi se diikladn€
povrch i fez. Na vysuSeny a oiStény povrch se piilepi vhodnym lepidlem zkuSebni ter€. Po
zatvrdnuti lepidla se pfipoji k teréi zatéZovaci jednotka zku§ebniho zafizeni a k nému
elektronicka jednotka mé¥ici, zobrazovaci, pfip. 1 fidici. Mechanické méfeni napf.
indikatorovymi hodinkami je nepfesné a dnes zfidka pouzitelné. ZatéZovani se provadi bud’
ruéné nebo elektricky, (hydraulické pohony jsou sice také mozZné, ale nepraktické),
ptedepsanou rychlosti, plynule, obvykle az do poruseni. O zkougce se vede podrobny zaznam
vietn& zphisobu poruseni (adhezni, kohezni, kombinovany).

Pdr slov o predpisech

Odtrhové zkousky jsou predepsany & doporuceny fadou norem a jinych predpisi v
riiznych oblastech (podlahy, obklady, izolace, omitky, natéry atd.). Bohuzel, tyto pfedpisy se
vyzna&uji ohromnou nejednotnosti riznych ustanoveni o této zkousce a obsahuji fadu

ustanoveni, postradajici jakykoli objektivni, racionalni, technicky nebo védecky zéaklad. Casto




Terde musi byt samozfejmé opatieny vhodnym tGchytem pro pfipojeni ke zkuSebnimu
zafizeni; anachronismem je, pfedepisuje-li norma, jak mé byt takovy tchyt konstruovan,
namisto aby pfedepisovala nanejvys§ jeho funkci.

Z uvedeného je patrné, Ze ustanoveni norem o odtrhovych zkouskach by mélo byt
maximalné sjednoceno bez ohledu na obor aplikace s tim, Ze pfedpis by mél obsahovat:

- povinnost navrtu do patfi¢né hloubky (ktera mizZe, ale nemusi byt pfedepsana a bude
rozliéna pro rizné materialy a systémy)

- pro objektivni zkousky pfipustit pouze kruhové zkuSebni terce

- velikost kruhovych ter&a (li§i se podle druhu materialu a systému, respektive jejich pevnosti,
a to pouze v fadé 25,50,75,100,125,150 mm) a udéni minimalniho povoleného pruméru
tere.(Uziti v&tich terdd je ve viech ptipadech vyhodné, ziskané vysledky jsou presnéjsi a
rozhoduje predevsim kapacita pouZitého zatéZovaciho zafizeni)

- podminky pro dostate&nou tuhost kruhovych teréd, aby se vylougilo ovlivnéni vysledku
deformaci ter&e. (Tento parametr by mé&l garantovat pro urditd namahani vyrobce zafizeni).

- ustanoveni, Ze terée musi byt opatfeny vhodnym tchytem pro pfipojeni ke zkuSebnimu
zafizeni (bez bliz§i specifikace, za kterou odpovida vyrobce zafizeni)

- povinnost Gipravy povrchu ter& vhodnym zpsobem k zajisténi dokonalého pfilepeni na
zkougeny povrch (opét bez blizsi specifikace, ktera zavisi na druhu zkouseného materialu a
lepidla)

- ustanoveni, e pouZité lepidlo nesmi chemicky narugovat povrch, ke kterému jsou terCe
lepeny, ani nesmi penetrovat materidl, na ktery jsou terée lepeny, a tim nepfipustné ovliviiovat
jeho mechanické charakteristiky.

- ustanoveni, e &tvercové nebo obdélnikové terée mohou byt pouzity pouze vyjimecné, a to
jen pro informativni hodnocent, p¥iemz je tfeba zv1a§t dbat na dostateCnou tuhost teréa.

Autofi tohoto ptispévku se zabyvaji problematikou odtrhové pevnosti jiz slusnou
tadku let a za tu dobu se jim podafilo nejen proniknout do technické podstaty zkousky, odkryt
viechna jeji uskali, ale i vyvinout ucelenou fadu sofistikovanych zafizeni pro provadéni téchto
zkousek (COMTEST® OP), stojicich dnes svou pfesnosti, snadnou manipulovatelnosti a
komplexni vybavou, nejen podie jejich min&ni, na §pici obdobnych komercnich produktti
(obr. 1). Cel4 filozofie navrhu a stavby piistroji COMTEST ® OP vychazi z toho, aby mély
tyto vlastnosti:

- maximalni lehkost a operativnost

- jednoduchost ovladani a pfivétivost k uzivateli

- vybavenost v§im potiebnym pfislusenstvim

- adaptabilita a vzajemna zame&nnost zékladnich slozek

- moZnost potizeni i nejluxusnéjsi verze po ¢astech

- schopnost pfistroje splnit viechny (nebo alespofi vétiinu) rozdilnych pozadavkd desitek
riznych norem a pfedpisd, platnych ve svéte.

Autofi ponechavaji na uZivatelich posouzeni, zda se tento zamér podafilo realizovat. Strucny
popis piistrojdl je uveden dale a v predsali je umoznéno i fyzické seznamend s pfistroji
COMTEST® OP 1/X, COMTEST®OP 2/X a COMTEST®OP 3/X. V kratké dob& bude k
dispozici i dal§i luxusni verze COMTEST®OP 4/X.

PRISTROJ COMTEST® OP 1/X

Nejjednodussi pristroj COMTEST®OP 1/X (obr. 2,3) je postaven pro b&zné zkousky
na ter&ch nejéast&ji pouzivaného priiméru 50 mm a idaj na displeji vyjadiuje pfimo napéti na
tomto teré v MPa. To oviem nevyluduje pouZiti v&tsich & mensich ter¢l prostfednictvim
jednoduchych adaptérii (obr.4); idaje na displeji je pak nutno pouze vynasobit pfisluSnym
soudinitelem, vyjadfujicim pomér étverce priiméru 50 mm ke &tverci priiméru pouzitého terde,
tedy napf. pfi pouZiti terée 100 mm se vynasobi displejové hodnoty sou€initelem



2500/10 000 = 0,25. To umozni velmi pfesné méfit i systémy s nizkou pevnosti, napf.
hydroizola¢ni pasy nebo jejich pfilnavost k podkladu. Lze pouZit tere aZ do priméru 150mm.
Pii vétSich hodnotach pevnosti s pouZitim vétsich teréd by nemusela byt maximalni
aplikovatelna sila b&Zného pfistroje (tj. OP 1/7) dostate€na a proto jsou dodévany pfistroje s
péti riznymi silovymi rozsahy X, konkrétng 3,7,10,15 a 25 kN. Kombinaci velikosti terée a
silového rozsahu Ize spolehlivé a se stejnou presnosti oSetfit vSechny piipady, které se v praxi
mohou vyskytnout.

ZatSzovani lze provadét bud’ ruénim otagenim vratidla, nebo prostfednictvim
pfevodovky, ru¢né ovladané klickou (obr.5). Aby zatiZeni probihalo vhodnou rychlosti, ktera
je vétSinou stanovena na 100 N/sec, indikuje méfici jednotka pifistroje prekro&eni této
rychlosti zvukovg, piskanim. Pi zatéZovani je tedy tfeba se pohybovat t&sné kolem stanovené
hranice, jinymi slovy v oblasti "piska" — "nepiska".

Displej poskytuje také informaci o urovni nabiti baterie a varovnym blikanim
upozorfiuje experimentatora na dosaZeni maximalni pfipustné sily s ohledem na linedrni
charakteristiku méficiho silového tfmenu. Mafici jednotku Ize nastavit bud’ do polohy "méfi
stale", tedy i pfi poklesu sily, nebo do polohy "zaznamenava maximalni dosaZené zatizeni".
Vynulovani se provadi jednoduse vypnutim a zapnutim.

COMTEST®OP 2/x

Pfistroj pro opakovani mé&teni COMTEST®OP 2/X (obr.6,7) pouziva standardni
zat€zovaci jednotku a obdobné dva zplisoby zatéZovani, jako pfistroj COMTEST®OP 1,
umoziuje vSak také nasazeni akumulatorového motoru, Hzeného (se zpétnou vazbou v
mikrosekundach) ze sofistikované mé¥ici a Fidici jednotky podle vioZeného zadani. Méfici
jednotka kromé toho umoZiiuje plnéni celé tady dalsich funkci: tak napf. lze zvolit jakykoli
tvar terCe s libovolnou plochou a na mnohofadkovém barevném displeji odecitat momentalni
napéti na ter€i i hodnotu pdsobici sily, lze pozorovat v numerickém & grafickém vyjadieni
souhlas ¢i nesouhlas skutetné rychlosti s pozadovanou. Na displeji je signalizovano pfipadné
piekrogeni maximalni pfipustné sily pro dany typ zat&¥ovaci jednotky, stav baterie €i
preruSeni ¢asové zdkladny. Po ukonéeni méfeni se zobrazi minimalni, maximalni a primérna
rychlost zaté€Zzovani b&hem celé zkousky spolu s grafickym zndzornénim prib&hu zatézovani,
dale viechny zadané hodnoty a datum a &as zkouSky. Pfistroj si ponecha v paméti veskeré
jmenované udaje o 100 provedenych zkouskach. Lze je vytisknout tfeba t&sné& po zkousce na
minitiskarng nebo pozdéji je pfenést do osobniho pocitace k libovolnému dal§imu
zpracovani.

Pristroj je osazen nezavislou ¢asovou a datovou zékladnou fizenou DFC signalem a
komunikuje dvoujazy&né a ve dvou jednotkach, metrickych a anglickych. Zatim pracuje v
angli¢tin€ a ¢esting, softwarova tprava na jinou kombinaci jazykd (napf. angli¢tina-néméina),
pfipadné jinou kombinaci jednotek, neni viak zadnym problémem.

Pfistroj je opét vybaven bohatym ptisluienstvim: vedle adaptéra pro riizng velké a
tlusté terCe jde o adaptér, umoziiujici provadst meteni i na Sikmych &i svislych povrsich
(obr.8,9), adaptér pro zvlast nerovné povrchy ve tvaru aretagni trojnozky k vyrovnani
zatéZovaci jednotky do polohy kolmé ke zkousenému povrchu (obr.9) a dalsi.

COMTEST®OP 3/X

Pristroj pro opakované profesionalni mé&feni COMTEST®OP 3 obsahuje v§echny
komponenty, zmin&né u pfedchoziho piistroje, jako standardni vybaveni (obr.11). Mé&fici
jednotka (tentokrat umisténa v hlinikovém pouzdfe) v soucasném provedeni (obr. 12)
zajistuje veskeré funkce stejn& jako méfici jednotka v piedchozim ptipadé u piistroje
COMTEST®OP 2 (v plastovém pouzdie). Méfici jednotka je viak pfipravena plnit fadu
dalich funkci v pfipravované nejluxusn&jsi verzi pfistroji COMTEST® OP 4.
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COMTEST®OP 4/X

Kromé viech moZnosti, vybaveni a funkci uvedenych u pfistroja COMTEST®OP 2/X
a 3/X prina8i pfipravovana verze COMTEST®OP 4/X mnoho dal§ich moZnosti a veli&in,
které, jak autofi pfedpokladaji, uspokoji i nejnaro&néj§iho uzivatele. Pfistroj bude totiZ, k
zajisténi komplexniho pohledu, opatfen automatickym méfenim, a samozfejmé zapisem,
okolni teploty a vlhkosti a dile, mé&fenim a zapisem teploty a pfipadné vlhkosti zkouSeného
povrchu béhem zkousky. Bude vybaven i mé&fenim deformace zkouSeného povrchu a tak
poskytne daleko komplexn&jsi pohled na vysledky zkousky, nez bylo dosud umoZznéno.

Klavesnici méfici jednotky bude mozno pouZit k zapisu pisemnych zprav podobné
jako u mobilnich telefont (napf. o prib&hu zkousky, jejim umisténi apod.) stejné jako
kalkulatku se zabudovanym programem pro statistické zpracovani zvolenych méfeni, kterych
bude mozno ulozit az 1000.

Zaver

Autofi vénovali velkou pé&i navrhu a konstrukei novych, nekonvenénich pfistrojii pro
zji§tovani odtrhové pevnosti tak, aby na jedné stran& vyhovovaly nejnaro¢n&jsim kriteriim a
poadavkim investorii i experimentétorti, na druhé stran€ odbornikfim riiznych profesi a
obord, které se s témito zkouskami setkévaji. Bylo dbano toho, aby se pokud mozno
eliminoval vliv lidského &initele, aby vysledky byly co nejpfesnéjsi, aby méfeni bylo co
nejjednodusi a k uZivateli nejpratelst&jsi a bylo maximalng komplexni. K tomu vyuZili viech
svych dlouholetych zkuSenosti z teoretického vyzkumu i zkuSebnické praxe. Domnivaji se (s
pfijatelnou davkou neskromnosti), Ze pfistroje COMTEST®OP poskytnou experimentatorovi
nejdokonalejsi myslitelny komfort a stanou se §pi¢kou ve své oblasti. Posoudit opravnénost
této domnénky viak skutedné mohou pouze odbornici a k tomu Géelu také autofi tuto
informaci na této prestizni konferenci podavaji.

Texty k obrazkdam:

Obr 1 Rada odtrhovych piistrojt COMTEST®OP s riiznymi mé&ficimi jednotkami a s riiznym
zptuisobem vyvinu tahové sily

Obr.2 Dodavana souprava s odtrhovym pfistrojem COMTEST®OP 1

Obr.3 Odtrhovy ptistroj COMTEST®OP 1/X pro ter&e o priméru 50 mm osazeny vratidlem k
ru¢nimu vyvinu sily

Obr.4 Souprava ter&l riiznych primérti a k nim piislu§nych adaptéri

Obr.5 Pievodovka pro ruéni vyvin sily prostfednictvim klicky

Obr.6 Doddvana souprava s odtrhovym pristrojem COMTEST®OP 2

Obr.7 Odtrhovy ptistroj COMTEST OP 2/X s adaptérem pro zkousku na teréi o priiméru
100 mm osazeny vratidlem k ruénimu vyvinu sily

Obr. 8 Adaptér pro zkouSeni na Sikmych nebo svislych povr§ich

Obr.9 Odtrhovy ptistroj COMTEST®OP 2 pfipraveny ke zkousce na svislém povrchu
Obr.10 TrojnoZka pro méfeni na silné nerovnych povrsich

Obr.11 Dodéavana souprava s odtrhovym pfistrojem COMTEST®OP 3

Obr.12 Odtrhovy piistroj COMTEST OP 3/X osazeny akumulatorovym motorem k vyvinu
sily

Biography of speakers:
Prof Eng.Civ. Dr. Richard A. Bare§, DrSc., emeritni profesor Cs. akademie v&d, specialista v
oblasti materidlového inZenyrstvi, kompozitnich materialt a stavebnich konstrukci. Autor vice
ne% 220 védeckych a technickych publikaci a 260 védeckovyzkumnych zprav, nositel fady
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prestiznich ocenéni. Nyni managing director a predseda piedstavenstva firmy COMING
Plus.a.s. Praha.
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