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[CA]

Una de les propietats més valorades a llarg termini d’'un material per a ser emprat en ar-
quitectura és la seva duresa. Es una propietat especifica dels solids que ens indica la seva
resisténcia a la friccio, a I’abrasio, al desgast, a la penetracio i al ratllat: “Qualitat que te-
nen certs materials que presenten una forta resisténcia a ser penetrats, encetats, ratllats;
que no cedeixen facilment a la pressio”.

Malauradament, no és facil valorar la duresa d’una manera objectiva i facilment compa-
rable, ja que existeixen una gran quantitat de possibles assaigs que es poden realitzar
per quantificar aquesta propietat. Depenent que es tracti de valorar la duresa d’'un me-
tall, d’'una peca de ceramica, d’un tros de plastic, etc., farem servir un determinat assaig
i obtindrem un valor en una escala que generalment pren el nom de la persona (Mohs,
Barcol, Brinell, Rockwell, Shore, Knoop, Martens, Meyer, Vickers) que va dissenyar aquest
assaig. Evidentment, els resultats assolits son inherents al mateix assaig, i, per tant, di-
ficilment comparables els uns amb els altres. De vegades existeixen taules de conversio
entre els diferents resultats. Aquestes taules poden ser exactes, pero el més probable és
que només siguin aproximades, ja que la majoria de vegades els resultats aconseguits
depenen molt directament del tipus d’assaig.

Per exemple, amb el formigo (en massa o armat) s’utilitza molt un assaig no destructiu
en que es fa servir un instrument anomenat esclerometre. Es tracta d’un cilindre amb un
pist6 a l'interior que colpeja violentament la superficie del formigé, marcant una longitud
de retrocés del pisté contra una molla interior. D’aquest valor de retrocés, a través d’unes
taules que incorpora el mateix esclerometre, se’'n dedueix una resisténcia a compressio
aproximada del formigo. Es a dir, es relaciona la duresa del material amb la seva resistén-
cia a compressio.

[ES]

Una de las propiedades mas valoradas a largo plazo de un material para ser empleado en
arquitectura es su dureza. Es una propiedad especifica de los sélidos que nos indica su re-
sistencia a la friccion, a la abrasion, al desgaste, a la penetracion y al rayado: “Calidad que
tienen ciertos materiales que presentan una fuerte resistencia a ser penetrados, comenza-
dos, rayados; que no ceden facilmente a la presion”.

Desgraciadamente, no es facil valorar la dureza de una manera objetiva y facilmente com-
parable, puesto que existen una gran cantidad de posibles ensayos que se pueden realizar
para cuantificar esta propiedad. Dependiendo que se trate de valorar la dureza de un metal,
de una pieza de ceramica, de un trozo de plastico, etc., usaremos un determinado ensayo
y obtendremos un valor en una escala que generalmente toma el nombre de la persona
(Mohs, Barcol, Brinell, Rockwell, Shore, Knoop, Martens, Meyer, Vickers) que diseno este
ensayo. Evidentemente, los resultados logrados son inherentes al mismo ensayo, y, por lo
tanto, dificilmente comparables los unos con los otros. A veces existen tablas de conversion
entre los diferentes resultados. Estas mesas pueden ser exactas, pero el mas probable es
gue solo sean aproximadas, puesto que la mayoria a veces los resultados conseguidos de-
penden muy directamente del tipo de ensayo.
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Por ejemplo, con el hormigon (en masa o armado) se utiliza mucho un ensayo no destruc-
tivo en que se usa un instrumento llamado esclerémetro. Se trata de un cilindro con un
piston en el interior que golpea violentamente la superficie del hormigon, marcando una
longitud de retroceso del pistén contra un muelle interior. De este valor de retroceso, a
través de unas tablas que incorpora el mismo esclerometro, se deduce una resistencia a
compresion aproximada del hormigon. Es decir, se relaciona la dureza del material con su
resistencia a compresion.

[EN]

One of the most long-term valued properties of a material to be used in architecture is its
hardness. It is a specific property of solids that indicates their resistance to friction, to abra-
sion, to wear, to penetration and to grating: “Quality that has certain materials that have
strong resistance to being penetrated, blinded, grated; that do not yield easily to pressure.”
Unfortunately, it is not easy to assess hardness in an objective and easily comparable man-
ner, as there are a large number of possible tests that can be performed to quantify this
property. Depending on whether it is a question of assessing the hardness of a metal, of a
ceramic piece, of a piece of plastic, etc., we will use a certain test and we will get a value on
a scale that generally takes the name of the person (Mohs, Barcol, Brinell, Rockwell, Shore,
Knoop, Martens, Meyer, Vickers) who designed this essay. Obviously, the results achieved
are inherent in the same test, and therefore hardly comparable with each other. Sometimes
there are conversion tables between different results. These tables may be accurate, but
are most likely only approximate, as most of the results achieved depend very directly on
the type of test.

For example, with concrete (mass or reinforced) a non-destructive test is widely used using
an instrument called a sclerometer. It is a cylinder with a piston inside that violently hits the
concrete surface, marking a backspace length of the piston against an inner spring. From
this backspace value, through tables incorporating the same sclerometer, a resistance to
approximate concrete compression is deducted. In other words, the hardness of the mate-
rial is related to its resistance to compression.

- key words:

shore durometer, sclerometer, rebound test hammer, schmidt hammer, concrete, metals, building

- realitzacio:

per part de I'estudiant Raquel V. Mena amb I'acompanyament del professor Joan-Lluis Zamora

- agraiments:

a la secci6 del Departament de Tecnologia de I'ETSAV, pel financament dels aparells de mesura disponibles
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pagina web - pagina web - webpage

https://thecons-
tructor.org/concre-
te/rebound-ham-
mer-test-concre-

te-ndt/2837/

[CA] Guia extensa per a entendre el funcionament i mesura amb un duro-
metre

[ES] Guia extensa para entender el funcionamiento y la medicion con un
duréometro

[EN] Extensive guide to understand the operation and measurement with
a durometer

viquipedia - wikipedia - wikipedia

https://es.wikipedia.
org/wiki/Escler%C3%B-

3metro

[CA] Explicacio de com funciona I’esclerometre, enumerant possibles pro-
blematiques i exemples d’aplicacions

[ES] Explicacion de como funciona el esclerometro, enumerando posibles
problematicas y ejemplos de aplicaciones

[EN] Explanation of how the sclerometer, enumerating possible problems
and examples of applications

Guia d’us de la Biblioteca de 'ETSAV: Durometre
4



https://web.archive.org/web/20220303184708/https://theconstructor.org/concrete/rebound-hammer-test-concrete-ndt/2837/
https://web.archive.org/web/20220303184708/https://theconstructor.org/concrete/rebound-hammer-test-concrete-ndt/2837/
https://web.archive.org/web/20220303184708/https://theconstructor.org/concrete/rebound-hammer-test-concrete-ndt/2837/
https://web.archive.org/web/20220303184708/https://theconstructor.org/concrete/rebound-hammer-test-concrete-ndt/2837/
https://web.archive.org/web/20220303184708/https://theconstructor.org/concrete/rebound-hammer-test-concrete-ndt/2837/
https://web.archive.org/web/20210618102640/https://es.wikipedia.org/wiki/Escler%C3%B3metro
https://web.archive.org/web/20210618102640/https://es.wikipedia.org/wiki/Escler%C3%B3metro
https://web.archive.org/web/20210618102640/https://es.wikipedia.org/wiki/Escler%C3%B3metro
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CARACTERISTIQUES TECNIQUES @
TECHNICAL SPECIFICATIONS

manuals d’usuari - manual de usuario - user manual

[CA] Fitxa técnica de I'aparell, aixi com consideracions i explicacio del
seu funcionament a nivell d’'usuari

PCE-2000N [ES] Ficha técnica del aparato, asi como consideraciones y explicaciones
(PCE Instruments) de su funcionamiento a nivel de usuario

[EN] Technical sheet of the device, as well as considerations and expla-
nations of its operation at user level

[CA] Fitxa técnica de I'aparell, aixi com consideracions i explicacio del
seu funcionament a nivell d’usuari

Schmidt 0S-120 [ES] Ficha técnica del aparato, asi como consideraciones y explicaciones
(Screening Eagle) de su funcionamiento a nivel de usuario

[EN] Technical sheet of the device, as well as considerations and expla-
hations of its operation at user level

videos - videos - videos

[CA] Explicacio general del mesurament de la duresa dels materials
outu.be/VqvfE1u5TuM [ES] Explicacion general de la medicion de la dureza de los materiales
[EN] General explanation of measurement of the hardness of materials

[CA] Breu demostracio de I'is del PCE-2000N
youtu.be/AR3b8NoJRJE | [ES] Breve demostracion de la utilizacion de PCE-2000N
[EN] Brief practical demonstration of PCE-2000N

[CA] Breu demostracio de I'iis del Schmidt 0S-120

youtu.be/foN7HVXLEN4 [ES] Breve demostracion de la utilizacion del Schmidt 0S-120
[EN] Brief practical demonstration of the Schmidt 0S-120
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https://web.archive.org/web/20220626191146/https://www.pce-instruments.com/espanol/api/getartfile?_fnr=1462574&_dsp=inline
https://web.archive.org/web/20220626191146/https://www.pce-instruments.com/espanol/api/getartfile?_fnr=1462574&_dsp=inline
https://www.youtube.com/watch?v=VqvfE1u5TuM&feature=youtu.be
https://www.youtube.com/watch?v=AR3b8NoJRdE&feature=youtu.be
https://web.archive.org/web/20201025103201/https://www.industrial-needs.com/manual/man-roughness-tester-pce-rt-10-en.pdf
https://web.archive.org/web/20220626191406/https://d3d9uh9i6bytyw.cloudfront.net/asset/Downloads/Schmidt%20OS-120_Operating%20Instructions_Spanish_high.pdf
https://web.archive.org/web/20220626191406/https://d3d9uh9i6bytyw.cloudfront.net/asset/Downloads/Schmidt%20OS-120_Operating%20Instructions_Spanish_high.pdf
https://www.youtube.com/watch?v=foN7HVXLEN4&feature=youtu.be

NORMATIVA
NORMATIVA @
REGULATION

UNE-EN 12504-2:2022 / 2022-05-18 / vigent - vigente - current

[CA] Assajos de formigo en estructures

Part 2: Assajos no destructius. Determinacioé de I'index de rebot
www.une.org [ES] Ensayos de hormigbn en estructuras

Parte 2: Ensayos no destructivos. Determinacion del indice de rebote
[EN] Testing concrete in structures

Part 2: Non-destructive testing - Determination of rebound number

UNE-EN 13791:2020 / 2020-04-22/ vigent - vigente - current

[CA] Avaluacio de la resisténcia a compressio in situ en estructures i
elements prefabricats de formigo

[ES] Evaluacion de la resistencia a compresion in situ en estructuras y
elementos prefabricados de hormigon

[EN] Assessment of in-situ compressive strength in structures and pre-
cast concrete components

www.une.org

Guia d’us de la Biblioteca de 'ETSAV: Durometre
6



https://web.archive.org/web/20220626201822/https://www.une.org/encuentra-tu-norma/busca-tu-norma/norma/?c=norma-une-en-12504-2-2022-n0069660
https://web.archive.org/web/20220626203633/https://www.une.org/encuentra-tu-norma/busca-tu-norma/norma/?c=norma-une-en-13791-2020-n0063682

POSIBLES APLICACIONES

POSSIBLES APLICACIONS @
POSSIBLE APPLICATIONS

en control d’obra - en control de obra - in site control

1.

[CA] Compliment d’estandards de seguretat i qualitat dels materials
[ES] Cumplimiento de estandares de seguridad y calidad de los materiales
[EN] Compliance of safety and quality standards of materials

[CA] Comprovacio de la capacitat a compressio del formigo
[ES] Comprobacion de la capacidad a compresion del hormigon
[EN] Concrete compression capability check

[CA] Estimacio del temps d’adormiment del formigo
[ES] Estimacion del tiempo de fraguado del hormigon
[EN] Time estimation of concrete’s setting process

en rehabilitacio - en rehabilitacion - in rehabilitation

1.

[CA] Compliment d’estandards de seguretat i qualitat dels materials
[ES] Cumplimiento de estandares de seguridad y calidad de los materiales
[EN] Compliance of safety and quality standards of materials

[CA] Deteccio de danys estructurals per incendi (formigo)
[ES] Deteccion de los danos estructurales por incendio (hormigon)
[EN] Detection of structural damage by fire (concrete)
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CASOS (ACCES OBERT)
CASOS (ACCESO ABIERTO)
CASES (OPEN-ACCESS)

O

casos estudi - casos estudio - case-studies

Structural health as-
sessment of a R/C buil-
ding in the coastal area
of Concepcion, Chile

Sourcing of chalkstone
used in medieval buil-
dings in the Eastern Du-
chy of Normandy (10th-
14th centuries) through
geological and geoche-
mistry analyses

An environmental im-
pact on the condition of
an_unfinished building
in the OWT technology

Fire damage of concre-
te building structures

A Study on the Estima-
tion of Setting Time for

Concrete Using Duro-
meter

[CA] Comprovacio estructural d’un edifici en una zona d’alt moviment
sismic

[ES] Comprobacion estructural de un edificio en una zona de alto movi-
miento sismico

[EN] Structural assesment of a building in a high seismic movement area

[CA] Analisi de I'origen dels materials emprats en la construccio d’edificis
historics

[ES] Analisis del origen de los materiales empleados en la construccion de
edificios historicos

[EN] Analysis of the origin of materials used in the construction of historic
buildings

[CA] Analisi de I'impacte ambiental en un edifici inacabat de la 22 G.M.
[ES] Analisis del impacto ambiental en un edificio inacabado de la 22 G.M.
[EN] Environmental impact analysis in an unfinished building of the 2nd
W.W.

[CA] Estudi de les condicions de les estructures afectades per incendi
[ES] Estudio de las condiciones de las estructuras afectadas por incendio
[EN] Study of the conditions of the structures affected by fire

[CA] Estudi per a la estimacio del temps d’adormiment del formigo
[ES] Estudio para la estimacion del tiempo de fraguado del hormigén
[EN] Study to estimate concrete’s setting time
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https://web.archive.org/web/20200709022034/http://digital.csic.es/bitstream/10261/6966/1/ult10.pdf
https://web.archive.org/web/20220630152213/https://pdf.sciencedirectassets.com/278653/1-s2.0-S1877705817X00337/1-s2.0-S1877705817336263/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEAcaCXVzLWVhc3QtMSJHMEUCIQC0%2F1r%2FoQQa2T2RxSyZQkOXrtkWUL60gq8tc40YKXrg9wIgd0yMOUGi9VTFc8zWbSEVRrlGDs92b%2B6vOiPC1H1UWBMq0gQIMBAEGgwwNTkwMDM1NDY4NjUiDAH7kzrCXYQTC7sZuyqvBEwuqS%2Frldod1AMkF%2BfV%2FHnutlUvpcpbXCWP6lw8BP0koLmz48fAMOHDfxTGQANEKQJRkUKH3aPJ3p6j%2Fxs8HjlauQFFKAJmPVFx0JlUCZj4TsmnusenPp2mnWCP8vMez%2FV%2BpP6nEPUw92zzoK634ZQEhZWQt2wqgI752CPtojlPR1M2BPK9ispRyPzGjEWztvEMP85r1FAZeI3Glw2GM7tshYXl2%2FZIbwOX83eOGzRLY%2BrBVJDxx17DRiM3gI6187AK8Ziownn2th6eHAx%2FduF1UZ0KyVP5EGPFd8IeAUiQnPCF1KghWkPcxa145zly7sN5N%2FZlAJBRenPgTWujl8S1zn5Eq2wdszR%2FCDxNBG3hoy8X2Tf8YVbfMvOeybmrH8bvLD8%2BQfPb44wZzApVmnAqQWaeN8FfjyxkAEHKxPsJU49thcTufS7tQ7lxcYcnZvz07RdBzvL%2BCHvGypPdnjROjEM6LKuM6i04C28PDgZOmP95c0mFMRhL%2BJzQPfVtcT1oFOEmDGlyQTdR2qprTixxBzzdbYXweNOf%2FfwRw33gNV%2BZwMhBKwNPkp9XY7eoUiGIBGATH2dFmjHX2Ltu8F%2BXBgDwYmJATmhYO2nWMz1lmkgcP8RUidGETKBbCe7HtYjlAmbgE28sTsR5Bi4PFIURE9NhnQo2kgNeZAgrF%2FToaqqG%2FXvRGqAkl1YGHpYcBnNTCtjmzyjcseiQ7O5LhtTGy5m3UcaTXkmRa7ZEgGYwyvH2lQY6qQGuLaxHdIWcCmQhY2KsAY1X6YcqWkBsbpUtOIcacW4HIu615KzqP78lcloD%2F%2FQd5IKNsv7S%2Bl40s%2F6jId%2FVngXxIrIlQBE4cqr14%2FPN0CbXd7bBfAroRSpZhLTdQLfwySUSfiew5MEkbYyXp8d3K4lbf43JKfASVPV3930JOoc%2FbboAEbVmRN8mM9ftTLcGdDfPDMnWBgeBsEfCKymFb7RAX113TnHMxqKd&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20220630T152208Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYS3JQTUA7%2F20220630%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=67cae77cdd65b45fc146b1a334723ed30a2a22d4650a27ad98dc3d81f381a7d7&hash=91aa9e2c8607f1db33e8f0c007805df94c0b93ba18217f902e9ea1afb918cb70&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1877705817336263&tid=spdf-14410127-0264-437a-96cd-62135d8b1404&sid=3ee13e01559a2341d79a01d90e85197cb3d0gxrqb&type=client&ua=4d5051510057555b5656&rr=7237e549795e69e8&__cf_chl_rt_tk=K21jQTlRxh1NFTMaWzaL2qLTl8qVfVNNGQK74v5tpoY-1656602533-0-gaNycGzNCBE
https://web.archive.org/web/20220630152213/https://pdf.sciencedirectassets.com/278653/1-s2.0-S1877705817X00337/1-s2.0-S1877705817336263/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEAcaCXVzLWVhc3QtMSJHMEUCIQC0%2F1r%2FoQQa2T2RxSyZQkOXrtkWUL60gq8tc40YKXrg9wIgd0yMOUGi9VTFc8zWbSEVRrlGDs92b%2B6vOiPC1H1UWBMq0gQIMBAEGgwwNTkwMDM1NDY4NjUiDAH7kzrCXYQTC7sZuyqvBEwuqS%2Frldod1AMkF%2BfV%2FHnutlUvpcpbXCWP6lw8BP0koLmz48fAMOHDfxTGQANEKQJRkUKH3aPJ3p6j%2Fxs8HjlauQFFKAJmPVFx0JlUCZj4TsmnusenPp2mnWCP8vMez%2FV%2BpP6nEPUw92zzoK634ZQEhZWQt2wqgI752CPtojlPR1M2BPK9ispRyPzGjEWztvEMP85r1FAZeI3Glw2GM7tshYXl2%2FZIbwOX83eOGzRLY%2BrBVJDxx17DRiM3gI6187AK8Ziownn2th6eHAx%2FduF1UZ0KyVP5EGPFd8IeAUiQnPCF1KghWkPcxa145zly7sN5N%2FZlAJBRenPgTWujl8S1zn5Eq2wdszR%2FCDxNBG3hoy8X2Tf8YVbfMvOeybmrH8bvLD8%2BQfPb44wZzApVmnAqQWaeN8FfjyxkAEHKxPsJU49thcTufS7tQ7lxcYcnZvz07RdBzvL%2BCHvGypPdnjROjEM6LKuM6i04C28PDgZOmP95c0mFMRhL%2BJzQPfVtcT1oFOEmDGlyQTdR2qprTixxBzzdbYXweNOf%2FfwRw33gNV%2BZwMhBKwNPkp9XY7eoUiGIBGATH2dFmjHX2Ltu8F%2BXBgDwYmJATmhYO2nWMz1lmkgcP8RUidGETKBbCe7HtYjlAmbgE28sTsR5Bi4PFIURE9NhnQo2kgNeZAgrF%2FToaqqG%2FXvRGqAkl1YGHpYcBnNTCtjmzyjcseiQ7O5LhtTGy5m3UcaTXkmRa7ZEgGYwyvH2lQY6qQGuLaxHdIWcCmQhY2KsAY1X6YcqWkBsbpUtOIcacW4HIu615KzqP78lcloD%2F%2FQd5IKNsv7S%2Bl40s%2F6jId%2FVngXxIrIlQBE4cqr14%2FPN0CbXd7bBfAroRSpZhLTdQLfwySUSfiew5MEkbYyXp8d3K4lbf43JKfASVPV3930JOoc%2FbboAEbVmRN8mM9ftTLcGdDfPDMnWBgeBsEfCKymFb7RAX113TnHMxqKd&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20220630T152208Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYS3JQTUA7%2F20220630%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=67cae77cdd65b45fc146b1a334723ed30a2a22d4650a27ad98dc3d81f381a7d7&hash=91aa9e2c8607f1db33e8f0c007805df94c0b93ba18217f902e9ea1afb918cb70&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1877705817336263&tid=spdf-14410127-0264-437a-96cd-62135d8b1404&sid=3ee13e01559a2341d79a01d90e85197cb3d0gxrqb&type=client&ua=4d5051510057555b5656&rr=7237e549795e69e8&__cf_chl_rt_tk=K21jQTlRxh1NFTMaWzaL2qLTl8qVfVNNGQK74v5tpoY-1656602533-0-gaNycGzNCBE
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