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1 RESUMEN
La transformacién de un residuo como vasos de cartén para bebidas calientes en un
material compuesto polimérico requiere un andlisis de las propiedades de la materia prima
inicial y de los procesos que pueden llevarse a cabo de acuerdo a los recursos disponibles para la

manufactura del mismo.

Por medio de la seleccién de procedimientos experimentales, casos de estudio relevantes en
el drea y el uso de normas internacionales que provean un marco experimental adecuado, se
realiza la caracterizacién del material polimérico compuesto de tal manera que las propiedades
fisicas, incluyendo pruebas mecdnicas, tales como densidad, absorciéon de agua, ignicidn,
tension, impacto y dureza puedan ejecutarse. Las pruebas se realizan en un entorno experimental
académico, apoydndose no solo en las herramientas tecnolégicas disponibles en los laboratorios
de la Universidad EAN, sino también en la teoria provista por las ciencias bdsicas y de

materiales.

La caracterizacién preliminar del material provee un marco de referencia que permite
proponer una aplicacion real para el mismo, asi como una base sobre la cual se pueden ejecutar

proyectos de profundizacion futuros.
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2 JUSTIFICACION
El estudio de la ciencia de los materiales y su aplicacién a la solucién de problemas
de diferentes dmbitos, resulta especialmente util e importante ante los problemas de
sostenibilidad ambiental presentes en muchas de las industrias mundiales y
colombianas. La reutilizacién de materiales se hace cada vez mds necesaria si se
consideran las crecientes cifras de acumulacion de los mismos en los rellenos sanitarios

y la decreciente disponibilidad de materias primas para la industria.

Desde la perspectiva de la ingenieria de produccidn, la seleccién y generacion de
materiales involucra el ciclo de vida tanto de los productos como de los insumos y es
desde esta perspectiva que se busca hacer un primer acercamiento a la soluciéon de un
problema ambiental que pasa desapercibido por muchos. En pro de la conveniencia y
reduccién de costos tanto para el proveedor del producto como para el consumidor, las
cadenas de bebidas calientes utilizan vasos de cartén para suplir sus necesidades de
envase. Sin embargo, como se ha demostrado para algunos de estos envases, los mismos
componentes que lo hacen tan versitil, son los que hacen su reciclaje convencional

imposible.

La oportunidad de desarrollar y proponer un material con posibles aplicaciones
reales en algin sector de la industria desde un ambiente académico experimental,
permite la creacién de un caso de estudio en el que futuras investigaciones o propuestas
se puedan basar. La generacion de un prototipo de un material también permite aplicar y
apreciar més a fondo la importancia que tiene no solo la ciencia de materiales en el area
productiva, sino también la investigacion y sus técnicas para la generacion de

conocimiento.
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3 OBJETIVOS
El desarrollo del proyecto aqui plateado estd enmarcado por los siguientes objetivos
generales y especificos.
3.1 OBJETIVO GENERAL
Desarrollar un prototipo de material polimérico compuesto a base de residuos de
vasos para bebidas calientes de cartén recubiertos de LDPEI, dentro de un ambiente

académico experimental.

3.2 OBJETIVOS ESPECIFICOS
Los objetivos especificos a continuacion permiten enmarcar etapas especificas de la

investigacién que permitan obtener resultados puntuales y relevantes para el proyecto:

- Analizar las caracteristicas y la composicion de los vasos para bebidas calientes de
cartén recubierto de LDPE.

- Seleccionar un método de fabricacién del material compuesto polimérico que
cumpla con los requerimientos presupuestados, se ajuste a los recursos disponibles
y sea procesable en un entorno académico experimental.

- Seleccionar un set de pruebas fisicas que permitan la caracterizacién del prototipo
de material polimérico compuesto a base de vasos para bebidas calientes de carton
recubierto de LDPE.

- Proponer una aplicacién acorde con los resultados obtenidos en la fase de

caracterizacion experimental.

"LEPD son las siglas para Polietileno de baja densidad (Low density polyethylene), que es una de las
familias del grupo de los polietilenos. Los dos grandes grupos son Polietileno de baja densidad y
Polietileno de alta densidad
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4 PLANTEAMIENTO Y FORMULACION DEL PROBLEMA
Los sectores de alimentos, empaques y embalajes, requieren materiales
especificos que hayan sido producidos bajo ciertos estdndares de salubridad.
Precisamente por las ventajas que representan estos productos, es que se ha
incrementado el volumen de desechos derivados de estas actividades, es decir, el 20%
de hasta el 7% del peso total de los desechos generados a nivel urbano corresponden a
desechos plésticos (Ecopublipack, 2009) y, para este caso especifico, miles de vasos

desechados son depositados diariamente en los rellenos sanitarios.

Varias organizaciones a nivel mundial han atacado diversos problemas
ambientales desde el punto de vista de la ingenieria; casos que incluyen proyectos
exitosos y ambiciosos como los ejecutados por Tetra Pak, quienes han disefiado
materiales con diversas aplicaciones a partir de los residuos de sus empaques (Tetra
Pak). No obstante, cada residuo representa un reto y materia prima tnica, de tal manera
que no puede ser procesada y concebido a la ligera o bajo los mismos parametros

utilizados para otros productos y desechos.

A pesar de contar con materia prima en abundancia, teniendo en cuenta que
Colombia consume 313040 toneladas de pléstico al ano, de los cuales el 35% se utilizan
en la produccion de productos desechables, no se cuenta con un proceso claro de
caracterizacion de materiales que provea una metodologia y un proceso experimental
que permita el disefio de un prototipo de un material polimérico compuesto, también

caracterizable, dentro de un entorno experimental académico

Sin embargo, a pesar del contexto ambiental que claramente envuelve este
proyecto, el proyecto aqui desarrollado da respuesta a la pregunta de cudl es el proceso
que debe llevarse a cabo para la manufactura de un material polimérico compuesto a
base de vasos de carton para bebidas calientes recubiertos de LEPD, de tal manera que

se le pueda dar un uso o aplicaciéon en un drea de algin sector productivo. Desde la
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perspectiva de la ingenieria de produccién, el reto consiste en hallar un proceso de
manufactura y caracterizacién de un prototipo de material compuesto polimérico dentro

de un entorno académico experimental.

5 MARCO TEORICO

5.1 MATERIALES POLIEMERICOS COMPUESTOS

Un material compuesto se define como aquel material compuesto de dos o mas
materiales en donde la integraciéon artificial de los materiales permite mejores
caracteristicas que las que poseen cada uno de los materiales que lo componen por
separado. Los materiales compuestos cuentan con una matriz, usualmente identificada
como el material con la fase continua, y un componente con fase discontinua
considerado el refuerzo. La funcion de la matriz es soportar el refuerzo y transmitir la
carga al mismo. Sin embargo, las propiedades del material compuesto estdn dadas no
solo por sus componentes, sino también por la distribucién geométrica e interaccion de

los mismos. (Chung, 2003)

Los materiales compuestos se clasifican en fibrosos, particulados y laminados, y
de acuerdo con la naturaleza de sus componentes se clasifican en compuestos de matriz
plastica, de matriz metdlica, y de matriz cerdmica (Mazumdar, 2002). Lo compuestos
de matriz polimérica, especificamente, son ampliamente utilizados por las propiedades
intrinsecas de los polimeros y sus bajos costos de fabricacidn, especialmente en
aplicaciones livianas. (Chung, 2003). En el caso de estos compuestos, la técnica mas
utilizada para su fabricacion es el moldeo, por medio del cual es posible aplicar capas

sucesivas de matriz y refuerzo de tal manera que se forma un laminado.

Las matrices poliméricas pueden ser resinas termofijas como el epoxi, resinas
fendlicas, poliéster, entre otros, o resinas termoplésticas como el nylon, el polipropileno,
etc. Los refuerzos pueden presentarse en forma de fibras o de particulas y se utilizan
mecanismos de refuerzos continuos o discontinuos. Para el primer caso, se encuentra
que esta tiene mayores indices de elasticidad y resistencia global. Las fibras en general

buscan rigidificar la matriz e incrementar su resistencia.
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La ley de las mezclas proporciona un marco de referencia en el que los
volimenes de cada material contenido en cada compuesto determinaran la prevalencia

de las caracteristicas de uno u otro en el compuesto final.

Xc = Xme + Xfo

Ecuacién 1: Formula de ley de las Mezclas

Donde X representa la propiedad del material, V es la fraccion volumétrica del
material, m es el material de la matriz, f es el refuerzo y ¢ es el material compuesto.
Desde la perspectiva de la ley de las mezclas, se entiende que la propiedad del material,
dentro del compuesto, con una mayor fraccién volumétrica se verd asi mismo

mayormente representada en el material compuesto final.
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6 SELECCION DE MATERIA PRIMA Y DEL PROCESO
La arquitectura del compuesto fue seleccionada teniendo en cuenta la
disponibilidad de recursos tecnolégicos y las propiedades intrinsecas de la materia prima
inicial, por lo que, en primera instancia, se hace importante estudiar las caracteristicas de

los vasos de carton.

6.1 MATERIA PRIMA: VASOS DE CARTON

La materia prima del material compuesto aqui propuesto son los vasos de carton
para bebidas calientes. Estos vasos estdn compuestos por cartén de pulpa de papel
virgen y polietileno de baja densidad. El recubrimiento polimérico es aplicado para
evitar la filtracion del liquido contenido en el vaso. Aunque el cartén es un material de
facil biodegradacion, el plastico es necesario para mantener las caracteristicas de barrera
necesarias en este tipo de envases incluso a altas temperaturas. El proceso general
requiere de una ldmina de carton de pulpa virgen al que se adhiere una pelicula de
plastico (LDPE); de este compuesto luego se hacen cilindros del tamaiio del vaso, que

luego se sellaran al calor para evitar filtraciones en sus junturas.

De los dos materiales que componen un vaso de carton para bebidas calientes, el
polietileno comprende entre 1.2% y el 5% de la composicion total del mismo. (Alliance
for Environmental Innovation, 2000). La distribucién de los componentes es homogénea
sin ninguna orientacion aparente. Cada vaso tiene una capa de polietileno adherida a la
cara interna del vaso. Trayendo a colacién la ley de las mezclas ya mencionada en la
seccion anterior y teniendo en cuenta la distribucion porcentual de cada material dentro
de cada vaso, es de esperarse que las propiedades del carton prevalezcan en mayor

manera sobre las del pléstico.

El cartén del vaso, como ya se habia mencionado, es fabricado con pulpa de
papel virgen. Esta pulpa tiene origen en materiales orgdnicos, como madera, y es

procesada quimicamente para lograr la calidad de impresion necesaria. El cartén, a
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diferencia del papel, es utilizado para esta aplicaciéon por sus propiedades de dureza,
resistencia a la deformacién y capacidad de mantener su forma original bajo estrés
(American Society of Testing and Materials, 1963). Las propiedades quimicas
pertinentes a esta aplicacion, como punto de ignicioén (450°C aprox) resultan altamente

importantes (Borch, Lyne, Mark, & Habeger, 2002).

El polietileno de baja densidad (LDPE), es un material usualmente translicido y
facil de doblar para grosores inferiores a 1/8”°. A menos que sea doblado o estirado
sobremanera, las laminas son resilientes, no tienen olor o color y al ser estiradas se
deforman de manera uniforme. La estructura misma del polietileno de baja densidad
permite que este tenga un bajo punto de fusion (98°C-115°C) y alta flexibilidad. Todas
estas propiedades hacen del polietileno un agente de barrera preciso al ser adherido al
carton, proporcionando impermeabilidad y conservacion de la temperatura (Peacock,

2000).

La unién de ldminas de cartén con ldminas de LEPE, la materia prima original,

constituyen de por si un material polimérico compuesto laminado.

6.2 ESTRUCTURA DEL PROTOTIPO
Dentro de los varios tipos de compuestos, ya mencionados en secciones
anteriores, se consideraron una a una las opciones para determinar, de acuerdo a varios
criterios, cual es el mds apropiado para la estructuracién y manufactura del prototipo de

material compuesto a desarrollar.

Iniciando con los compuestos de matriz polimérica y refuerzo particulado, se
considerd la utilizacién de una matriz termoestable con un refuerzo particulado donde el
refuerzo lo comprenderian los vasos de cartén para bebidas calientes. Este proceso y
modelo fue adoptado para la manufactura de las ldminas de Ecoplak fabricadas a partir
de residuos de envases Tetra Pak (Tetra Pak). En el exitoso caso del Ecoplak, un tipo de
madera sintética, los residuos del empaque Tetra Pak son molidos y luego compactados
al calor para formar un aglomerado en el que no aditivos o aglutinantes son adicionados
para su conformacion. La porcién polimérica contenida en los residuos, al ser sometida

al calor, se transforma en el compuesto que aglutina tanto al aluminio como a la pulpa
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de papel ya particulada. En este material compuesto, el polietileno conforma la matriz y
el aluminio y el papel o cartén actian como refuerzos. Para replicar este proceso de
manufactura y transformacion para los vasos de cartéon para bebidas calientes, deben

analizarse varios factores.

En un compuesto de matriz con refuerzo particulado, el tamafio y forma del
refuerzo deben ser cuidadosamente definidos. La forma de la particula puede incidir en
la rigidez y la elasticidad del compuesto final (Rothon, 2003). Por otro lado, si el LDPE
contenido en el mismo residuo quiere ser utilizado como aglutinante o matriz dentro del
compuesto, debe considerarse si la cantidad del mismo alli contenida es suficiente para
cumplir tal labor. Sin embargo, se tiene que a diferencia de los envases Tetra, con un
contenido polimérico de 20% (Tetra Pak), los vasos de carton maximo contienen 5% de
LDPE; adicionalmente, la produccién homogénea de las particulas requiere de molinos
especializados que den un tamafo constante garantizado a las particulas que procesa.
Estos molinos son de dificil adquisicién, estdn siendo actualmente utilizados en
diferentes sectores de la industria y no se dispone de uno para experimentacion. Dadas
las limitantes ya descritas, se decide no replicar este proceso para la manufactura del

prototipo de material.

En los compuestos de matriz con refuerzo fibrosos, se debe determinar el tipo de
fibra, corta o continua, de acuerdo a las ventajas y desventajas que cada una presenta.
Por ejemplo, las fibras continuas tienen mayor efecto en las propiedades mecdanicas, de
resistividad eléctrica, conductividad terma, entre otras (Chung D. D., 2010), del material
compuesto. De igual manera, las fibras deben ser colocadas dentro de una matriz
polimérica que también ofrezca rigidez al material. Dentro del tipo de matrices
disponibles, se encuentran las matrices termofijas como resinas epoxicas, poliester, o
vinilos y matrices termoplésticas tales como polietileno, PVC o polipropileno. En
general los compuestos con matrices termopldsticas son mas resistentes al impacto y a la
fatiga, son reciclables, tienen menor tiempo de procesamiento, entre otros (Mazumdar,

2002).

Para la manufactura del prototipo de material compuesto con una estructura de

matriz con refuerzo fibroso, independientemente del tipo de matriz, se teme que al entrar
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en contacto con la matriz en estado liquido, el refuerzo conformado en mayor porcentaje
por cartén, perderd sus caracteristicas de rigidez y en ultimas se deshaga antes de que
finalice el curado del material final. Adicionalmente, para la conformacién de las placas
de material y las probetas para su prueba, se requiere de algin tipo de sistema de
inyectado donde se puedan controlar variables como temperatura, velocidad de
inyectado, velocidad de llenado, etc; sin embargo, dado que no se cuenta con un sistema
que permita realizar o controlar este tipo de proceso, se decide buscar otro tipo de

opciones.

Por ultimo, los materiales laminados pueden ser considerados materiales o
estructuras sandwich, compuestos a su vez por capas que usualmente consisten de un
refuerzo impregnado de una resina polimérica y cuyas fibras pueden tener diferentes
orientaciones. Las ldminas de orientacién unidireccional estdn constituidas por capas de

refuerzos dispuestos paralelamente dentro de la matriz.

De acuerdo a la aplicacion y las propiedades deseadas del material final, se
pueden colocar tantas capas como sean necesarias, con distintas orientaciones y con
tantas secuencias como lo amerite el caso. Por ejemplo, en el caso de las capas
unidireccionales, se tiene que estas tienen buenas propiedades mecanicas en la direccion
de las fibras y esta propiedad podra tenerse en cuenta en el momento del disefio y

fabricacion del material laminado compuesto.

Teniendo en cuenta que la materia prima inicial, los vasos de carton para bebidas
calientes, puede ser considerada un compuesto en si, se decide hacer uso de su estructura
y propiedades para elaborar el material compuesto como un compuesto laminado en
donde cada lamina resultante de cada vaso compondrd cada una de las capas del material
laminado. Asi como el proceso de de las placas de Ecoplak hacen uso de las propiedades
intrinsecas del polietileno, en este caso también se utilizardn las peliculas de LDPE para
actuar como agente adhesivo entre las capas aplicando calor no siendo asi necesario

agregar ningun tipo de aditivo o agente y haciendo asi uso completo de cada lamina
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6.3 MANUFACTURA DEL PROTOTIPO DE MATERIAL POLIMERICO
COMPUESTO
La manufactura de los vasos de carton se lleva a cabo siguiendo cada uno de los

pasos o etapas descritos a continuacion:

1. Recoleccion de materia prima: Los vasos de carton para bebida calientes, ya
usados y desechados, son recolectados directamente en las tiendas de una
reconocida cadena de café en la ciudad de Bogotd. Se decide utilizar los vasos
de cartén desechados provenientes de una misma fuente de tal manera que se
garantice que los vasos sean de un mismo proveedor y hayan tenido el mismo
tratamiento y uso. Los vasos recolectados estdn contenidos en bolsas de basura
mezclados junto con otro tipo de residuos como vasos de plastico, servilletas y

residuos de comida como leche, café, panecillos, galletas, etc.

Ilustracién 1: Recoleccion de materia prima
Fuente: Adriana Jiménez, 2013

2. Seleccion: En esta etapa de seleccion, se busca que los vasos seleccionados
cuenten con una estructura fisica aceptable, es decir, sin rasgaduras o partes
faltantes, y que el cartén no haya sido penetrado por los mismos elementos
organicos que contuvieron. Una vez los vasos son clasificados de acuerdo a su

tamafo, se procede al proceso de limpieza y lavado.

Tlustracién 2: Seleccion de vasos de cartén
Fuente: Adriana Jiménez, 2013
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3. Limpieza y lavado: Para limpiar los vasos se retira todo el material orgdnico
del mismo y se procede a hacer un rdpido lavado, evitando sumergir el
material el agua para prevenir que el carton absorba el liquido y se deshaga,
arrugue o deteriore. Una vez se han lavado y se ha verificado que cualquier
rastro de material orgdnico se ha eliminado, los vasos se secan y se dejan
reposar en corrientes de viento caliente para que la humedad que haya podido
absorber el carton seque completamente. El lavado se realiza en agua a 18°C
sin utilizar ningin agente quimico adicional, teniendo cuidado de no
sumergir los vasos para evitar que penetre agua en los mismos. Se realiza lo
que comuinmente se conoce como un enjuague rapido durante 30 segundos
proseguido de un secado con toallas de papel para retirar el exceso de
humedad y se finaliza al exponerlos a aire caliente durante 10 minutos para
minimizar el contenido de agua en los mismos. Las ilustraciones a

continuacioén corresponden a cada uno de los pasos descritos.

[lustracién 3: Enjuague de materia prima
Fuente: Adriana Jiménez, 2013

Ilustracion 4: Retiro de exceso de humedad
Fuente: Adriana Jiménez, 2013
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[lustracién 5: Secado final de materia prima
Fuente: Adriana Jiménez, 2013

Corte y acondicionamiento: Los vasos limpios y secos se abren y se remueve
el fondo, los bordes y la linea de unién, dejando asi una ldmina de 0,5
milimetros de grosor lista para ser procesada. Este procedimiento puede
llevarse a cabo utilizando tijeras, bisturi o la herramienta de preferencia,
siempre y cuando pueda utilizarse de manera segura y permita la menor

cantidad de desperdicios posible.

Iustracién 6: Corte y acondicionamiento de la materia prima
Fuente: Adriana Jiménez, 2013

Prensado: Para construir placas, y el nuevo material compuesto, se apilan las
ldminas del la materia prima inicial y se aplica calor directo una a una. Al
aplicar calor y presion sobre cada una de las placas, la ldmina de polietileno,
al aumentar su temperatura, aumenta su viscosidad, lo que permite la
adherencia de cada una de las laminas entre si (Murathan, Murathan, Guru, &
Balbasi, 2007). A cada capa se aplicé presién uniforme a una temperatura de
entre 180°C y 200°C y una presion equivalente a 19 Kg durante 3 minutos

hasta alcanzar espesores promedio de 1cm.
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Se determiné un espesor final de 1 centimetro dado que este un calibre
ampliamente utilizado para diversos materiales en la industria como el MDF,

el corcho, los aglomerados e incluso e Ecopak (Tetra Pak).

Ilustracién 7: Prensado de 1aminas para conformacion de material compuesto
Fuente: Adriana Jiménez, 2013

6. Enfriamiento: Las placas terminadas se dejan enfriar a temperatura ambiente

durante 1 hora en un ambiente poco himedo. Las placas pueden almacenarse

en pilas, en ambientes secos evitando cambios bruscos de temperatura.

[lustracién 8: Enfriamiento de placas de material polimérico laminado
Fuente: Adriana Jiménez, 2013

El proceso de manufactura completo del material polimérico laminado se resume
en la ilustracion 9 a continuacion.
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INICIO PROCESO DE ELABORACION DE PLACA DE
PROTOTIPO POLIMERICO

l

RECOLECCION DE MATERIA PRIMA (VASOS
DE CARTON PARA BEBIDAS CALIE NTES)

|
v

SELECCION DE VASOS —»

|
!

LAVADO, LIMPIEZA, SECADO ¢———Sl

|
v

CORTEY
ACONDICIONAMIENTO

CUMPLEN CON LOS

ESTANDARESFisicosy V0> DISPOSICION

v

PRENSADOA 200°C ——— > HANPASADO 3 MIN?

ENFRIAMIENTO < St

[lustracién 9: Diagrama de flujo de manufactura de material compuesto
Fuente: Adriana Jiménez, 2013

El proceso de construccién del nuevo prototipo permite la utilizacién de las
ldminas de los vasos de cartén sin ejecutar ningliin proceso mecanico adicional o la

inclusion de pegamentos o material polimérico.

El material resultante se clasifica como un compuesto polimérico laminado.
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7 IDENTIFICACION DE PROPIEDADES FiSICAS
Para identificar las propiedades fisicas del prototipo de material, se selecciona un
set de pruebas fisicas que permitan obtener un panorama de la estructura y
caracteristicas inherentes a la composicion particular del prototipo de material propuesto
y su interaccién y comportamiento ante los elementos en condiciones especificas de

especial interés para variadas aplicaciones.

Las pruebas fisicas se desarrollan de acuerdo a las normas internacionales ASTM
para proveer un marco experimental legitimo y parametrizado. Teniendo en cuenta que
el prototipo es considerado un compuesto polimérico, se hard referencia a las normas
dispuestas para polimeros y sus compuestos. Sin embargo, para aquellas pruebas para
las que no se cuenten con los equipos, recursos o condiciones necesarias para lleva a
cabo la prueba de acuerdo al estdndar, se recurrird a la teoria de tal manera que se
obtengan resultados de referencia que permitan una aproximaciéon. El numero de
probetas, las condiciones ambientales y demds consideraciones se encuentran

consignadas en cada una de las normas mencionadas para cada prueba

7.1 ABSORCION DE AGUA
La prueba de absorciéon de agua, considerada una prueba himeda, puede dar
indicios de la estabilidad del material en ambientes altamente himedos o que impliquen
un contacto directo con el agua y de su aptitud para su posible utilizacién en diversas

aplicaciones.

Las pruebas de absorcion de agua siguen los lineamientos descritos en la norma
ASTM D570-98. El objetivo de la prueba es evaluar el cambio dimensional causado por
la absorcién de agua, y cualquier otro cambio subsecuente. Como alli se consigna, la
prueba de absorcion de agua se realiza sumergiendo las probetas en agua destilada a
23°C + 2°C y a una humedad relativa de 50% =+ 10. La cantidad de liquido absorbido es

determinado al medir el cambio en la masa de cada muestra.

El ndimero, las dimensiones y los acabados de las probetas se establecieron a
partir de las secciones 5.3 y 6.1 de la norma, y para su mecanizado final se siguieron los

lineamientos descritos en la seccidén 5.6 de la misma.
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Las probetas cuentan con unas dimensiones de 76.2 mm de largo, 25.4 mm de
ancho y 10 mm de profundidad y fueron cortadas de su placa inicial utilizando un laser
CO2. Dado el efecto del laser, los bordes, aunque precisos, retienen una coloracion
oscura que debe ser removida utilizando lija fina a baja velocidad para evitar el
calentamiento de los bordes y del material polimérico y asi prevenir la alteracion de las
propiedades y estructura del mismo. Una vez debidamente mecanizadas, las probetas se
limpian con un pafio seco no abrasivo para remover cualquier material particulado o

sustancia que pueda afectar los resultados.

Dado el alto porcentaje de contenido celuldsico del material, se selecciond el

método de inmersion de 24 horas descrito en la seccion 7.1 de la norma.
Par la ejecucion de este experimento se utilizaron los siguientes implementos:

1. Mufla Barnsetad thermolyne de control digital a 23°C, utilizada para
garantizar el ambiente de prueba.

Contenedor de vidrio de 2 L de capacidad

Agua destilada a 23°C

Termémetro de vidrio

A

Pesa analitica Sartorius referencia CP224s con precisiéon de hasta 0.1 mg

utilizada para la precisa medicién de los pesos iniciales y finales de las

probetas.

6. Calibrador pie de rey digital para medir las dimensiones iniciales y finales de
las probetas.

7. Maéaquina de gravado y corte ldser CO2 marca Epilog para el corte de las

probetas

8. Lija 80, 400 y 1000 para el acondicionamiento final de las probetas

Una vez mecanizadas y acondicionadas, y siguiendo las indicaciones de la
seccion 7.1 de la norma, las probetas son medidas y pesadas para registrar las
condiciones iniciales y luego se sumergen en el recipiente con agua destilada a 23°C
durante 24 horas. Para asegurar la estabilidad de la temperatura durante la duracién de la

prueba, se utilizé una mufla de control de temperatura digital para alojar el recipiente.
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Una vez en el recipiente, debe asegurarse que, aunque floten, las probetas deben estar

cubiertas en su totalidad por el liquido.

@CIO PROCESO DE PRUEBA DE ABSORCION DE AG@

A

MECANIZADO Y CORTE DE PROBETAS EN LASER C02 A
PARTIRDE LAS PLACAS DEL PROTOTIPO DE MATERIAL

A 4

ACONDICIONAMIENTO Y LIMPIEZA DE LAS
PROBETAS

A

MEDICION DE CONDICIONES INICIALES DE LAS
PROBETAS (DIMENSIONES Y PESO)

A

INMERSION DE LAS 3 PROBETAS EN AGUA
DESTILADA A 23°C DURANTE 24 HORAS

A

REMOSION DE PROBETAS DEL RECIPIENTE CON
AGUADESTILADA'Y SUBSECUENTE SECADO

A

MEDICION DE LAS CARACTERISTICAS DIMENSIONALES
DE LAS PROBETAS (PESO Y DIMENSIONES)

A

REGISTRO DE RESULTADOS Y CALCULO DE PORCETAJE DE
ABSORCION DE AGUA

FIN

[ustracién 10: Diagrama de flujo de prueba de absorcién de agua
Fuente: Adriana Jiménez, 2013
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Promedio peso inicial | Peso post-inmesion | % absorcién/cambio
Peso Inicial (gr) 13,6860 19,6749 43,76%
Largo (mm) 74,8500 75,06 0,28%
Probeta 1
Ancho (mm) 24,8600 25,11 1,01%
Alto (mm) 9,5100 12,67 33,23%
Peso Inicial (gr) 13,6868 18,5674 35,66%
Largo (mm) 75,8800 76,99 1,46%
Probeta 2
Ancho (mm) 24,8800 25,06 0,72%
Alto (mm) 10,2100 12,5 22,43%
Peso Inicial (gr) 12,4854 17,9544 43,80%
Largo (mm) 74,7400 75,49 1,00%
Probeta 3
Ancho (mm) 23,5000 23,68 0,77%
Alto (mm) 10,5500 13,26 25,69%

Tabla 1: Resultados prueba de absorcion de agua

Adicional a los cambios evidenciados en las dimensiones y el peso de las
probetas luego de las 24 horas de inmersion en agua destilada bajo las condiciones ya
descritas, se observa un tinte particular del agua que las contenia. El agua que en un
comienzo era cristalina, ahora, aunque no turbia, como se evidencia en la Ilustracién 3,
tiene una leve coloracion de color café. Sin ninguna desintegracion evidente o aparente
de las probetas, se desconoce si esto es resultado de residuos organicos remanentes del
café que en su momento contuvieron los vasos o si corresponde a la liberacién de

pigmentos utilizados para la impresion digital de los mismos.

ustracién 11: Coloracién de agua en prueba de absorcién de agua
Fuente: Adriana Jiménez, 2013

Luego de una examinacion fisica de las probetas, se observa que a pesar de los
cambios dimensionales de las mismas, las uniones entre las capas del laminado se
mantienen aunque no se puede dar fe de su estabilidad o fuerza. No se evidencian

roturas, grietas o alguna anomalia en la superficie de las muestras.
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7.1.1 Analisis de resultados

Dados los altos indices de absorcion de agua obtenidos para las tres muestras, es
importante considerar aplicaciones dentro del drea de la construccion en ambientes sin
niveles excesivos de humedad o que impliquen un contacto directo con el agua o

liquidos en general.

Para proporcionar un marco de referencia, a continuacion se presenta un cuadro

comparativo de materiales en el area de la construccion,

Material % Absorcion de agua (24h)
15

35-43

20-75

Tabla 2: Comparacion de porcentaje de absorcion de agua de 3 materiales 2

El Durock, una ldmina de cemento utilizada como respaldo para baldosas,
presenta mejores caracteristicas de impermeabilidad que el material prototipo laminado,
mas este dltimo, a su vez, puede llegar a ser menos permeable que la madera

aglomerada. Los

Los valores comparados se obtuvieron, aunque bajo distintas normas, en

términos de tiempo de inmersion de 24 horas.

7.2 IGNICION
Para hacer una primera aproximacion a las propiedades de resistencia al fuego
del prototipo, se realiza la prueba de ignicion que permite evaluar la facilidad de

ignicion y la rata de propagacion de la llama.

La facilidad con la que se enciende un material es critico al momento de evaluar

que pasa en el momento en que el material entra en contacto con el fuego.

La rata a la que se propaga el fuego en el material, aunque también depende del

ambiente en el que se esté desarrollando la prueba, estd influenciado en gran manera por

? Los datos de los materiales obtenidos fueron extraidos utilizando la base de datos de materiales en lines
wwww.matweb.com
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el material. En esta prueba, se observa el tiempo que demora una llama en viajar una

distancia de una superficie dada.

Las pruebas de ignicion se llevan a cabo siguiendo los lineamientos descritos en
la norma internacional ASTM D635. La norma describe el montaje, las condiciones
ambientales, las dimensiones de las probetas y los comportamientos a observar durante

la ejecucion de la prueba.

Las dimensiones de las 3 probetas, como se especifica en la seccién 7.2 de la
norma, son 125 mm de largo por 13 mm de ancho y con un espesor de 10 mm.
Siguiendo las instrucciones del montaje en el apartado 9 de la norma, se hacen las
marcas visibles a los 10 cm y 2 cm a lo largo de la probeta y se procede a ejecutar el
montaje. Las muestras son sostenidas horizontalmente utilizado una mordaza mientras
se ubica en el extremo opuesto a una llama azul de gas propano de 2 cm de alto a un
angulo de 45°. La prueba debe ejecutarse dentro de una cdmara de pruebas que bloquee
cualquier corriente de aire y en general permita que las condiciones de temperatura,

15°C a 35°C, y humedad relativa, 45% a 75 %, puedan mantenerse y garantizarse.

Para dar cumplimiento a los requerimientos descritos por la norma para la

ejecucion de la prueba, se utilizaron los siguientes implementos.

1. Medidor de condiciones ambientales para temperatura y humedad relativa
2. Calibrador pie de rey digital para medir las dimensiones iniciales y finales de
las probetas.

3. Cé&mara de pruebas de 0,5 m3 de capacidad aproximadamente

4. Pipeta de gas propano

5. Mordaza

Las probetas fueron mecanizadas y acondicionadas siguiendo los mismos
procedimientos descritos en la seccidon de absorcién de agua; se utilizé el mismo sistema

laser para su corte en lo que respecta al sistema laser y lija suave para su terminado.

Una vez concluido el montaje, se procede a ejecutar la prueba bajo las

condiciones ya expuestas. Una vez colocada en la posicion indicada, el extremo suelto
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de la muestra es expuesto durante 30 segundos a la llama. Desde el momento en que se
inicia la prueba debe prestarse especial atenciéon a las caracteristicas de la llama,
comportamiento de la propagaciéon de la misma en el material, comportamiento del
material y el tiempo que tarda en el que este tarda consumirse o en el que la llama
alcanza la marca de los 10 cm. El diagrama de flujo en el Diagrama 3 detalla las etapas

de la prueba de ignicion

< INICIO PROCESO DE PRUEBA DE IGNICION )

MECANIZADO Y CORTE DE PROBETAS EN LASER C02 A
PARTIRDE LAS PLACAS DEL PROTOTIPO DE MATERIAL

h 4

ACONDICIONAMIENTO Y LIMPIEZA DE LAS
PROBETAS

A

MEDICION DE CONDICIONES INICIALES DE LAS
PROBETAS (DIMENSIONES)

A

PREPARACION DE MONTAJE EN LA
CAMARA DE PRUEBAS (T° de 15°Ca 35°Cy
humedad relativa de, 45% a 75 %

A

EJECUCION DE LA PRUEBA - EXPOSICION
APLICACION DE LLAMA DURANTE 30 SEGUNDOS

h 4

CONTABILIZAR EL TIEMPO EN QUE TARDA EN CONSUMIRSE LA PROBETA
DEL MATERIAL Y EN EXTINGUIRSE LA LLAMA DEL TODO. OBSERVACION
DE LA EVOLUCION DE LA PRUEBA Y PARTICULARES DE LA MISMA

FIN

[lustracién 12: Diagrama de flujo de prueba de ignicion
Fuente: Adriana Jiménez, 2013
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Luego de la exposicion a la llama durante 30 segundos se observa que el material
se enciende generando una llama amarilla y humo blanco. Una vez retirada la llama, el
material extingue su llama en aproximadamente 4 segundos (Diagrama 5), mdas la
combustidén no acaba en su totalidad pues se aprecia una continua emision de humo y

puntos de ignicién adn activos (Diagrama 6).

Tlustracién 13: Extincion de llama
Fuente: Adriana Jiménez, 2013

[lustracién 14: Puntos de ignicién
Fuente: Adriana Jiménez, 2013

7.2.1 Anailisis de resultados
La tabla 4 resume los tiempos de extincién observados para las 3 muestras. El
tiempo aqui registrado inicia desde el momento en que se retira la llama hasta cuando se

extingue por completo el material y no se observan humo ni puntos de ignicion.
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Tiempo extincion llama (seg) 8 5 7 6,67

Tiempo total extincion completa (seg) 208 292 235 245,0

Tabla 3: Resultados prueba de ignicién

Luego de retirar la fuente de calor externa, la llama, se observa que la llama en el
material tiende a desaparecer en un periodo promedio de 6,67 segundos y en total se
auto extingue en un tiempo promedio de 4 minutos y 5 segundos. Se observa en este
periodo de tiempo que a medida que se consume lentamente el material su
desintegracion se hace capa a capa y en la medida en que cada capa estuvo mas expuesta
a la fuente de calor, asi mismo también se enciende y desintegra. Este efecto retardante
hace que el fuego no se propague transversalmente entre las capas del material. Como se
puede observar en el Diagrama 6, las capas inferiores, con una aparente mayor

exposicion a la llama, se despegan del resto de la probeta y se consumen por separado.

Ilustracion 15: Probeta luego de prueba de ignicién
Fuente: Adriana Jiménez, 2013

Aunque estas primeras capas superaron la marca de los 2.5 centimetros, las
muestras en general muestran que escasamente se alcanz6 a quemar, mas no a consumir,
menos de un centimetro de la probeta y no se observa una propagacion del fuego luego

de que se retira la fuente de fuego externa.

De acuerdo con los resultados obtenidos y considerando la categorizacion
propuesta en la norma, que también hace referencia la clasificacién internacional UL 94

que clasifica a los materiales de acuerdo a su inflamabilidad, se determina que el
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comportamiento del material puede ser clasificado como HB (Horizontal Burning) dado
que la llama no sobrepasa la marca de los 2.5 centimetros. Los materiales en esta

categoria se consideran autoextintores.

7.3 DENSIDAD
Determinar la densidad del material permite de alguna manera observar como un
material interactuard con otros, en ambientes liquidos o en ciertas condiciones

ambientales.

En esta oportunidad determinaremos la densidad del material teniendo en cuenta los
conceptos tedricos al respecto y haciendo uso de algunos elementos para determinar las

variables.

La densidad se define como la masa por unidad de volumen, y se expresa con la

letra griega rho, como se indica en la ecuacién

I
p=—
EI

Ecuacién 2: Férmula de densidad

Para determinar la densidad del material de forma experimental, como se detalla
en la Ilustracién se cuenta con tres muestras representativas del material, las cuales son
pesadas en una balanza digital para determinar su masa. Teniendo en cuenta el alto
porcentaje de absorcion de a agua de este material, cada muestra es recubierta con una
fina capa de material impermeable (esmalte) de tal manera que al ser sumergidas en
agua la medida de volumen desplazado sea lo mds acertada posible. Para determinar el
volumen, cada probeta es sumergida en agua destilada (con densidad 1 gr/cm3) y se
registra el volumen de liquido desplazada, que en este caso corresponderd al volumen

del espécimen.



( INICIO PROCESO DE DENSIDAD >

MECANIZADO Y CORTE DE PROBETAS EN LASER C02 A
PARTIRDE LAS PLACAS DEL PROTOTIPO DE MATERIAL

v

ACONDICIONAMIENTO Y LIMPIEZA DE LAS
PROBETAS

A

PESAR PROBETA EN BALANZA DIGITAL PARA
OBTENR MASA

A

SUMERGIR PROBETA EN AGUA DESTILADA
Y REGISTRAR EL VOLUMEN DESPLAZADO

FIN

[lustracién 16: Diagrama de flujo prueba experimental de Densidad

Los resultados para las tres probetas se detallan en la Tabla 4 a continuacién:

Probeta | masa (gr) dess(:;l;?g?cms) Densidad (gr/cm?)
1 1,6515 2 0,8258
2 1,5870 1,9 0,835
1,6307 2 0,8154
0,825

Tabla 4: Resultados densidad experimental
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7.3.1 Analisis de Resultados
La densidad promedio del material es inferior a la del agua; sin embargo, para
presentar un marco de referencia, la tabla a continuacién permite contrastar la densidad

del material prototipo con respecto a otros materiales:

Material Densidad (gr/cm?)
Balso 0,160
Ecoplak (aglomerado Tetra pak) 0,600
Material prototipo laminado 0,825

Tabla 5: Tabla comparativa de densidades’

El material prototipo puede llegar a ser mas denso que algunos tipos de maderas
e incluso que el Ecoplak, que es material polimérico compuesto particulado fabricado a

partir de desechos de empaques Tetra Pak.

* Los datos de los materiales obtenidos fueron extraidos utilizando la base de datos de materiales en linea
www.matweb.com
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7.4 PRUEBAS MECANICAS
Las pruebas mecdnicas son especialmente importantes si se quiere hacer una

evaluacion del comportamiento del material bajo carga mecanica o deformacion.

7.4.1 TENSION

La prueba de tensiéon permite predecir el comportamiento del material bajo una
carga. Puede identificarse que tan fuerte y rigido es el material al evaluar su
deformacién o punto de rotura bajo estrés. El objetivo principal de esta prueba es
determinar la rigidez del material por medio del médulo de Young de tal manera que se

tenga una idea de cual podria ser el comportamiento del material bajo carga.

La prueba tedrico-experimental aqui desarrollada busca proveer una
aproximacion a la identificacién de las propiedades de tensién asociadas al material
prototipo. Aunque las probetas cumplen con las exigencias descritas en la norma D638-
10 en su apartado 6, con las dimensiones generales ilustradas en el Diagrama 17, la
obtencion de los resultados finales se lleva a cabo mediante un montaje experimental
(Diagrama 18) que permita la aplicacion de cargas a las probetas mientras se evalda el
efecto que estas tienen en deformacién o rotura. El registro de la informacion que esto
arroja permitird graficar el comportamiento del material bajo carga y asi extraer el

modulo de Young o médulo de elasticidad longitudinal.

17,61 mm
13,00 mm

164,85 mm ‘

Ilustracién 17: Dimensiones de probeta para prueba de tension
Fuente: Adriana Jiménez, 2013
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[lustracién 18: Montaje para prueba de tension
Fuente: Adriana Jiménez, 2013

El mecanizado y acondicionamiento de las probetas se lleva a cabo utilizando la
misma metodologia aplicada para las muestras utilizadas en previas secciones y se
establecieron tres sets de probetas de diferentes grosores de tal manera que se pueda
evaluar como el nimero de capas en el material prototipo incide en las propiedades de

tension.

Para la ejecucion de la prueba experimental se cuenta con los siguientes

implementos:

1. Comparador de caratula con precision de 0,01 milimetros que permite medir
variaciones de mediciones, en este caso del desplazamiento o elongacién de las
probetas bajo prueba.

2. Montaje para la ubicacion de probetas y carga de pruebas

3. Calibrador pie de rey para medicion de las dimensiones de las probetas.

En términos generales, el procedimiento consiste en aplicar una carga creciente a
un espécimen o probeta de tal manera que los cambios dimensionales causados por
dicha carga se puedan registrar hasta que se produzca la falla del material. Los cambios
en la deformacion del material son luego graficados y analizados de tal manera que

pueda obtenerse el médulo de Young. En el montaje utilizado las probetas son sujetas
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por unas mordazas y la carga es aplicada utilizando una relaciéon de distancias. Los
micro o macro desplazamientos progresivos son registrados por un comparador de
caratulas hasta que se produce la falla. Las distancias a las cuales se ubican cada uno de
los elementos del montaje son cuidadosamente registrados para realizar el cdlculo de las

relaciones en el momento de hacer el analisis final.

( INICIO PROCESO DE PRUEBA DE TENSION >

A

MECANIZADO Y CORTE DE PROBETAS EN LASER CO2 A
PARTIRDE LAS PLACAS DEL PROTOTIPO DE MATERIAL

A

ACONDICIONAMIENTO Y LIMPIEZA DE LAS
PROBETAS

A

PEPARACION DEL MONTAJE EXPERIMENTAL PARA
PRUEBAS DE TENSION

A

SUJECION DE PROBETA CON MORDAZAS

A
APLICACION DE CARGA CRECIENTE Y MEDICION
DE LOS CAMBIOS DE ELONGACION
REGISTRADOS EN EL COMPARADOR DE
CARATULAS

\ 4

ROTURA O FALLA DEL MATERIAL BAJO UN FUERZA ESPECIFICA

FIN

[lustracién 19: Diagrama de flujo prueba de tension
Fuente: Adriana Jiménez, 2013

El procedimiento se llevé a cabo para tres tipos de probetas con diferentes

espesores, es decir, con diferente nimero de capas, esto con el fin de establecer si este

factor tiene alguna incidencia significativa en la elasticidad del material.
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A partir de una gréfica de esfuerzo vs. deformacién es posible deducir el médulo
de Young si se extrae la pendiente de la porcidn eléstica de la misma, dado que en esta
seccion la deformacion es relativamente proporcional al esfuerzo (Wilson & Buffa,

2003).

El médulo de Young para cada probeta se obtuvo siguiendo el procedimiento
descrito en el Anexo 1, en donde por medio de un método grifico y cifiéndose a la
teoria, se obtiene la constante de elasticidad. La ilustracién 20 resume graficamente los
resultados obtenidos para cada una de las probetas. Las gréficas corresponden al sector
elastico de la curva de esfuerzo vs. deformacion dado que por las limitaciones del

montaje experimental no fue posible alcanzar el sector pléstico o el punto de rotura.

CURVAS ESFUERZO/DEFORMAClON

__ 4000000 ———PROBETA 7
& 3000000 -

e ———PROBETA 6
O 2000000

N 1000000 a0 ——PROBETA 5
L 0 ———PROBETA 4
7 0 0,005 0,01 0,015 PROBETA 3
w DEFORMACION PROBETA 2

Mustracién 20: Grafica comparativa de curvas Esfuerzo/Deformacion
Fuente: Adriana Jiménez, 2013

De acuerdo al procedimiento propuesto y partiendo de las graficas obtenidas, se

tiene que el médulo de Young para cada una de las probetas es el siguiente:

Probeta | Numero de capas Médulo de Young € (MPa)
0 2 70

1 2 90
2 4 60
3 6 30
4 4 70
5 4

6 6

70
40

7 6 30
Tabla 6: Médulo de Young por probeta de acuerdo al nimero de capas
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7.4.1.1 Anadlisis de resultados
A pesar de la aparente diferencia que existente entre los médulos de Young para

cada uno de los grupos de probetas, es necesario realizar un andlisis mds acertado que
permita evaluar con mayor certeza si el nimero de capas incide en la rigidez del

material.

Por otro lado, es importante notar que debido a la misma naturaleza del montaje
experimental, un considerable nivel de error estard inherentemente asociado a los
resultados. Es decir, por ejemplo, no es posible determinar en este momento que
porcentaje de la elongacion registrada corresponde a la probeta del material y que otra a
la deformacién de las mordazas o de las mismas barras metdlicas que sostienen los
pesos. Sin embargo, los rangos reportados si pueden servir como una primera

aproximacion a la evaluacion de la rigidez del material.

Para el desarrollo del andlisis experimental, se pretende determinar si el factor, el
modulo de elasticidad del material, se ve afectado por los niveles, en este caso el
nimero de capas del material. En este caso, sin embargo, solo se pretende determinar si
las capas inciden o no en las propiedades de tension del material, mas no en qué grado o
de qué manera lo hace. Los tres niveles, determinan el nimero de capas de cada grupo
de probetas. Se determinan 2k nimero de capas: 2 capas, 4 capas y seis capas. La
hipétesis que se quiere corroborar es que el nimero de capas, los tres niveles, no tienen
incidencia alguna en el factor el factor o médulo de elasticidad. La verificacion aqui

planteada se llevard a cabo por medio de un andlisis ANOVA.

El andlisis estadistico ANOVA de un factor permite evaluar como un factor, el
nimero de capas, incide en la rigidez del material. La secuencia de operaciones para
obtener los resultados del analisis se llevan a cabo utilizando herramientas de Excel,

cuyos resultados se presentan en la siguiente tabla.

0rig.en .de las Suma de Glzados de Promedio F Prob. Valor Critico
Variaciones Cuadrados libertad Cuadrados
Entre grupos 3016.6667 2 1508.3333 22,625 0,00312 5.78613504
Dentro de los grupos 333.3333 5 66.6667
Total 3350 7

Tabla 7: Resultados analisis ANOVA de un solo factor
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El anélisis ANOVA nos muestra que F, la variacién entre los tres grupos, al ser
mucho mayor que el valor critico, indica que la variable evaluada, en este caso el
nimero de capas en el material, tiene una incidencia en la rigidez del mismo. Por otro
lado, sin querer entrar en detalles en cuanto al grado en que esta variable incide en la
propiedad evaluada, si se tiene que la tendencia de los valores de elasticidad observados,
va al descenso. Los resultados indican que a mayor nimero de capas, menor es su

modulo de elasticidad.

7.4.2 DUREZA SHORE
La prueba de dureza shore se emplea para medir la resistencia del material a la
penetracion. La escala de dureza shore utilizada para pldsticos en general son la escala A

y la escala C.

La prueba de dureza se ejecuta siguiendo los pardmetros descritos en la norma
ASTM 2240, en donde se describe las condiciones ambientales y de las muestras, junto

con el equipo necesario para ejecutarlas.

Para la ejecucion de la prueba de dureza se dispone de los siguientes

implementos:

- Durémetro shore anédlogo escala A

2013.04.23 10:16

Tlustracion 21: Durémetro Shore A
Fuente: Adriana Jiménez, 2013

- Medidor de humedad y humedad relativa

[lustracion 22: Medidor de humedad relativa y temperatura
Fuente: Adriana Jiménez, 2013
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Siguiendo las indicaciones en el apartado 6.1 de la norma, se disponen muestras
con un espesor de 10 milimetros y se toman mediciones en puntos separados 1.5
centimetros entre si. Las superficies de las muestras deben ser homogéneas, planas y
paralelas entre si y subsecuentemente posicionadas en una superficie estable que permita

la estabilidad de la muestra y el durémetro.

Al momento de realizar la prueba se registré una temperatura de 21.8°, cumpliendo

con el rango establecido en la seccién 8.5 de la norma.

Como también lo indica la norma en la seccién 9.2, una vez posicionada la muestra,
el durémetro es ubicado paralelamente a la superficie de la probeta y se ejerce presion
sobre el mismo durante 1 segundo de tal manera que el in-dentador penetre el material y

se pueda registrar su dureza.

( INICIO PROCESO DE PRUEBA DE TENSION >

A

MECANIZADO Y CORTE DE PROBETAS EN LASER CO2 A
PARTIRDE LAS PLACAS DEL PROTOTIPO DE MATERIAL

A

ACONDICIONAMIENTO Y LIMPIEZA DE LAS
PROBETAS

A

TOMA DE DUREZA SHORE UTILIZANDO DUROMETRO
ANALOGO

FIN

[lustracién 23: Diagrama de flujo prueba de dureza Shore
Fuente: Adriana Jiménez, 2013

Los resultados de dureza shore en escala A para el material se relacionan en la tabla

a continuacién:
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TOMA DUREZA SHORE ESCALA A
1 92
2 94
3 93
4 92
5 91
6 93
7 91
8 93
9 94
10 %4
1 93
12 93
13 92
14 93
15 92
16 91

PROMEDIO 92.56

Tabla 8: Resultados prueba de dureza Shore A

7.4.2.1 Anadlisis de resultados
Con una dureza shore A promedio de 92.56, en la escala de 0 a 100, se puede inferir

que el material prototipo tiende a ser duro. La tabla comparativa a continuacién permite

poner en contexto los resultados obtenidos:

Material Dureza Shore A Dureza Shore D
Caucho - llanta 65 20
Material prototipo laminado 92,56 40
Llanta de patin 100 50
Pelota de Golf 50

Tabla 9: Comparacion de materiales de acuerdo a su dureza Shore A

Dado que los resultados obtenidos se ubican en la zona limite de la escala A, la
norma recomienda ejecutar, en estos casos, la prueba utilizando un durémetro shore en
la escala D. Esta escala se utiliza para polimeros duros y resulta imperativo ejecutarlo

para valores superiores a 95.
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743 IMPACTO CHARPY
La prueba de impacto Charpy permite medir la resistencia del material al impacto

y su comportamiento de fractura. Determinar la fragilidad del material es esencial al

momento de la evaluacion de su aplicacion.

Para la ejecucion de la prueba se siguen los lineamientos descritos en la norma
ASTM D6110-10. Sin embargo, dado la maquina de impacto con la que se cuenta, las

dimensiones de la probeta se ajustan para acomodar dicha mdquina.

Las probetas utilizadas para probar plésticos y sus compuestos tienen dimensiones
de 50 mm de largo, 10 mm de ancho y 10 mm de de alto, con una muesca de 45°. El
mecanizado y acondicionamiento de las probetas se lleva a cabo utilizando los

procedimientos y mecanismos ya utilizados para pruebas anteriores.

Tustracién 24: muesca de 45° en probetas de impacto Charpy
Fuente: Adriana Jiménez, 2013

Tustracién 25: Probeta prueba de Impacto Charpy con muesca de 45° - Transversal
Fuente: Adriana Jiménez, 2013

Para evaluar el comportamiento al impacto del material, teniendo en cuenta su

estructura laminada, se hace necesario evaluar esta propiedad tanto transversal como

longitudinalmente.
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[lustracién 26: Probeta prueba de Impacto Charpy con muesca de 45° - Longitudinal
Fuente: Adriana Jiménez, 2013

Cada una de las 6 probetas es colocada en la maquina de impacto, habiéndose
asegurado previamente que el péndulo estd asegurado, que el medidor esta calibrado y
que las condiciones ambientales cumplen con los pardmetros especificados en la seccion

9.3 de la norma.

CN ICIO PROCESO DE PRUEBA DE IMPACTO CHARPD

A

MECANIZADO Y CORTE DE PROBETAS EN LASER CO2 A
PARTIR DE LAS PLACAS DEL PROTOTIPO DE MATERIAL

\

ACONDICIONAMIENTO Y LIMPIEZA DE LAS
PROBETAS

A

COLOCAR PROBETA EN MAQUINA DE IMPACTO

A

SOLTAR CARGA DEL PENDULO

A

REGISTRO DE RESUKLTADOS

FIN

Ilustracién 27: Diagrama de flujo prueba de Impacto Charpy

Fuente: Adriana Jiménez, 2013
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Las pruebas se realizaron en condiciones ambientales de 21,8°C y 56% de

humedad relativa. Las tablas a continuacién detallan las dimensiones de cada probeta y

los resultados del esfuerzo de impacto sobre las mismas:

Probeta Alto Largo Ancho Esfuerzo de Impacto (J)

1 9,79 55,89 10,12 3,2

2 9,59 56,19 10,17 3,2

3 10,11 56,32 10,12 3

4 9,76 56,04 9,97 3,9

5 9,97 56,34 10,24 3.1

6 10,02 56,17 10,04 3,8

Tabla 10: Esfuerzo de impacto por probeta - Transversal

Probeta Alto Largo Ancho Esfuerzo de Impacto (J)

1 10,08 53,10 9,63 2,7

2 10,07 56,03 9,65 2,1

3 9,99 56,09 9,83 3

4 10,10 56,12 9,82 2,8

5 9,89 55,91 9,52 2,7

6 10,12 56,24 9,92 2,6

Tabla 11: Esfuerzo de impacto por probeta - Longitudinal

7.4.3.1 Anadlisis de resultados
Una vez realizadas las pruebas con cada una de las probetas, los resultados en

Nm son registrados y posteriormente llevados a J/m? para determinar el esfuerzo de

impacto. Para establecer este valor, se halla la relacion entre el area transversal de la

probeta muescada y el esfuerzo de impacto en Julios (1 Nm =1 1J).

Probeta Area transversal (cm?) Esfuerzo de impacto (J) Esfuerzo de impacto (J/cm?)
1 0,75 2,7 3,60
2 0,75 21 280
3 0,75 3 4,00
4 0,75 2,8 373
5 0,75 2,7 3,60
6 0,75 2,6 347
PROMEDIO 3,53

Tabla 12: Resultados esfuerzo de impacto (J/cm?) - Longitudinal
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Probeta Area transversal (cm?) Esfuerzo de impacto (J) | Esfuerzo de impacto (J/cm?)
1 0,75 32 427
2 0,75 32 427
3 0,75 3 4,00
4 0,75 3,9 5,20
5 0,75 3,1 413
6 0,75 38 507
PROMEDIO 4,49

Tabla 13: Resultados esfuerzo de impacto (J/cm?) - Transversal

Para colocar en contexto los resultados encontrados, la tabla a continuacién

detalla los esfuerzos de impacto para otros materiales:

Material Esfuerzo de impacto (J/cm?)
Fibrolon® P 7550 0,330
Material prototipo laminado 4,49
Acrilico extruido 0.200 - 0.800
Policarbonato moldeado 0.900 - 2.30

[lustracién 28: Tabla comparativa de esfuerzo de impacto para diferentes materiales

El comportamiento del material para cada una de las orientaciones probadas fue
especifico y particular. En el caso de las probetas longitudinales, se observa un punto de
quiebre en la seccién muescada, donde las fibras del cartén claramente ceden ante el
impacto mientras las junturas entre capas no presentan ninguna deformacion aparente,

tal como lo muestra la [lustracién 14.

Iustracién 29: Detalle punto de quiébfé prueba de impacto longitudinal.
Fuente: Adriana Jiménez, 2013
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Las probetas transversales exhiben un comportamiento diferente y ninguna
probeta mostré un punto de quiebre. Sin embargo, una inspeccién cercana da evidencia
del efecto que el impacto tiene en la muestra. Tal como se muestra en la [lustracion 15,
bajo un impacto transversal, las fibras resultan mads resistentes y las uniones de
polietileno parecen absorber la energia del impacto, por lo que se hace evidente la

separacion inter-capas luego del impacto.

3 IR
[lustracién 30: Detalle probeta post prueba de impacto transversal
Fuente: Adriana Jiménez, 2013
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8 ANALISIS Y PROPUESTA DE APLICACION

8.1 VARIABLES PARA LA MANUFACTURA
Los resultados obtenidos en las pruebas proveen un esquema de caracterizacion que
permite visualizar holisticamente los atributos del material para su subsecuente

evaluacion.

Los cuadros de Ashby proveen una vision mas amplia y sencilla de contextualizar el
material de acuerdo a sus propiedades. El diagrama grafica la densidad vs médulo de

Young para varias familias de materiales.
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Ilustracién 31: Cuadro de Ashby Densidad - Médulo de Elasticidad Modificado
Fuente: Michael Ashby, [Imagen en linea], obtenido de http://develop3d.com, 2013

El area roja resaltada en el gréafico representa el drea que de acuerdo con los
resultados de las pruebas de tension y densidad ocuparia el material prototipo compuesto
polimérico. Para dicha ubicacién, se toman los valores de la densidad en kg/m3 y el
moédulo de elasticidad, o médulo de Young, en GPa, y se ubica su punto de interseccion

en el gréfico.
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Esta grafica permite una comparacion directa con otros materiales, especialmente
en el momento de seleccionar un material para el desarrollo de aplicaciones o productos.
El material puede llegar a contar, por ejemplo, con mejores propiedades eldsticas que
algunos elastomeros y compuestos de madera y menos denso que otros polimeros y

maderas.

Los gréaficos de Ashby son una herramienta ttil para quienes tienen como tarea el
disefio de un producto. Teniendo en cuenta las caracteristicas del producto y sus
aplicaciones, el disefiador sabrd con que caracteristicas y propiedades debe contar el
material con el que lo fabrique. Es asi que, una vez cuantificada esa necesidad o
caracteristica, el disefador buscard el material utilizando las graficas de Ashby, por

ejemplo, para encontrar el material ideal.

Para la fabricacion del material a nivel industrial se deben tener en cuenta las

siguientes variables

Variable Valor
Temperatura de prensado 180°C - 200°C
Presion de prensado Equivalente a 19 Kg
Tiempo de prensado 3 minutos por capa
NUmero de capas (lamina de 1 ¢cm) 20
Temperatura ambiente (&rea de procesamiento) 18°C - 23°C

Tlustracion 32: Variables de manufactura

Teniendo en cuenta los resultados obtenidos para las pruebas ejecutadas, se
considera que el material prototipo compuesto puede ser utilizado en aplicaciones bajo

las siguientes condiciones:

- Condiciones que no involucren ambientes altamente himedos o de contacto
directo con agua o liquidos en general.

- En paneles para insolacién que en caso de una conflagracién no propague el
fuego o coadyuve a su extincion.

- Péneles de insolaciéon con rigidez y dureza adecuados pero al mismo tiempo

provean un valor agregado por su peso ligero.
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En el mercado de la construccion se buscan materiales econdmicos, livianos y con
las caracteristicas Optimas para la creacion de ambientes eficientes, pero también
seguros, que reemplacen materiales costosos o poco efectivos. Algunas aplicaciones
tentativas, en este sector, para el material prototipo son cielo raso o péneles de

insolacion.

Los cielo raso, o cominmente llamados techo falso, requieren resistencia al fuego,
que no se pandeen y que sean livianos; en términos técnicos, se requiere que tengan alta
rigidez, bajo peso y densidad y alta resistencia a la propagacion del fuego. En estos tres

frentes, el prototipo de material polimérico compuesto cumple con los requerimientos.

El sector automotriz requiere de materiales compuestos para la fabricacion de
partes y rellenos en los automdviles (Mohammad, 2007). Se buscan para estas
aplicaciones materiales de alta resistencia al impacto y livianos, de tal manera que
coadyuven a las condiciones aerodindmicas del vehiculo. Los péneles del material
polimérico compuesto pueden ser tentativamente ubicados como relleno, por ejemplo,

dentro de las puertas.
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9 CONCLUSIONES Y RECOMENDACION

El estudio y anélisis de las propiedades de la materia prima base para la elaboracién
de un producto es primordial para establecer los procedimientos con los cuales se
elaborard el mismo. Las propiedades encontradas asi mismo pueden dictar en cierto
grado las propiedades con las que contard el material compuesto final. Los componentes
en los vasos de carton para bebidas calientes cubiertos por LDPE, papel de pulpa virgen
y una pelicula de LDPE, proveen propiedades como dureza, resistencia a la deformacién
y capacidad de mantener su forma original bajo estrés, asi como impermeabilidad y
conservacion de la temperatura. La ley de las mezclas determina de que manera cada
una de estas caracteristicas estdn presentes en el material polimérico compuesto

laminado final.

La seleccion del método de manufactura del material polimérico compuesto se
realiza de acuerdo a los recursos tecnoldgicos disponibles y las ventajas y desventajas de
cada una de las opciones evaluadas. Bajo estas premisas, se determina que el material se
estructurard como un compuesto polimérico laminado, manufacturado mediante la
incorporacion de presion y calor de tal manera que las peliculas de LDPE presentes en
cada capa actien como adhesivo. El proceso de elaboracion propuesto muestra cada una
de las etapas, desde la recolecciéon de la materia prima, hasta la conformacién del
material compuesto polimérico laminado y las variables que deben cuidarse en el

mismo.

Las pruebas fisicas seleccionadas, incluyendo las pruebas mecdnicas, proveen un
esquema generalizado de las propiedades del material polimérico compuesto laminado.
Las pruebas seleccionadas, densidad, ignicidn, absorcion de agua, tensidn, impacto y
dureza, permiten identificar caracteristicas puntuales dentro de un marco mucho mas
amplio en lo que corresponde a las pruebas para la caracterizacion de materiales. Las
pruebas se realizaron utilizando como parametros principal la normatividad ASTM
internacional para polimeros y sus compuestos, cuyas normas dictan las condiciones de
prueba, el nimero de probetas, el procedimiento a seguir y consideraciones especiales.
Las pruebas se realizan utilizando los equipos de pruebas disponibles en los laboratorios

de la Universidad EAN y haciendo uso de montajes experimentales que permiten la
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aplicacion de teorias y conceptos en ciencias bdsicas para obtener datos concretos en

cuanto a las propiedades fisicas del material.

Las aplicaciones propuestas, soportadas por los resultados de las pruebas fisicas,
ponen en evidencia el propdsito del prototipo de material polimérico. El material
desarrollado puede tener aplicaciones en el sector constructor o en el automotriz.
Adicionalmente, una vez contando con la ubicacién del material en una gréafica de
Ashby, este nuevo material se hace visible para el disefio de productos de acuerdo a las

necesidades requeridas por los disefiadores.

La normatividad disponible no es suficiente para cubrir nuevos materiales como los
estudiados aqui, mas en estos casos el apoyarse en casos de estudio pertinentes, la teoria
y las ciencias bdsicas, permite la generacién de conocimiento y un marco tedrico-

académico para la caracterizacion de los materiales.

Este primer acercamiento al nuevo prototipo de material polimérico compuesto a
base de vasos de carton para bebidas calientes, aunque sirve como marco de referencia
para futuros proyectos, da cabida a una larga lista de tareas subsecuentes, tales como la
verificacion de la veracidad de la aplicacion aqui propuesta y de la viabilidad
econdmica, tecnologica y de manufactura del mismo material posiblemente a nivel

industrial.

Para que mds proyectos como el aqui presentado se sigan generando en la
Universidad EAN, es importante que se sigan enfocando esfuerzos en la disponibilidad
de tecnologia en los laboratorios, en el entrenamiento hacia los estudiantes en el uso de
los mismos y en la profundizacién en disefio de experimentos y estadistica aplicada

incluso para el control y andlisis de procesos.
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ANEXO No. 1: Procedimiento para calcular el médulo de Young

Por medio de andlisis matematicos y fisicos, se obtienen los valores de fuerza y

distancia necesarios para calcular el médulo de Young.

El médulo de elasticidad, o mds cominmente denominado médulo de Young,
resulta de la relacién, o el cociente, entre la tension y la deformacién del material. Por
medio del andlisis de los datos y las mediciones obtenidas del montaje se obtendran las

gréaficas de tension y deformacion especificas para el material prototipo.

La Grafica 1 muestra la posicion inicial del montaje, indicando las distancias que
deben tenerse en cuenta para la subsecuente cdlculo de las distancias como se muestra

en la Grafica 2.

R
|
|

Grafica 1 Grafica 2

A medida que se afiaden las cargas, el comparador de cardtulas registra la
elongacién x, y por medio de una relacién matemadtica se obtiene y, siendo y la

elongacion real del material:

1 y

a+b B il



Para hallar la carga ejercida sobre la probeta, se realiza un anélisis de torque tal

como se indica en la Grafica 3:

Grafica 3

El sistema funciona como una sumatoria de torques alrededor de un punto

pivote:
0 =ual, — ck;
Donde:
Fs5 = gmg (g = gravedad)

chi

(L

F, =

Una vez se cuenta con la fuerza ejercida sobre la probeta se calcula la tension

sobre la misma teniendo en cuenta el area transversal (A):

L F
T_A

Utilizando Excel, se grafica los resultados de tensiéon vs. Deformacion,
incluyendo una linea de tendencia y su ecuacion. El gréifica 4 a continuacién ejemplifica

la tabulacién de resultados para la probeta 1:



Gage length (mm) 13.81 0.01381

Espesor (mm) 1.08 0.00108

a (mm) 55

b (mm) 320

¢ (mm) 200

X (mm) 0.12 0.4 0.83 1.2 1.62 212 27
y 0.0176( 0.0586667| 0.1217333 0.176 0.2376| 0.3109333 0.396
y en metros 0.0000176( 5.867E-05| 0.0001217| 0.000176]| 0.0002376| 0.0003109| 0.000396
masa (gr) 820.97 870.97 920.97 970.97 1020.97 1070.97 1120.97
Peso (newton) 8.045506 8.535506| 9.025506| 9.515506| 10.005506| 10.495506| 10.985506
Area (crossectional m) 1.49148E-05

F2 (Newton) 29.25638545| 31.038204| 32.820022| 34.60184| 36.383658| 38.165476| 39.947295
Elongacion 0.000352| 0.0011733| 0.0024347 0.00352| 0.004752| 0.0062187 0.00792
Tensién (Pa) 1961567.4| 2081033.8| 2200500.3| 2319966.7| 2439433.2| 2558899.6 2678366.1

Gréfica 4

La gréfica resultante de la deformacion y tension obtenida resulta en la gréfica 5:

Tension (Pa)

3000000
2500000
2000000
1500000
1000000
500000
0

Tension vs. Deformacion

(Probeta 1)

y =9E+07x + 2E+06

R*=0,9905

Tensidén (Pa)

——Linear (Tensidn (Pa))

0 0,002 0,004 0,006 0,008 0,01

Deformacion

Gréfica 5

De la ecuacién resultante de la linea de tendencia, se tiene la pendiente de dicha

recta es el modulo de Young o médulo de elasticidad. Para este caso especifico de la

probeta 1, el médulo de Young es 90 MPa.
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1. Scope

1.1 This test method covers the determination of the relative
rate of absorption of water by plastics when immersed. This
test method is intended to apply to the testing of all types of
plastics, incloding cast, hot-molded, and cold-molded resinows
products, and both homogeneous and laminated plastics in rod
and tube form and in sheets 0,13 mm {0,005 in.) or greater in
thickness.

1.2 The valwes given in SI onits are to be regarded as
standard. The valoes stated in parentheses are for information
only.

1.3 This signdard does nol purport to address all of the
safety concerns, §f any, asyocigted with iy wse. It i the
resporsibility of the wser of this standard to establish appro-
prigre safety and health proctices and defermine the applica-
bility of regulaiory limilations prior fo e

Nom |—This stendand is equivalent to 5062,

1. Referenced Documents

21 I50 Standard:
IS0 62 Plastics—Determination of Water Absorption®

3. Significance and Use

3.1 This test method for rate of water absorption has two
chief functions: first, as a guide to the proportion of water
absorbed by a material and consequently, in those cases where
the relationships between moistore and electrical or mechanical
properties, dimensions, or appearance have been determined.
s 8 guide to the effects of exposure to water or humid
comditions on such properties; and second, as a control test on
the: uniformity of a prodoct. This second function is partico-
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larly applicable to sheet. rod, and tuwbe arms when the test is
made on the finished product.

3.2 Comparison of water absorption values of various plas-
tics can be made on the basis of values obizined in accordance
with 7.1 and 7.4.

3.3 Ideal diffusion ufliqujdsa into polymers is a function of
the square root of immersion time. Time to satomation is
strongly dependent on specimen thickness. For example, Table
| shows the time to approximate time saturation for varous
thickness of nylon-6.

34 The moisture content of o plastic is very intimately
related to such properties as electrical insulation resistance,
dielectric losses, mechanical strength, appearance, and dimen-
sions. The effect upon these properties of change in moisture
content due to water absorption depends largely on the type of
exposure (by immersion in water or by exposwre to high
humidity), shape of the part. and inherent properties of the
plastic. With nonhomopeneous materials, such as laminated
forms, the rate of water absorption may be widely different
through each edge amd swrface. Even for otherwise homoge-
neous materials, it may be slightly greater through cut edpes
than throogh molded surfaces. Consequently, attempts o
comelate water absorption with the surface area must penerally
be limited to closely related materials and to similarly shaped
specimens: For materials of widely varying density, relation
between water-absorption values on a volume as well as a
weight basis may need to be considered.

4. Apparatos
4.1 Balance—An analytical balance capable of reading
0uoo0t g.

4.2 Chwen, capable of maintaining uniform temperatures of
50 %= 3°C {122 = 5.4°F) and of 105 to 110°C (221 to 230°F).

* Additional Information regasling diBsion of liquids in polymess caa be found
in the Sollowing peferences: (1) DNJusion, Marr Troeqer & Fluld Syrewr, B L
Cussler, Cambridge Universty Press, 1985, AN 0-521-29846-6, (7] D4fusion n
Polymers, I Crank and G. 5. Park, Academic Press, 1968, and {J) “Permealion,
[Hifusion, s Sorption of Ciases ead Yapors.” B. ML Feider and (i 5 Hevand, in
Mhzihodr of Experimental Physics, Vol 160, FI80, Acsdemic Press.
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TABLE 1 Tima o0 Saiuration for Warious Thickness of Mylong Tyem ol Omersom © B Wessond i
Tyl Tirm b2 35 % Spuanar =
Thackremms, rm h Blasrwe 002 mon f20000 N
Waded duk
1 o] Shant rachrwan
@ - Faed wrel chmreainr
=~1-; 1‘;:; Tubm immecle and et domrier, wnd
= = 00 =
. Comditioning
.1 Three specimens shall be conditioned ax follows:
6.1.1 Specimens of malerisls whaose water-shscaption value
5. Test Speci witld be apprecishly affecied by t=mperatures in the neigh-

5.1 The tesd specimen for molded pletics shefl be in the
form of o disk 50.8 mm (2 in.} in diameter snd 3.2 mm (% in
im thickness. Permizsible varigtions in thickness are 018 mm
[+ 0007 ) For hot-molded end 0% mm (00172 in.) for
cold-malded or cad materials

5.2 IS5} Stomderd Specimen—The test specimen for homa-
geneous pledics shall be &0 by 60 by | mm. Tolersnce: for the
Elmm dimension i =2 mm and =005 mm for the 1l-mm
thickness, This tzx method snd ES()Y €2 are t=chnically equiva-
lent when the test specimen described in 5.7 is used.

5.3 The lest specimen for sheets shefl be in the fom of o bar
6.2 mm {3 in) bang by 354 mm (] in) wide by the thickness
of the material When comparison of sheomption valees with
maolded plastics is desirsd, specimens 3.2-mm {(Y-in) thick
should be ussd. Permissible varimions in thickness shall be
0. 20 mm {+ 0008 in_} excepi for materials which have grester
stendard commercial ioderanoes.

5.4 The iest specimen for rods shall be 25.4-mm (1-in.} long.
for rods 25.4 mam in diameier or wnder and 12.7-mm (V-
kong for larger-diemeter rods. The diameter of the specimen
shall be the dismessr of the Gnished rod.

5.5 The \est specimen for tubes less than 76 mm (3 incd in
imside dimmeter shall be the full seciion of the twbe and
25 A-mm {1-in.) bong. Forubes 76 mm (3 i) or more in inside
diameler, & reclangular specimen shall be cul 76 mm in length
in the circumfereniial direction of the mhe snd 254 mm in
width lzngthwise of the tube.

5.6 The iesl specimens for sheeix, mods, and tebes shall be
machined. sawed, or sheared from the sample =0 & 10 have
emooih edpes [fee from cracks. The oot edges shell be made
sminnh by [inishing with No. 0 or Gner sandpaper or emery
cloth. Sawing, machining, and sandpapering operations shall
be slow enough = thal the material is nol healed appreciably.

Fom: TN (here & 2oy oil o e sufaoe of e when
meceiverdl o = & ol of wesh e specimen wilh
& clofh wid wish pesnline o cemove odl, wipe wilh 5 &y cioii, and allow

I siznd in sir or 2 B o pemi evapociion of @e gesoline. T penline
miincks M pldic, o some sishls sivenl of deispent Gt wil

evaporsle within @ 1-h period.

5.7 The dimensions listed in the Following teble for the
warinus specimens. shall be measemd to the nearsst 0025 mm
(0.00L in. ). Dimensions not listed shall be measomed within 0.8
mm (V2 i)

Copynphe by A5 10 1A (&l mphis recreedt Wion War || 1032 BT 2000 iy

b
neveredes hacoral ge Codormb

horhood of §E0AC (230PF), shall be dried in =0 owen for 24 h
w50+ T (122 + S4°F), cooled in & desicoator, and imme-
dmiely weighed to the negms 0.001 g.

Homw 3 1 stalic cherge inferferes Wil ihe welghang, ghily nib te
sarface ol @e specknans will & grvonded oooduche

6.1.2 Specimens of maferials, much as phenolic leminaied
plustics and other prodects whosz waler-ohsorpiion valee has
been shown nol to be iably affecied by lemperstures up
o 110°C {230°F), shall be drisd in an owen for | h & 105 o
IMFC (221 o 230°F).

f.1.3 When data for comparison with sheorption values for
other plastics are desired., the specimens shall be dried in an
oven for 24 h st 50 = 3°5C (122 = 5.4°F), cocled in 2 desic-
catar, end Emmedinlely weighed to the negrest 0L00T g,

7. Procedure

7.1 Fwenty-Four Hour Immergion—The conditionsd speri-
mens shell be placed in & container of digilled waler main-
tmined ol o iempersture of 23 = 130 {734 = LE°F), and shell
rest on edge and be solieely immersed. Al the end of 24, 2145,
= h, the specimens shall be removed from the watsronz st o
time, all surfane waler wiped off with & dry clath, and weighed
1o e meares 0001 g immediately. If the specimen is Wsin. or
less in thickness, it shall bz put i 2 weighing hottle Enmedi-
siely afier wiping and weighed in the batile.

7.2 Two-Howr fmmersion—For 2ll thicknesses of malerals
having @ mefatively high refz of sheoorption, snd for thin
specimens of other meterials which may show a significen
weight increase in 2 h, the specimens shall be lesisd os
desoribed in 7.1 except that the time of immerdson chall be
medoced w12 = 4 min

7.3 Repeated [mmersion—A specimen may be weighed o
the nesrest (001 g efter 2-h immersion, replaced in the waler,
end weighed sgain after 24 h.

Mo 4—In ming this =] meiod e smoun of weley ahenbed & 14
b omay be ess Bea il would have been hod G nmemion oot bes
insTpiad.

74 Lomp-Term [mmersion—To determine the intal waler
shsnrbed when subssntially satwmied, the condittoned speci-
mens shall he iesied 2= desonbed in 7.1 except thal ol the end
of 24 h they shall be removed from the waler, wipsd free of
surface moistune with & dry cloth, weighed 1o the neanest 0U0HH
p immedialely, md then replaced in the water. The weighings
shall be repeated al the end of the first week and every two
weeks thersafier wniil the increase in weight per two-week
period, = shown by theee consecetive weighings, overmpes lexs
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than 1 % of the iolal increass i weighl or 5 my, whichever is
preater; the specimen shall then be comsidered snbstsntislby
salurmied. The difference between the substantislly saturated
weighl and the dry weight shall be considersd as the wetsr
ghsorhed when substentially salursted.

1.5 Two-Howr Beiling Water Immerzion—The conditioned
specimens shall be placed in o conainer of baoiling distilled
waler, and shall be supporied on edpe and be enticely im-
mersed. Al the end of 12 = 4 min, the specimens shell be
removed from the waler and cooled in distilled waler main-
Laimed ot room iempersare. Afier 15 £ 1 min, the specimens
shall be removed from the water, one ol & ime, &l surface
waler removed with a dry cloih, and the specimens weighed 1o
the nearest 0001 g smmediaiely. IF the specimen = Yic in. ar
lexs in thickness, il shall be weighed in 2 weighing botile.

1.6 Che-Half-Hour Boding Warter fenserrion—For all thick-
nesses of materials having a relatively high mie of sheomption
and For thin specimens of oiher materials which may show a
significant weighl incresse in ¥2 h, the specimens shall be
lesied as described in 7.5, excepl thee the time of immersion
shall be reduced to 3 = 1 min

1.7 Immerzion at S0°C—The conditioned specimens shall
be tested as described im 7.5, ercept thal the time and
tempersiure of immemsion shall be 48 = 1 h and 50 = 150
(1220 = L5°F), respectively, and cooling in waler before
weighing shalll be omified.

7.8 When daia for comparison with absorption valses for
other phstics e desired, the 24-h immersion procedun
described in 7.1 and the equilibrium value detemmined in 7.4
shall be used.

B. Reconditioming

E.1 When materials ore known or sespecied to contain any
appreciahle amount of waler-soluble ingredients, the speci-
mens, afier immerdion, shall be weighed, snd then recondi-
tinnad for the seme tme and tempemiure s used inthe orginal
drying periad. They shall then be cooled in a desiocator and
immediniely reweighed. IF the reconditboned weight is lower
than the conditioned weight, the difference shall he considered
as waier-soluble mailer lost dering the immersion iest. For sech
materials, the waiershsorption value shall be taken as the sum
of the increase in weight on Emmersion end of the weight of the
waler-soloble malter.
9. Calculation and Report

%1 The rpont shall include the values for esch specimen
and the average for the three specimens as follows:

.11 D¥imensions of the specimens before =i, measursd in
accomdanoe with 5.6, =nd reporiad 10 the nearest 0025 mm
(D.00F in},

&.1.2 Conditioning time and lemperatune,
%13 Immersion procedure used,

wmﬂm:ﬂ.ﬂnﬁ—'ﬂ: Mion kiar 11 e 38400 KT 500 3
~rerlzadod przisd

98 (20101
9.1.4 Time of immersion (long-l=nm immersion procedure
1 &
49.1.5 Percentage incresse in weighl during imemersion, cal-
culated 1o the pearesl .01 % 25 follows:

wel weipht — conditioned weighl
condlicasd wegh
9.16 Percentage of saluble matier bost during immersion, if

determmined, cakeulaled in the nearsst 001 % = follows (see
Maie Sk

Incresse in WAL & =

Soloiis malier sd, & =
conditioned weighl — eondsoed welght -
ol Exoned. weighl

Mo 5 Whes De welghl on rerondilioning b specimen sl
immarion in weler evoseds Mie condlcned weighl prior o Smmendon,
repon "o IR 7.6

9.1.7 For long-term immersion procedurs only, prepars a
praph of the increase in weight 2= & fenction of the sqmars oot
of =ach immersion Bme. The inital slope of this graph is
proporicoal o the diffesion consant of waler in the plestic.
The plet=au region with ligttle or oo changs in weight as a
function of the squere rool of immersion lime epresents the
saluratinn water content of the plastic.

Mo —Devislha Imn he fnssad msde] indicales
[ha simple Mimsion may be 4 poor Wl Conienl
In such cases, sokdilional studies oo suppediod bo demine & hoiter mode]
Tor waier sheoapiion

9.1.B The of water shsorbed, which is the sum of
the valees in 9.1.5 and 9.1.6, and

9.19 Any observafions as o warping. cracking. or change
in appearsnce af the specimens.

10, Precision and Bins*

M1l Precision—fn interiahorstory et progmm wes cor-
rizd out msing the prooedurs oulfined in 7.1, invalving three
Isharatories and three materinls. Analysis of this dots yieks the
following coefficients of veriation (average of three replicates).

oo ::_"

=TTy pr——
Hom T—A nnmd obin §s Cuvendy o way I0 mone oompistely
Sirrmine repeaishiliey snd paproducibily of this el method
10.2 Bége—MNo justifiable stsiemenl on the biax of this te=
method can be made, since the tree valee of the propery
cannot be esishlished by 2n accepled meferee method.

11. Keywords
11.1 shsompion: immersion; plastics; waler
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" Designation: D635 — 10

M TR ATTI

Standard Test Method for

ANEXO No. 3: ASTM D635 Standard Test Method for Rate of Burning and/or

Extent and Time of Burning of Plastics in a Horizontal Position

Rate of Burning and/or Extent and Time of Burning of
Plastics in a Horizontal Position’

This siandard & ssued under the fxed desigralion D435; the number Immedisiely foilowing the designafon indicates the year of
original adoplion or, In the cass of revision, Ge year of lst evision. A aumber in parnheses Indicales the year of lest reappenvel. &
‘superscript epsilon («) indicales an editorial change since the 1ast revision or respproval.

This siandae her been appreved for use by ageacier af e Deportmen! of Deferre.

1. Scope*

1.1 This fire-test-response test method covers a small-scale
Inhoratory  screening procedore for comparing the relative
linear rate of bumning or extent and time of boming, or both, of
plastics in the form of bars, molded or cut from sheets, plates,
or panels, and tested in the horizontal position.

Mom [ —This iest method, and test method A of IEC 60695-11-10 ane
\echnically equivalent.

Ny 2—Faor additional information oo materials which do nol burm 1o
the: firsl reference mark by this test, see Test Method D3RO0

1.2 This test method was developed for polymeric materialks
used for parts in devices and appliances. The resolts are
intended to serve as a preliminary indication of their accept-
ability with respect to flammability for a paticular application.
The final acceptance of the material is dependent upon its use
in complete equipment that conforms with the standard appli-
cable to such equipment.

1.3 The classification system described in Appendix X1 is
intended for quality assumnce and the preselection of compo-
nent materials for products.

14 The values staled in SI units are o be regarded as
standard. Mo other units of measurement are inchuded in this
standard.

1.5 This standard iv wsed fo measre and describe the
response of materials, products, or assemblies fo heat and
flame wnder controlled conditions, but does mol by itvelf
incorporate all factors reguired for fire hazards or fire risk
aszestment of molerials, products, or assemblier under actual
[ire condifions.

16 This standard does nof purport to address all of the
safety comcerns, if amy, aszocigted with ity use. It iy the
responsibility of the wrer of this standard to extablish appro-
priate safety and health proctices and defermine the applica-

' This lest meshiod Is mder the jurisdiction of ASTM Commitise D20 on Plstics
and Is e direcl Esponsibility of Ssboommities 02030 on Thermal Froperiies
{Section D30T}

Curenl ediSon spproved July 1, 10 Published Amgusd 2010 Origiasly
spprved m 1941, Lasi previous sdiion spproved B 2006 o5 D635 - 06 DOE
101 SRV 10,

Bility of regulatory limifotions prior fo we. For specific
hazards stalements, see 9.2,

L Referenced Dvecuments

2.1 ASTM Standards:"

D618 Practice for Conditioning Plastics for Testing

D648 Test Method for Deflection Temperature of Plastics
Under Flexural Load in the Edgewise Position

DE23 Terminodogy Relating to Plastics

1929 Test Method for Determining Ignition Temperature
of Plastics

2843 Test Method for Density of Smoke from the Buming
of Decomposition of Plastics

D3801 Test Method for Measaring the Comparative Buming
Characteristics of Solid Plastics in a Vertical Position

D5025 Specification for Laboratory Bumer Used for Small-
Scale Bumning Tests on Plastic Materials

5207 Practice for Confirmation of 20~mm (50-W) and
125—mm (500-W) Test Flames for Small-Scale Burning
Tests on Plastic Materials

E&4 Test Method for Surface Buming Characteristics of
Building Materials

E176 Terminology of Fire Standards

E691 Practice for Conducting an Interlabomtory Study to
Dwetermine the Precision of a Test Method

22 IEC Standards:?
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gEremesis gieen here e sk the oaly egEemess for
hiphi transmcung platke

K27 Ve Msihal (12641 mpons valee a5 & Smike Dessay

X214 These clmsifiontions are non parm of dis iesi methnd
and e sl ender the jurisdiction of ASTM commitiee [0
Howewver, ey 5= in common ssage md are preseaied hese for
informanos asly.

SUMBIARY OF CHANCES

Commnse D00 b iestified the locsion of selecied chanpes i s mssdand since the | s D635 - 0,
Ll mury gt e ose of s sesdend (eby 1. 20000

(T} Revised B.1 for consstency with Practioe D615,

T bl e e - ) g ¢ 7 pe i i e
Vit | o U ﬂimn sy oy mh e
o ot i ate by P e il

iy i il il s i i by
PO il S SRR O R i S i

Smd - i a o tha
L = T T T el i

ﬂ-_.—-__—-mmu = -‘:u [Ty Spe—

FrTeTiy A TH LT D, PO T ! Conmmtocie, T8 SREE 2R
e g~ - dﬂ:ﬂ:;‘_*‘ B

ey S i Ty e e S P AR el —

nl_zm

Copsrighi iy ASTI e sall mghon resarvndy, Il Riar [1 E2-B0-5 KXY 3001

-



15

ANEXO No. 4: ASTM D638 - 10: Standard Test Method for Tensile Properties of

Plastics

¥ Designation: D638 - 10

Standard Test Mathod for

Tensile Properties of Plastics’
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M b ke N i ey P
Wil imenisd eSS o oS bES Sosses 3-0P
30 IF-psly Dhem lest sl e el @ Econkece i Tl
Tefrioad (1] SR TINITA

.4 Test daia obmined by this = method are =levant and
apprprisie for s in enginocnay desighn.

* T e rerifwrnd 1 ewder g recheson =0 ASTW Comeriiar D00 ox Plaoriecs
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sufery aned fnalth practices gad driermass the applics
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D51 Test Method for Test for Tensie Sirength of Molded

[ecricsl lasuluiog Matorish (Wilsbraws 19597
D2 Test Meshod for Tensie Propemies of Ths Plese
Shenting

DEEY Termmnlogy Helstisg Lo Flasics

DRI Test Method fror Tensle- impect Feergy = Bk
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Dirtrmnine the Precision of 4 Tea Method
17 150 Sndanl-
IS0 527.] Des=rmminstion of Tensile Propertie

1. Terminobegy

11 Dhefinitinns — Delinitions of s applying o this iea
mettod appess in Terminolegry DERS snd Annex AT

4. Significane sl s

4.1 This iesl ssihv b designnd io prodece iensile progeny
dain fior the comroll and speciicetion of plesic mesrigls. Thes
dais we aleo weeful for geaiEstive ceracterizstsn and for
rossirch and develapmon. For many maiariab, bhers may be a
speciicaiion the mquires e mse of e est method, bul wik
some procedersl modificeSions the e preosdeace when
adhering o ihe specification. Thereloe. @ & avisble o e
1o thel material sprcifcation fore ssing ihis e mothod
Tabsle | in Clesdficaiion M0G0 liss e ASTM muierisls
n-nhhﬁ-.i-u}jﬂu.

qul-ik am -WTQT‘,M

BT shAmeng
l!h-pﬂt'w“h:-m&t[“
mesl be carefully controlied.

421 b i= reaeed thal & matevial camot e estesd withom
also wasng the sethi| of prepuriiion of that measral. Honce,
when smpensive izsis of mmerials per se o desived, e
gresies care mest be exescied 1o snose thal sll smples o
prepered 0 execilfy the same way, unkess the tesl 5 &0 include
U elecis of wmpls properstaon, Similety, Ior sl pur.
posEs oF CoOmpEraons wikis any givea sens of speciment
care st be e o o the movmem degres of onifor-
mity &= delmle of preparaiios, trealment. and handisg

43 Terailn properies may provide sseful dats for plusics
enginesring design purposes. However, becouse of the high
degree of mnsiivity exhibied by mamy plastics o mis of
straiming wred erreonmentsl condilios. deis obtsined by this

ing immpact snd ce==p) and reege of envirenmenisl conditions
lensdle propecties are 0 msilfior [or eogineering design pur-

Mom 3 Sinos B cnmiencs of § U cheii b i PRk (8l
e ek sl in el iy debolable, e

* i i it Mot il st |ANLD DW dbi
ark, WY 10, ey wam

e, Maw
Lompprrags bry 8 Tl o ] g el e il 01000 SR RLIT U

mh
¥ e L P

arfirery T gns dpensiTon o i, ISy, a6 S fch
ure el

5.

l-rl--
m‘ A esting mackine af 1he consiani-
-movemess Dype and comprising csealisly

Ellrnni Mewber— A fned o ecentially ssfionary
muembes carrying o grip

!.11”“}-1.&“.::&#,&..
sepomd grap.
513 Gripr—Gnps for holdieg the i=x specimen between
the fued member aml the sovable mesbor of e lesing
machne cun be caber ihe fued or sellslgeing e

5131 Fized grigs are righdly aitschesd o the fixed and
morvahie members of the iedtisg machme When thi tppe of
prip s werd exbreme e shogld be lakes o ensure U the o=
ipoatien o faefod and wei that the long sk of the
iesl specimen coincadles will e direction of through ihe

cenier e of te grp
5132 Bell “ﬂﬂ:ﬂhﬂ-hﬂnﬂ
mivahis Semben of o ienisg mechise @ wuch o susser he
they will move fe=ly into signment o =oon = ey boad is
spplied =0 thm the loog axis of the =i specimen will coincide
wilh the direction of the applssd pull throsgh the comer line of
the geip msembly The spocimens shoukd be oligesd = o
lecity & possible with the diection of peil so thsl = olary
motie that mey mduce slippege will oomr m the gaps; these
ie 0 li=k ko the amowm of mimbgamen wif-aligning gripe will
mccnmslss
5133 The ie= specimen shall be held in such & way tha
slippage e=lalive 1o the grigs & prevenisd imsofar &= possible.
Girip merfaces the s deeply mored oo sersied wiih @ pailern
b thiss of & ¢oarse siaglecw Ble, rrbos shogl 1.4
mm {109 n.} spen snd sbos 16 mm (006 in) deep, have
been fomnd satifaciory for most thermoplstics. Finer sma-
hhhﬂhﬂbhmﬂﬁd}hh‘h
sach o e thermensiing muerishy. The serrlion
should be kepl clean and sherp. Hreslisg in e prps may
oocur @ Bmes, ven when desp serrations of ahraded specimen
wurfaces are weed. mifer o e zed in these cases.
Uither chaicpam e have boen [iond well, penuslely with
sl faced grips. are shrading thai porion of the sfece of
&qﬂ:’nﬂhﬂhihy’q‘.dm&
pieces of shmzive cloh, shramm n'rii'.l-'
coiled [abric, commeonly calisd hoa ﬂ-rhng.
mﬂu“mmmwmn
papes bes been foend effective in many ceses. An open-mesh
labric. = which the threads s coaind with abraxive. Bax sl

pri
rl Dirfve Mpchamiom A devve machaniam (of impanling
i the nﬁh.ﬂu’ljﬂ.mﬂhﬂ\dﬂyﬂ

midiEl L [ i
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les specimen whes held by the grips. This mechanizs sall be
nusonially fros of menis sy @ e ypocilied ot of sy and
shall imficnie the loml with o acowery of =1 % of the
indicatesd valne, or betier. The soowmcy of e iexting machine
phall be vevified @ sooonance with I'acices 14

Paril e N[ e alurin B LT Ao T AW i
ST e of MUESSENing AOTITRCY G07 25 MM i e perids herwesn
EOHTERSES | Pracioes . Hesoe, @ & ecomansndes] hal

D mEie b riEsded nd venfisd @ oflen @ may e

mw 11 irmgenlly will B foxrmsiry i porlivn is FuSan

50& The h(xsd member, movable member drive
mechmam, wnd prips shall be constirucisd of such magerials
and im such propofsoens thel e tolal ol baglledned wmin
oof [he sysiem pomsstwted by these paris doss sot evoesd | % of
the iogsl longimdined sirsin herween the 1w gage marks om the
lest specimen @ oy time dersyg the e el ol sy losd sp o
e raed capaaty of the machese

51T Cannbead Enemess Iadicarms A sudible ss=ssion
indicating mechomism cepabie of shownmg he smosst of
chanpe n lhe spemiion of the ghps. tal i ooshed
mervesent. This swchan|sm sball he omemially (e of serial
lag = the spociled mie of iewing =l shall indecwe the
crosshesd movemeni with =5 scoemcy of TI0% of the
imdicaiesd value

51 Extenvion badicater (utsmmnmotnt) — A iyitshls meire.
menl shall he s for deteemining the dstence hetwesn (wo
desigmsiesd points within the page lengih of e =< specimen as
lhe specimen is srscherd. For neeree peeposes, (he exemmom.
vior Ml o sl @ e [wll ol ihe sz,
thowe in Fig. |. h s mu.qmulhh
inciremeni auinemstcally oo s disence, or sy change in
it, a5 u function of the load on the iesi specimen or of the
ol mjrerd teme from the san, of dhe wat, of ok, 15 only the leaer
s oiboimie], hetel tioes clitn emvst by he isben This isssrumen
shall be esseprislly free of iseviis & the specified speed of
tesiing. Exicnsometers shall be chussified and their calfration
porisdcally verfed in sccondssce with Practcn 11,

121 Moduluyof Floviicary Merermeasor sdulus
of -leicily messsemenis, @ evensomsier wilh & mEEmum
mﬁ.md’ﬂﬂﬂluﬂ-ﬁ.ﬁ.!hm-ﬂ

rocoedd shall be sl An susessometer clemified

Precvice 181 & lellilling the reqeiesenis of & 0.2

within the rangs of use for modubes messaee-
menis meeis Lhis mguirement.

511 Low Estravon Mravaroments - For elongation.al:
yiohi sl low rusmion messsemen (sominslly X% o
lesch Be seme shove eriemsometsr, seguatsd o 20 %
exiemEon, may be wed. In sy cese, the extensometer sysiem
roms =t il et Clas C (Practon BET) which
brchude o Bxed wrsin erms of 0001 sreis or = [ 0% of U
imdirmesd sirnin, whichever is geaier.

5213 Eﬂ-[ﬂ-m.ﬂm_-k—l?--hug—u-
mews & ehinpatioes grealer &mn 10 %, Iecimipucs
whﬂmlmm'lﬂiﬂmmrﬁm
arcepuakle.

‘i bry AR T il ] gt sl ol ey 20 (10 00 BEIT 2001

e e i

- wﬁ—m'ﬁmﬂld
Sachnon Hlﬂm comply wek et rogeit-
menis of Tes Method [6884

& Tes Bpecimens

6.1 Sheee Plute, snf Mobird Mleges:

Bl Ripsd o Semirged Plassry—The les specimen shell
confiom 1o the dimensions shows & Fig. |- The Type |
wpecimen i the prefersd specimen ancd chall be waed whes
mnfficien maisrial hiving & thicknes of T mm (028 in.] of lem
uﬂﬂ.ﬂﬁfmﬂlm—qh-ﬂuﬂhﬂl

el is difforenl sglity coses (hal b, senripld sad
wmingidl The Type I specimen mesl be ssed for =8
maierials with a thickness of gresier than 7 mm 028 in) b

CORRpOEALE, highly orthotrmopic

bl confioms W the dimessions of e Type | specamen shies
m Mg

El4 Prepomtion— Tt specimess shall be prepared by
machining operations, or die ouiting. from maierisls in shest,
plain, slah, or samilar ferm. Metwrih thicker than 14 mm (053
= musl e machined i 14 mm (033 () for e o Tvpe 111
specimens. Specimens can aso be prepared by molding e
mairrial to be esied.

Mo T Tt resslis bwoer @ G G wmr e wich B e
g, NMC sl BMC lessain, ol gecimod Iype dould
comkieraal 1 SEere [Wed e WO e pade leagih o S oonss &

———
B it u.:--nr-_-' m -
mrﬂll -

q-ﬂj--nul Hq-q-“-mh—
TI.. 0 N STl T Dan ke
A vansne teng sndesd
mui__-p_q_--tqqmﬁ-
Bevmist il --ﬂﬂn-—l.m‘-.yh_
i Wil DA SECIE.

6.2 Higid TisherThe tesi specimes for rigid tsbes chall be
w ahivw inFig. 1 The leagik, 1., shall be m shiwn in U labis
= Fig. L A geoove shall be mochinad sund e oatalde of te
specimen & the oenier of @5 length = e the wall sectinn sfisr
machining shall be 60 % of the ongmal nomizal wall thick-
mia. Thiz shall cosxinl of & Erught sction 57.1 ms
(224 in.) i lengih with & pulies of 76 mm (1 i} o gach el
joming il o the omside Sameler. Sieel or bress plegs heving

e, i b R PR b | e A e LT el i
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ifiameters wuch U they will Bt snughy makle the tsbe and ~ onsshing. They cun be beaod comvenienily @ e lube by
hav g & length @ (he Bl jas |ongth plus 29 me (] in)  opemilng ssi wppening them = 5 thmaded moinl ol
shall be placed = the ends of the speosmess o preveni  Dietwmils of plegs snd ies ssembly s shown in Fg. 1
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63 Bl Bodv—The =a specimen for sigid rods sball be o
showm in Fig 3. The lengih, L. siall be ss shown i ihe mhis
im Fig. 3. A proove shall be mackined woend the gecimes &

Udmryright b A0 W ke il righiy et i Ry S0 U R TR LT DY 5

il et i bl b
L anaral & i L | A £

F':'I'FH-'F': -——m‘h'-n |l1-1'“#|1 :J‘"‘ —
g "

FiG. ¥ m_m-_HM Teeion Terl Spori—mes

ithe cemiier of #s length so that the dismeer of the machined
portion shell ke 60 % of the onginal nosinal (faseter This
prosve shall comaisi of & sirsight section 5T 2 mm 2 )=
lenpsh with & madius of 76 mm 3 m.} &t sach end joming © =
ke ouiside dimmeier
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B4 AH mefaces of ibe specsmes shall he free ol visible
l’,.‘lﬂ'-h:.,ﬂ- »

£ 17 i b necenery bo place
i shall be done wisth & wex e

G 'Whes esiing maieriah tis s sespecisd of anisoopy,
duplicale sty of les specimens shall be preparsd. having their
lemg axes mpectively parallel with, snd nomal . e
sempecied dimciion of anisnisogy
7. Samnber of Tes Specimess

I Tem & lemst fiwe specimens: {or esch sample in the cese
of oo malerisls

1.3 Tem e spocimen, live aormal w0, md five pesalisl
with, ihe principle s of ssssiropy. for each smple i e
e of anissimpic mEenaln

oy, 10— st sy, il EEESETE Specunars sk be pecisd
n o plaisope. Thee which S or (ecenirsind Erin

"“H?ﬂ.““ Al e skl drsim
Sl & b e s

K. Speed of Testing

Bl Speesd of iesting shell be the reiwive roe of moons of
Lie grips or kest fixteres during the te=. The mie of motios of
the driven geip or s whes the eaing machior is reasing
luflis may e ssod, i & con be shown (i the ressling speesf of
lesting is within the Bmits of varistion sllowed

£] Chosss e speed of imsting from Teble 1. Dolerssas
ey b e e ol =sting by ahe specslruion fior the messal
esing iesind, or by apreement between those concemed. When
U mpersd iz ool spepafied, use B lowes speed deowen in Tabk
| fior she specimen peometry being ussd, which gives remure
within % o S-min i=sting cime

L1 Modslys dreiersinalions may be mule @ the el
scienied fovr the oilbey ensile propemies whes the recomier
response and esolution are adeguae.

8. Conditiening

81 Condisonirp—Condition the i=d specimens in sooor-
damor wilk Prooedue & of Practice D618, osiess ofherwia
specified by conire o Uhe relevan ASTM mmisril spocifes

Ungrrvigin-trw AN Tl il gt sl e i 200 3 bl O BT 0
rwtd el i S e
-l

Pan

of
ey
Lo rE

LR
T
TE%
T
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T
THE%
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el LA I rode wed
e T

[l
(&5
T
T %

Wi Sellessurn the widhih anel Ehickamas of ssch spoc
e pewen 00X me (000] in) ssing b spp

methods m [T,

En
2|

TAELE ¥ oduus. 1% pel for Eiged Laboerminres. Fve Maiarak

w T T T
- e by B LOTM DO SEEY DY

(=2 1] OoT oo oo O
Tmn b 17 DEEN QT G Gnd
e — i3 noms oEE G opa

M1 Measure the widd s chickness of g o
tér cenier of each specimen smf within § mm of zach end of the

'1;.1.2 lngoction mukled specimes dimenson maey b da.
terminad by acinsl meusur=meni of iy oae specimes frem
ech sumple when i has peevioesly been demons rated that 1he
MMII revimen vansem in welth gnd thicknes i e
2an .

HETS Take the widih of specimess: prodecsd by & Type IV
die gz the dislanor betwern the culling slpes of the de o the
BT LI

e
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T4 Mesmre the disseser of md specimens, wnd e
imside and owiside diameters of tobe specimens. o the neses
0025 mm 000 ) @ & ssimum of o poinis WP spart
muakn ihow messyomons dosy the proowe for spocimen o
consiuciad Use plugs is isming sshe sporssens, as thown i
Fig. 2.

102 Plape the specines i the grips of ihe esting machine.
taking care I= align the long ax3s of the specen and the prgs
with an maginary line pemng the point of gtachment of e
Bripa o the maching, distance hoiwess e el of b
indicaied in Fig. 1. On tube sl rod i e locaiion for
the prips shall be & shows i Fig. 2 and Fa. 1. Tighien the
grips evenly and fumly io e degme Decemary b prevest
slippape of te spetimen derisy te jou. b aol 1o the pos
whene the specimen would be crushod.

10 Adssc the exiensine mdficaior. Whes mednlus is being
deirrmined. 3 Clasx -2 or betier exlensomesier & egquined (==
FLIk

e 11 Mdealuliis o msinfis i delennsed irsn S ke of O
It poopos of e e s cares. [on el piedicn, ks Soer
RO 15 ey ], (ST ey Saplly. SN ISUE b Ao Solame.
mkqh}-#—hrﬂhtﬂhﬂt“

10 St e speed of exmg b the propes mie = mquised =
Section K. eud slan the mechenr
1Y Hecomd ihe lnsd-cxssasion curve of te specimen

10U $esoomd the: boad snd exension o Se yield point (i one
exizic} and e lnad and svisssion & the momen of rops

R AR L

S Aoy o Ui S PGS o 5

u!pu,-quuﬂnm-q-pm__;
o allowwed i remmin Jicted ©Be Gecime, B SEmonsr oo i

- u*lqln-ﬁu--nln_--h m:

i1, Caloulstion

1.1 Tee compermstion shsll he made in scooniance wialh
Annex Al sniesx i mn be shown ihei the o region of the
curve is mat doe fo the mkeop of seck seaiing of b
wpecimen. o oiher artifec. bei rather = on themic maienal
PN

012 Temadle Serewgeh Coleulsin the iemle sirengch by
fividing the mazimem losd in sewioas (poesds-foece] by the
avemge ongmal ooss-seciionad aes in te gage length s=g-
menl of the specimen in spare Eebes {squee nches ). Expees
the el m pascals |[pognds foee por sgese mchl and eport
-Hnlhuﬂilununiumﬂtnﬂuwui
ensile srengty ol beeak, wischever i i spplicuhie, Whea s
mominal yield or break losd kss than the mevesum is press
and applsble @ may be desimble slen 0 cliculae, & 2
similar mammer. the coregomiing iensile sSress gl yield or
wenzile wrem o beeak snd mrport il 1o User sgniScan e
(aoe Mole A2 )

113 Hesgation valoes e valid and sre repomed in cases
wher oniformity of deformaiion within the specimen page

Cnpryrgis S A0 1 ] (all ragiin: swerend | b Ry 30 010 el 00 RPT 0D

lengih i prsenl. Elongstion valnes wre quserissively melevems
and spproprale for engimeering design. When non-smiform
ilelormaizw (wch oy neclong Focoans within @ specmmen gaps
longih mominal srsin velees o meponed Noming esa
valuss we of qualiiaive sility only.

1130 Perend Elompation—Percenl  clongalion & e
change in gege lengih relafive 6o the ongimal specimen age
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5 mmmm

1903 In Tebds 211, for the muiorids ndicaied, and for
iesi ressits thal desvved (o essisng five specimens

13131 & jis the within-lhomiory siandar] deviston of the
wverage: [, = 2E3 5. (Ser 13.1.1.7 for spplicatios of [.}

13032 Syls e botween laborsory sanidsnl deviation of
the mversge; [y = 283 X, (Se= 13134 for spplicssen of 1)

’lﬁh il Lo AT TW Heatguamas Bogaan 09 0120
IS o i -.hdll.ﬂl-llmh- 1B maard b




23

4 pe3s— 10

TaBLE Brasa, %, for Eighi Labaestcrien, Fims
4 Blongation & %, fo Eigh

TABLE ¢ Temat g Bicogaticn, tr Eight Laseraionen et

T Yt Excemesd n Bemrt Ui
[FrrE——r—] m o 3 ST T e -
'il--l'h'-l:':- L RiZ G e L i B i 7
T T ET T R T P ] = 7] ] ) ] T
A D TR A iar BEE Law EAT (i 3 ¥ A 1 2EN 2 war
FES 508 02 TE0 WD =WD [T, - = wmy 137 e s 5
# e g wd o brest bms chimemd b uweeieesd  UDVE = nE 1m im  am B3t
frar we e b e L% = ns 1LEF am 1m (=]
": T, | ™ L e ™ 184 T
m"-—'—_ -—-—-h—-?l-:—l P 2 rr e T 11 rH
=J-uui-|mh|-- dy o ra HIFE ¥ aE L= 5. s =
Pr—
TABLE & Terzla Yikid Simngih, for Ten Laborsiories, Elght Malories
Malgraly o ‘W Capresed oo lvee
il L1 L] e e—— [ f ]
nimm  Aewmge 8§, s ’ a = = T =3 T48  was  EET
L= = 154 =4 CTEE T T LorE = e mE  EEE s Ee
L i [ET] - R wa T i LLDE E Ty IFTAa 2mn i o =13
[T | B g AR W38 BB F
ﬂ : :::' ::: m :': ::_: T ™ &P P -~
LLOEE = 2800 mr mn s Sy LLiDPE = e TWRY een amn  amma
LLOEE m e ] o T T
HER%: » awn A B8 T e
oo I ama VRN WO smd VRS g 0 Teests Bresk Eloagution, for Ning Lasorsioies, S
Wl | i
T ‘Wuhpmy B o T Unis
T_.ll_-uluir-.hiwm [re—
n_-lm ,.‘-I'... [ | 'y i ]
e B L [ T = = e e e wad
1D o= o ooE oem LI = um ms =2 =3 T
m*— L GO aEE sk oew oeE = = BET  TIAm A EAT
- 1
e Wd RO gAY B e uﬂm : :. =|..r ST :: -IL:
[T = ™ wLE MY Mas oA
= TABLE 11 Pessacn's Matic Dt fer O
== ~ i 2 = s w “‘r
Colrm wcms ooyrus 3.: ﬂ : :: :_: S E ,_Eu = "_h
AT A RE LN W o0 Sl T g e
P2 1 L e aan o=
il = H-u—r L 0008 Cume
11I.J_'I-w.|h:r.—hmlmﬂm‘?hh PO i Lot . i e
i e maieral. obismed by e mme opeion sy e Lgewenn

me sgmipmen on the sese duy, dhoae jexl relis shoskd b
jadesd not eguivalent i they differ by more then the [, vadee
For e material and condation.

11134 Reproducibiliy - In comparing tws mel romlt for
i e msterid, obininad by dilfesm opersers using difler.
e eguEpment on diferest doys, those lexd resshs should be
judped not equivalent if ey differ by more than the Ty videe
MHMﬁm:‘rﬁiwunm-ﬂmrﬂnm
labwwmories or beienes dilf=renl aquipmenl within e s

[abormncy. b

I01E5S Asy mdgmes in sccondence with 1001303 ad
13038 will hawe o appresimaie 3 % (0,93) probahdiny of
being cormeoL

13136 Ouber formulstons mey give somewhal diffes=nt
ezl

Lyt by 0 Tl ] 8 gt epmreitt. s ol 390 ke 8 LT T

- el aida e b5
[+ R )

13107 For lunher sioemation o the messdelngy sl in
ithes seciion, s Practce F&0],

13.13.8 The precizion of this k=t method & wery dependent
wpem the unformity of gecimen peporabos. damnbaed prec.
uees fof which are covemd |n other documess

132 Hizr—There m= oo reoogsimed sandasls on wisch in
hae an extimgie of biae for this e melhod

14 Keywords

141 modeiss of eledicity; pescenl elomgation; plasiics;
el prywrters; ienuii drength

s r 5l s o



24

il De3s - 10

ANNEXES
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AL TOR COMPENSATION

Al l.nlr_":ﬂ.l—-ﬁ-'.mﬂ_! ALY there = a
e region, AC, that does sol ofl the
-:mlhnnmﬁjcdhlhd':lr_hld

S st sy et e e S o i gl
FIG. A1.1 siamarial wim Sodkaan Rigeos
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alignmest or seating of the specimen. 1n oader i obiain cormea
values of sech parsmeters 2 modubes, sain, and offss yiekd
point, s afifedd med be compensated for o give e
omTeced o poinl on ke i or exienson .

Al2 In the oo of @ meierial exhibiing a egion of
Honkesn (Beesrf bebevior (Fig. ALLL, & continuation of e
linear (CEN mgion of the curve s consircied throsgh ke
rern-sirsss gvm Thes imerection (F) is the correcesd o
strin poim feem which sl exiensions or somies most be
messured, inchading the yield offses (NE), i applicable The
elastic minbslw cun e deisrminad by dividing U siress @ any
peiee abong e Bae CT0 (o fia axisnsion) by the mran o e
same poinl | Seeeed (rom Point N, dollmed o domo.erdal

ALD In thr cosr of & maierial that does oot exhibii ey
lenear regmn (Fip. Al TL the meme kind of ioe conrection of the
fern-srmn poas cEn e made by constrecling 4 tengem b e
_'—#lhiﬂ'—pﬂﬂ{ﬂ'lﬁiiﬂﬂﬂh
intersec the snos o @ Pomi F, the correded sero-strom
poim.. Using Poist F' = e sirsin, the simesx st sy poimt. (67)
on e curve cam be divided by the strain at that point o obtsin
a seran modeies (siope of Line B°0G7). For those maserials with
no linesr egion, sey sSsmpl i use the lanpem duoagh ke
infisciion poist & & e for determimation of an offss yield
point may resull i srsccepishle error
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ANEXO No. 5: ASTM D2240: Standard test Method for Rubber Property —

Durometer Hardness

Designation: D2240 - 05 (Reapproved 2010)

Standard Test Method for

Rubber Property—Durometer Hardness'
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D784 e uand for msterialy etber tsan thase desqribed in 1.1,

5 Apparatm

51 Hardeerr Meararing Apparesss, sr Dureweier, avd an
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Y E b g

LN R

imdimied readog o delemsnations anamsd by mors han e
hall of @ spring cildbisien i0lcsee saed i Tabls 1,

5,1.013 Cabibeured fpring, Jor spplying ferde in e mdsne
bow, B sxopdaes with Fig | (o doeagh ) anl copable of
applyieg the forcos & spxaiied i Tabiz |

313 Operarsg Stand (Fig 3

51201 Type L Type L and Tepe 3 shall be capubls of
mpporimy the Serometer presser fowt sursoe paraliel o 1he
ipecimen mppo able (Mg 3 Ueosghon Ge mivel of pach
The duremeier presser foot v spesemen suppeet (gsle pamallels
bm shall be venfied eack mme the st specmen sapper whle
i iliussesd bn mivesmmbdee ipocemens of varping dimsnisons
This sy be acpemplished by ypplying ihe doramess preassr
Foar p the poim &f paplan sith Lhe specines idppest ubde qpd
ﬂkﬁﬂlﬂrﬂﬂ‘ﬁ'“ﬂﬁhmmﬂﬂh
hly or & specifisd by he mamilacsecs,

5122 Opermsing Stwed Tipe [ (gpoamen o mdenior
rvpe ], sl he capahle of spplying e specmen io the méenior
i A mianner e misamise shook

T Barlipn impesbastions gelan i ind



35

€ 02240 - 05 20009

[ ETTEr
gy
ja s

e
—

LT T

AT FERD 1=====!
BRAL™MG
L 1 (gl Type [ edwrise [ranisad)
TEBLE § Fargw Colrmiles "
- o
It Nl T T £, 0 00 7L Tpoes O OO0 Types BRPE
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- T BagAT Bhid e EH
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k] s g [ 141 EFC
Thsiwrin el L deidas BB REIEE Y
gy Coffirals & R § WAl & gl T & Bl L
A Pugier o LS fee B Tpn o0 dasgradian.

1113 Oprvmsing Sand. Fapre 0 lindesior e spraimen
rypei shad be capable of conralling the rmie of dercent of the
indlentor e the spesioes gl & manims of 130 mmds 03139
s} and epolying a foree suloent w overopme e calibved

Foeee an alsown @ Takde 1

S114 Opevesng Siamd Tipe 1| Lindeslor W& spesamen
rype bydrmis dempemng, poenmats . o elestros
morcBsanivel imiquaed i e oprrstion af Type M Sernincers)
whall be capabls of costrolleg the rte of dorcemt of e
mﬂﬁlwﬂﬂ-ﬂ]ﬂm ol 31 mats (RE2S
ina) and applying & fores: §ufent & overwome the calibrted
sy frooor a0 shown & Tehde | Mamial spplicstam, Tyge |
o Type I epcraung musdi s nel segiekls e Type B
EErmer oprahen

019 The paswe imevumest abmeld be plumh and level,
anad epting o 4 sarfacs Ral will mitimisg vheilvos Operating
Elyr pfedrpteen phded advins eediiciieas will segatively alfesl
the delcimamatices anaiped

5116 Speromen Sapperi Fablr. (Fig. ¥ istogral @ e
eqursring sand, s hiving o delid S serise. The spocmen
iappar plilleets may have onliecd dengned Mo Getepl v
Enaemn Of Feppee Bxteed (Pig. 1) 1o peevide bar fa su ppel ol

confipered specimend, When miers s used 10

Cogrymgin vy ASTME bnf il sights smsavvny Tha i L1 142590 BET A1
ey rwpmd provied by

L bes el ik o L

AU b apraemens, qare P o taken o alipn e indanier
to the ceoter of the ineer. or e poizt o which the indentor is
I ewnbait e sprsinen Care sl ke exersised i s thi
lhe mdentor does mol asruplly conist (he specimen supper]
tahie 40 demage o the mdenive way eeah

&, Teat Specimen
&0 The iss specoinm. hevmn relers] b o “specimnm”™ o
“ies spocm=en” 3 . shall be & bowet 6.0 mm (0024

in | e thiskness ssdass 2 i knowm Dl reoulla egevale w the
. Chnzmary {¥ Z4min | valires: ape obsiained wilh a thmmer wpoomen.

601 Aspreirem may bo cemposed of plad pesces S0 sitain
e meersiay thakices, hul delominstions mad o wch
speamens may o agme with Soer made o ol rpocomams,
an B durlsess ol B e speivenr may =6l he @ chinplaie
wontat. The lahal Emenmer of e sevimen shall be
ket @ prrmel mesmremmacs g il [T me (048 0.
ream any edge. smless 2 i Enown bl jdeatical reeels arc
oblszed when ssarsmnnts e mado o o leosr deranie
Crems an eige.

612 The dumismes of the rpecimon thall be N sl parallc]
O¥ES BB A 10 el (ke peehRer (G021 camarl t ipecaman
oves an deed havaag o rlius of af |eas 6.0 man (024 in.) from

By Miler smmsnlasiiaa w1 leasl
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FIG, & Desell af Indwsder Extamaion s Giaplay Adivatmant

"l

fi.d Typn OO, CHMS, and M test rpeeamess sharekd bt ol
fmant L33 mim (009 in ) iy eickness, snlais it i@ knoww
resulbs epurvaioes to the 1 3 Semmm (.05 | velurs are chiamed
with & Ssnner

611 A Type M meximen hai s met of & eonligesiion
describesd in &1 1 may be composed of plied peeces io ebiain
the nrenary Ouchmess, kg determinstions made o eoh
pevimens My oot agnee with those made e sl speciemens
because the pmfaces of the plied apocimens may mec Be o
coimplois vomsl. The loeral dmcansns of the smaisen
sruld be pafficeeni 1 peredi Eessuremeniy o least 150 mm
{8 L0 s s foum sy edge anless i o ke tha iden ol selis
art petencd i Smaumrtinest ane Ssale gt diol St
feom &= edge. A sudebls bawlerry detsominaien canmel b
vy w= an wesrvem gr e gl pemt af e ek e edesior

6,27 The Type M speeimes, when ceedigund s an ssing.
ciprules Bamd, of ether sregular shape eall be @ keag | 25 mm
(005 @ b in covamprctondl dismeics, wmlon @ o knrws thal
e L ek b thie 1 Semem (0 (15 | v aie clitasngd
with o thinne specimenr. The specemem s2all be snlably
wapporasd in & Extmre (Fg. 3 @ proveds for pesitinning and
eality

6.3 The mmumum mquiremest for the dackness of the
wppcimen o doperddent on e exlonl of pessiesion of e
mdeeter mip the specimen; for exampls, thiveer specimens
miay be wwed for misiestila havieg higher hatdnes valses The
minisem disesee [rom ibe sdge al whish mesmremeny may
B made Dhewse decessed mn the bardess inceesses

7. Calibrution

7.1 Fnalenrar Exfenzien Adferonen! Prosedune
1.0 Faes peecisins ground dimessenal blecks (ke B

o helisr) pn e dupperl Nahds and bescalh the duismcic
pesser (ool md indestor. Amanpe e blocis so et the
h\“mhﬂmmmmhlmﬂh

ecotesry 10 ohaerve e ammsgement of the
menuer feok/indeahs unser 4 maainvem of Wie pagnifiesan in
AP pEOper Egnmanl

712 Indepior exionmon & shape shall be @ acoandanoe
wigh 5015 L0106 o 5 1.1.7, mupeetve io deoimse type
1 [a throegh gl Examisation of the mdeoor ander
it meagmificasen, Miw foe Type M isdenbon. i requesd in

T D 15 BE1: HTET W02 ]

L ]

enamne lhe mdentor coodion. Misdapen o damagrd indone
toae wiall ba

T1Y A cmshinstsn of dmensioml gage Slocks shall b
used i achieee o dfiorence of 2.54 = S0 0254 i (0. 190
& 01 Gl D1 i ) etwmes e M Type (0N darmarartems,
the page hleck dimecsions am 308 + 8000 058 mm (1 333
+ QUilr=l). 002 in.). Fer Type M dommeiens, e gape bleck
ilisnsmalons aw | 37 & 0000137 s 0 080 « D00 033
[} bestweeen tem (e 4L

704 Carcfally lower the duromeler [messer fos wewil o
cumts the largesl dimenmonal blodils), he ndemur tap
should pus ceman e smeler hinck, vendying full mdenies
el T ]

T.0.5 Adpmsi ihe iclestnr saipnsen p 150 & 06 e
(0058 = Q02 (n) Foo Tyge OO0S dupteserers, sdyst the
indhestor exbimuiiin b 50 = A0 min @198 = 000 =) Fo
Type M idursmisipn. afjuil e ndesar extemaion i |29 2
BE2 men (DB4S = Q00) m ) follesnsg e memalasiney
revrETended provocse

T3 1 Wian porierming e procstsms @ 7 |, o dhoald
be meed 50 25 mot i e damape o the mdemtor o Fig. 4
ilepics & petshls ammgemess for paging mdenbor evmension

T.16 Peulielem of ihe deromeier preser food 0 lhe
suppoe surface, and bemce the Smernenal gepe binds, & the
lime of insramest caliralson, may be m oesdanos will T
Metheds (3870, Mackmigt's Micromenens, of (USrWle Ko0D=
plusbed in svordance wilh e procederes specified by e
i i

T2 Indesier Dipdey Adfsptmrm:

T2 After adjurasg the sdenior extencen 45 indaiod =
T, e b sl “ﬂﬂﬁ!u“ﬁhm.
indicatied dioplay = fwo passts; 0 el 100 Pollewsag thae
Al lwrer 8 revomsmondsians. welke adrerimants s Chal

T12 The mdicaier displays 3 vaime equal o the mdemer
lemwvel messsd b wibin

wfi § +1 ) dareereier units measuesd ai 0,

=8 50 chonemetes wan mesered & 100,

2§ durpmeter units gl all siker pusnis delsemad & 74

T.27 Hack duromctier pos indicaed i3 cqal o 30025 mam
(000 i} ol endecier el sxcopl Bov

TLAL Type M Desamaess. sach sdicstsd pnint b squal &
B.BLES oum (DS @) of indentor Smvel;

T2131 Type OO0=d Dusmelors., sock adicated pout o
oqual o {UITE mun (8 BO2 in | of imsdestor el

7214 The mdficaer thall ner displey a valne preassr than 108
oi ks this @ it the teme of calibresen

T29 (hber meam of domrmining indemer exizsmon o
inafieseer raved, suck & opisosl or lser measmremen methnds,
aie mveghahls The smtmmmostison wied dhall keve sneabiliny
ap desgribed | | 4,

T26 The duromcter shall b diippestod m a i labic fuios
whes parloming the procoderm denceibed = 7 | and 7.2,

T3 Calibranan Device:

T30 The durometer sprsg shall b calismied by mppans
lig e dipoemeter i 0 calfwiting daviee. ssa Pug 3, Ina
verl pomtion and apply=g 2 measurshie foore G0 e
imfemn fip The fomoe may be medsssd by means of @ balasos

s Parilps camada-diias piienoasl
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i idwpicssd in Fir. 5, or & eloctresic fores coll, The galibesing
devien iball he sapable of mesissing appled fmce o wikia
G5 f of the meumune spoag loee nesary b achicve 100
daromlar unils

132 Care phaadd be when io esgure e the fome |3 applied
wertically 1@ the mdemor tp, i bmeral omwe will cause oo
im enlibemtion So 7150 = T 14

T Spring Calbrarsse=The durometer shall ba
calibrmted at displayerd resdings of 10, 20, 30, 40 30, 60, 70,
0, pesdl W The measured ferve (% &0 mase in kilsgreena) sball
e wrthem the sarng celifration selerarce specified in Tosle L
Tihle | wlentifles tu messured (seve aggand in ihe imlenios tor
the cnisss panpe of e imerumen, alibvsgh ii (s neosimary saly
o verify the spemyg colibesiios o poingy eed heserm

148 Spring Calibratios Frosdese

141 Frwe tat the oulenss extensen had been o jumed
m aciondanc: wills 7 1. and the Lincér mligoaksp botween
ncemonr travel ! dlapley b0 o specifed s 7.2

7.52 Maps the durmmeier in the callhmlion deviee as
depicied s Fig 5 Appdy the fnees indioates] in Tasle 1 an thai
forves sppliead are alignad wilk U cenierliog of e indenior i
i fashiss tha eliowinmes shock er vibsion sl sdjus e
r“-ﬂl’ wrerhng to manulmbecn’ mesmeslitione
153 Az the pesnts emumeraied in 74, the displey sall
indipale & value egual W Q0% mm (O30 in) of indesior
wavel. Fer Typs OO0 durometers, e display shall indicats
& value eqoal o 005 men (0092 m) of Ddemor mavel Por
Type M daromsiess, The demilay dall indscsin & vslue cgual in
G018 mm (0000 in) of indesinr imavel witkes the sprieg
calibroees robormnces spenificd & 78,

T Sgring calibrabion miermmnas are = | 0 dursmele e
for Typea A, B, C. D, B0, and I, =20 dursoneses unils far
Types (O3 (M0, and (ONLS, s +4.0 doremetier unio far
Type M. whils sl srdivsng holew 6 e abeve 100 o the Bme
of calfsearsnn (see Tasle 1L

T Epring Ferw Cawmblagisas

Copymghe by ASTM Inf jal nghen rosmed; Tw Do |7 S0 IRT AT

7.7.1 For Type A, B, E. and O Sercomsieny:
Powe, M = 099 + D75 HA
Wiheee 1A = hardeess roadag on Type A, B, B, and O
despmsters
7.7.2 Far Type ©, T, asl DO daronien:
Fmige, N = 84445 HD
Where HD = bardmas resdmg oo Type ©. D. snd DD
ibaEmelar
7.7.1 Far Type M dussacicis
Fome, W = 8324 + 004 M
Wihere Hb = hardness sesdag on Type M devmeten
7.7.4 Fur Type 00 and 000 durcmpiers
Feire, N = B20% o O0E B
Where 1100 = hardsess readiag an Tree 00 dssomeiess.
.03 Far Type 003 durames=rs:
Fises, N = 8167 + OOITAS HOOO0-S
Wi [Ned = barnei madag en Typs (004
demelery

TA Tha rubler solemese hinckis) pressled dor vonlyag
durnmeter operatwa and siue of clihration are ool o be relied
wpen & calibeamom sismdards. The caleation procedees
eatlined = Secies T are the oaly valbd calibealiom procede.

T.6.1 The wee of mesl reforece blocks s oo losger
reoinmended (epe Mot 30

7.9 Vemfying the sms of doomeio calibewsen, dsvmg
rutine wer, may bo sromplithed by

1.0.1 Verifying thai da e madisg b me mevs thes |
Eiliaicd pdgn! abave bord, and B bolow Bt (60 Sustiecicn
wr equipped), whem the deremesr is pesitSoned =0 that oo
wninrmal farwo o placed spon the mdenis

T.0.2 Verilyving tal ke 100 ronSng is oo mone U 100 and
e |ess Saan 99 when de Geremeter i povitionsd on @ Bal
wmziace of a pesssetallic saienial se the Be presser fool i in
eamplels b, eliung the thissior 16 ke Colly sesracicd

TH.2T 1 ds bewpurinn! that whes perfoming the veriliosien
of 100, s desordbed i 751, (bl ewiresme care be ulen =
o fl cmmde damage o the indesier Vemfeaion of the J30
walup is wei recemmenced foy dusmeiee bving @ geing frace
mealer ham L0 N (Types ©, I, sl D00

7023 When perfocming the werification of [0 ar de=
mribed & 791 (he mesemplal mealevial shall he of a
lardness valns grewier am 100 of ibe nype (eosle) of e
durnmeier bring cmpleysd. ghass af o thickogss
reaini dan 6,94 min (0 in, )l been o stadasiony o
s apiscabim.

T3 Verifying the doplayed mading & any ether posnt
wiang oesmervinly avellsble rubber roleorso hlacks whelh
e copified woa staied value of the type (smle) of fe
durtitusies hidng smploynd. The diaplayed walup ol the dirss=
ﬂ'“mm?]ﬂm“ﬂlﬂlﬂm
Wock's siated valoe

7.9.4 Verifioasens of e sonn asd 100 maEnge of & duess
sier previke icasmablc s thal e lince mlalleasip
betweon the indicaied display #d the dommelor mectarsm
Feanaan vl

Dirmagrade] prasa] by
Ulptemyabad] Bpemsl i 0 slarida prevesd bl ssem Spreeaenl i VeTEr i Badi e gl ol
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V8.5 VerSeals of pexats betmeen mero asd 100 provids
ifligaahis BalrLagE Ehal the peEviliness selalspsdhio hetwnen
the mliciled dizplsy and the deonde michsmiim Hpain
wiled

THS This s nef @ caldeation preapedan, if Lo @ e by
whirk w uper may restinedy verfy ! s dursesster sy be
Sunrtianimg corneoit | Ses Moie 1)

& Taborstery Atmoaphery and Tesl Sgecines
Lenfitinnmg

i1 Teats shall b condugicd m the wasden] laberatony
aimsaiphane, & defsad (& Practics T[4 Seones 41

B2 The memmest shall be maintasnd in the Smdand
labsrmnry @mniplsns, a0 dafined in Priciige D905 Sscion
4.1, Sor 17 & price 80 porfoeming @ besl

AN The spmoimes dhall b condiioned in ssorlecs wilh
condition 4323 exchasive of bemadty contrel. @ desonbed in
Pracisn 19608, Sretson 6 0. Frooedero A aod lesfed undar B
wma wonditam, eabisive of humslily sentrul

4 These provedures may b modified o agresd upon
Balween leharaiories or brseen anil mer and & in
aroeniance with alematies procedores dentifisd iz Pacice
Win

5.3 No coochesve svalanion by been made ce daremetess
il emperdiams oher tham 3310 = 20°C (TRd * 16°F)
Condsnning ai eeperatees cther than te showve may thow
changes m calibrsen. Demomessr nse @ oihier
thinm e b skl b devuded lnwally (sea Pesanive 171 W9

B Pewriilieg

81 Dpermting Savd Operanien [T 1 Opevaning Stand
Reguired far Tiope M)

G811 Core shall e enpsvised i misssien it copamres of
thee imsrement o esvirnnmental oonditens thal s adverse o
the performesss of the isstrumest, o alverssly alea ies

resubs.
S.11 Adgeri the presses fooi 5o suppont table parallelam s
desoribed in 10120 N i sevesnmry 10 malie 6y admetmen

each ume the suppon tkis o meved o soccommadale spee
mend of verping desaniiens

S0 Prer w combuciisg a ten adjor the vesieal datanoe
{rom the prosses foot ta the contac sarisce of U o3l spariseen
254 1 mes (100 = 0,100 in.), esbess i b knewn bl
bdemiral pecairs ars ehiadeed winh pressey foot & a prester o
Tewaer verlical dimmsee from the deit apecermen oseten mrlice.
or if stherwase sipslaisd by the manudsrerer

14 Placs the specimes on the apecimen pappor ke, in
4 parrer (sl the oemiail poinl of (he indssing i = avenlines
with Sectioe &, wmless 8 5 knowns thee destics] reeslts as
ohimsed whin mpsssrmesis we made with U wdenior ol @
legmer distance frum the sfge of e ien specimen.

915 Actsie the relewe lever (Fig 70 of the opersing
i g grmvdle B olevemeckanivel device, allowesg e
dhmameer ip desoend ai 8 comirolied rne amd apply the presser
foot w the spesisss in saoprdanes with 5.1, 2 In the dase of
“spenmen i mdsser” (ype opermng smds, operaie e lever
or pilesr merSanism 2o wpply the specimen op the mdemer in o

Clrprghe iy ASTH Bl | g ressoved ); T D |5 BEIEEDST 2000

H‘ﬂﬂuﬂh

b akrming B L

wumﬂﬂmﬁlhﬁ- 16 Wk
duremeies prévaes o withe shock snd wil fon eefficiess
Pirits T rvend (ime Cie calind led] spring fects di showa in Takse:
I

¥.1.6 An openming sand e the miss o a4 oome
‘troilied rae of descent. whout deck is mandstory far Type M
duromaion. Hesdeld sgpiicatan o Ge use of & Type | o
Trpe X operating siznd for the Type M dommeter & not an
waeplahle praciee. jee 3 104

817 Fer any marerisl coverss in ! |, onge the presger foom
is in conao with the apecimm., fior example. whes the (mimal
indenter imaval bhas cemind, the munisae indived readeg
shall he secorded The ome imervad of | o berwess Inimal
indenior irwved ouaation and e fooending of the =il
reafimg, shall be conmdered mundard (ther ume mervel,
when apresd o aineoy labarakerics o borween supples asd
uses. ey Be used and eepored arconlingly The Ediomed
hednesd rmading may dlange wih time

8100 H e durometar & oquipped with an slegionms
st midicser o Gning devie (efor e 50 1Y) e
inEsated madng shall b reonisd wihin | = 03 ¢ of e
coasdbion of ihdeatnr treveld asad popueind (eedes 6 1020 Sow
roperting protocal ], sy olberecsn moted

#1072 I the duromeser s equigged wilh an ansleg Type
e e icemesr (eefer e 5.0 L 10 the meniesn swbhoaied
vemding mary b recnered and shall be repored (reler o 132 %)
upledi plsewise sl

P17 E e dorhmess |5 pol cquipped with the dewvexi
denmibed @ 5.1 .09 @ 50000, e inSewicd madesg shall be
rpcestled wathis | 5 44 o pasdibds and ispired (el w10, 25),
linlest clberwim ol

S18 Mk five detervinssons of hanfsess @ &Teoani
posticas e the specimes ot leest 6.0 =m (024 o ) apan, 0580
o D080 i ) gt Jow Typie BE, and caloulae e anchiness
mean, o diomsively clculse the median The means of

anp the determinasons ssall be repored aconding =
([N ]

Y Mamma! (Hand Held] Gperation s Dewwriee

9311 Cirn aliall ba puswgiond io numsming the sapene of
Lhe instrument ie mvirsemenial condihons (hal are adewerse o
the perfermance af the inrtrement, & sdvesely afect e
ressis.

512 Plae the specmen onod Mail, kand. hevizomal sorface
Held ihe demensier in & verival phoilon wilk te indenior Up
al & distenes from any sdge of te spevimen a3 deseribed n
Satines b, uniless @ |4 inewen thal idemacal resslis dre shiained
wihen mesmremenls ae mods with Be mdssiar @ o8 Jenisr
iisancr,

2.0 Apply the prnieer foss &6 i specimen, maisssmning i
inw vertical preton krping B proess oot pazalicl o
spesimen, with & Srm raseth dewnwad action th will gvasd
ihock, rollang of th resier I Gver The F-I._d:rh
applisatica of kol G, Apply sulScscnt prssum @ asran
M goilast betwwan e praseed (o dnd the apecisen

824 Fer any materisl coversd in 1.0, afies the peesser fom
in o8 pooist with e apscsmen., the indaaind reading ihall e
rececded within | = 0L & or efer any perad of e agreed
upes: amnesg liborsiores o botwsen mpple ond wmes, I the

L T TR TS PR e |
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ANEXO No. 6: ASTM D6110: Standard test Method for Determining the Charpy

Impact Resistance of Notched Specimens of Plastics

Designation: DE110= 10

Standard Test Method for

Determining the Ch-'p?r Impact Resistance of Notched

Specimens of Plastics
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draweeg dewn or mecking smd by o reletively lsw enesgy
ahiorpuaom) & 4 dude, high-cnengy hical (i ovidenood by
sotsdcablo drawing of noditing dows is s sogion bohind e
zonck ez by o relatsvely higs encegy ahsonpuan ) will pooss, i
i Spdosihry Tl G widlh be mitcd i the spocilicagn
cuvenng the masecial amd that e widih b mated slung with
e AEspact vakse,

Clapyrgle by ASTH i) (58 s sl Thee Dl L) |BCEESS ENT T 5
| b hgieeasa Ki- lother iopeshiorins aelanised

Diowricadedprricd by
Lt ekl i T

5.7 Ther teef moothod mogmmes Gat the spocmsn break
comjdeiely, Beaulls oblained when maling maiossls with o
pendulem ksl does mer have sficiess energy o compleie e
berakezy of the exirems (oo anid Sen the boken ey whall
ke vomidored & depetan bom Ssclinl sol sbell e b
reporie &5 A samdand el Impact values cannot ke dirsody
:uﬂﬁhnlﬂ-mlh-ﬂnﬂunmhuhm

lailwe

5.8 The valse of thin impan 169 mathid G maely in G
arear of yualdy cordaul and malenaly specdficilem I twe
groups of specimens of appasedly the same matsial shew
spnilivantly dfferent smergy ahioepaions, eettles] widihe o
erliced wmpomiuces, i i@ pomiliod o dideme thal ey wens
made of diferent msferiale or wom expoesd o diffeoar
provessing or oondiiening enviromments. The fsn Ussl o
eaicral dhows twite te encgy dbsorpiiom of wmather wnder
Bain pondilme nf wal doos ol oadices thal this pema
meiatinmbsp will exist snder seviber st of il cooditsons.

& Apparatus

6.1 Fendulss foopart Machime—The msisne shall ¢ours
of & maissve bass an which as mmusked o piss ol ssppaits S
kriding the specimen md o which & coozecied, throwgh a
rigid lmme and hearings, one al o sesber of peadalun-yps
bammsss hovieg an mingl eergy ssiable for use with e
pFariceEar reomen o b dosed (er une hasic pendulam
eaignad 10 e add=un waghls), plis o medcies holdeg
il relessing mechassm and @ meckesism fer indsaing it
brpaling chesgy of B epovines The ipecimes v,
pendulem, and frame il be sulScestly ogid e misasn
womee algnment of de srilong edge md specimen, kot o e
o of sl aed dusing e propagslen of e v,
anil 1y mescimbie: encrgy s duc 1o vibseten, The b ]
ke sulfisienily massive so s e impes) will Dol e i 0
move The meschine shall be desapnsd. sonersicd, il -
uined so the cnengy lossss doe @ pesdolus sir deag
Iwindags ), [reton & the poadulum beasings, and tion sl
wertia m the mdicabrg mockamam e held tooa mesimium

8,11 Pendulwn—Toe siagle pesiulum ahall comsint af a
wample ov multemendamd am wilh & Seansg on eea end sl
u bend, comtmming the siviking nose. om the sther Althoogh a
Lirps propesin of e meis of e slspls pesiulums i
eanienirsind & the hesd, 1he e mast be mSieeally npid o
mainten the preper clearsoces and geomeing relstionsbcps
beiwnm (he mschise parts amd the spevimes e (e sinieo
wibaunosa! ety |oesss, which see ddways included (n ke
moarumd impet valee A machine with 8 smple paleizm
iczign o lueraed m Fig | instreecols wiih &
pendulzm desigs alss bave been femnd oo b accegrable fer
e, A empomne ool dedlgn b dlusesed in Pig 1

6.1.11 The mackime shall ke prowided wah o besic pendes
bemn capable o dellvering o energy of 17 £ QI8 7 (20 2
10 nsl}, Thes il b msead for speamens el
exiract less than 85 % af this encrgy when breakang & spocie
men, Meavier pendulemi o addsional weights designed
atack o the b pradulum ssall ke providel loe sgecinzs



i | Bmple Bk {Chanpy=Type) lagadt Mintoes

it reqrare mare moegy b bhorsle A spnees of pandulame seh
el mavh b twice e merpy of e neat Bghler o has boea
frond pomeemie,

RE11 The effemive of the pendulum ihall be
berween 0825 and G406 m (D18 and 160 (0] e dhat the
seguired clevation of e sirikieg sose s obtained by miing
peedilumm b an anghs boiweon 60 and M1° shares the berizantal

601 Sinbing Edpe - The siikday odpe faofc) of the pese
dabum shall b mide af bardoned ilonl, Wperod W bive an
mciuded mphe of 45 :3 and whall be mended 1o ¢ o of
117 = 012 mem (0128 Mn|'.|.‘l:pudn|.—.dunk
Illrldul-h--qlld-hn!h % fren hanging
mnmdm_nllknhhmﬁuh
wizhin +2 54 mm (810 = ) of tbe maddle of the line of cosmun
el by 1k inking oo dpen the (e of o standand spodizes
of aquan e inrLien mm-hﬂumﬂuuﬂﬂ
e e imnler af povasson i dceamined
the perind of moties of small amplimde Iln'.l.l.d-lfﬂl
peedulnm by meins of the Inflewing squsion

L= [glietp! {1

Cigryvigh ey AS T | il g emmr}; Thow D LY 13209 ENT 2000
Dvieabnlpmind by

b L
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m:mum“

dEatanie foom the s of sppoot 15 the comes of

mmmim-m L
dmpﬂnmm:.m

31416 fds" = F04%), ad

perind, in o 6l & segle (ompleic seisg (10 and Ene)
dalermined brots @ ks D iemescutive sl umsslere
mpled swimgs. The aagle of ieing dball be o s 3°
wach pide of conlo

B.1 Y Ponduless Molding and Brbeaning Meobassimi—Ths
reecupmam ghall be designed consirected, and speraied = thai
i weill reledie: e penilules withio Esparing scelonon o
vibalion Lo ibe peadulum The posiin of the
hilibag and relesiuig Aneckanid i bl be rpph il (hi verisal
haight of fall of the sirikieg cose shall be 610 = 2 mm (34.0
= (6 o Thas will predoge & veiecity of the srikisg mese
il e et of mapan of spprosimeiely 5468 m (114 P an
deermned by the folloemy cquaise:

™
P

ai By Farfes ommenladices aelanasl
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weleily of tho seiking oess o e mamest of g,
el pravistional sechwstion, sl
vertical beight of fall af e sirliong nose

This sasimma W wisiign m frution

.14 Jnecimen Supperts—The losl mpecimen szall bo Fope
portzed against rwo riged anvils @ uch & positios dal @ ceni
ool gravily and the coavier of Use sl shall Lie o lanpesd 9 the
arc of travel of the cemer of percession of the peadulem draws
ai the pesicion of impmst. The sdges af the anvils shall be

L
g =
| et

reunded bo a rsdos of 317 & 002 mm @115 = 0005 o) and
whe anvils' fines of comact (spm) with the spermnen shall be
M01& = 0.5 mm (40 * 082 in) spet (aoe Fig. 1) Seene

maghine manuisciurens sepply & 2g for poiiieesey ik speoe
ST D E SuppeTis

Mo Temare mewbims susrealy & e ompley o L0 Smoen mpais
Dty sleaied il e ssndiiions aoe vilid *

ol Y fdireren—bdeans shall he peevaded fos dessmuning
the enespy expended by the pesdulum i brealong the ipecs
men This & mcompished ung ciker & pointer el dial
méchmsiuen of mn clectrosic e eonaliicag of & &gl
ndicear aned sensor irppically s emwder or resalver) In
either s, the indicmed hresling energy o detertiasd by

" Soppeciay du aer boen Sled a ASTM 2
[ ™ - W W [T

T D 15 51190 TFT 3402

dpiesting The Beight of rise of the pondshum bayond the pom:
of sspmct & ters of entigy rowed fees kel speoilc
pendslim, The idesied fenamang ey sadl be ioonied

vide graphs mo tables b0 ssd = the valsalation of the oerectssn
Eor fsninn mmd windege, listeucison fer makisg thew e
Iofini e Tpmnd sn Asnen Al and Amney AL Many dignsl
indscarmy symerns sminmaically oomect for womdege and
un lsw (his is performed

& 16 Appendin XI describes n calthranon procedues for
ailablaking ©e acewracy of the squpmont. A check af 1
celibatinn of an impaet meskive iv difficol o meke wnder
dyramic coedilone. The hadsc ErATmTiey Hoemally o
cheslel under slitke eondimns. IF Se maching peaini e
stalsr tews, e i & assumed o be scours= Appesdon X3,
howeess, also descrbes o dymamss e foo checking cerims
featwrmd of the mesens asd spovemen. For some mavhise
desigms. §l o= be Ecccismy 10 changc The reiimmcndcd
et of ey the reguieed calibratios mearsemenn
Comer the machine manuisrer w delermss (f addinnad
insrezrinns for adiesimg & particolar macke= are gvailable.
(lihes meghads of perfsrmisg the requirsd dhechs am apieps
able provided hal ey wre poves @ meull @ oan spvalen
B

42 Specimen Metohing Maciiineploichog shall be dose
on & milbmg machize. engine lathe. or other raisble machine
legd, A carbideetipped o7 inderil Samoadipped soicking
cuflon i revpmemended. Raoth camar spoed and Sed rate shall be
comailable Frovieon for eooling ihe spedimen @ recom-
nzanded. Wimes and comymnued ai s julshde coalety jos
many plastss

BT The profile of e ousting iwoth or issth il b jock
ai o preadece & polck o the =0 spenmes of the cosour and
depth specified in Fer 4 and im the mesmer specified = Sectien
i,

623 A payglesns ossier shall ke used for noching ihe
IpecEmEn, sneal @ o demensmabed ot noicles of @ oequnves
leni gualicy sre prodeed with @ mulideeh ooz Sisglesl ek
cafters arc predared because of the sise of pmlisg e cutes
I bt ageicitmtn canmiony wnad bewamns of the ssothes ol o e
ipermseh, The cutting edge aball be progsd el hoaed (an-
fully i ensare sharpeess and freedom from nicks amd bums
Ty with o palits sad o wesk relicd angle of 15 19 307 haw
heen found sisfacery.

&3 Miv resetery - Appiass D7 seailemest of Se wellh
of the apopisen shall comply wilk S rogememesty of Ten
Blathods DHSIT. fer the measuremest of e depd
of planly mastesial resaining in (he speclmes ander e nolck
shall comply wub sgumremeniz of Tes hlethods DEET,
provider however that the one anvil or preseer fooi skall be &
tapesed blade gnnforming w e Enenilons ghven s Fig 3
The spponmng wmvil o proses ol diall bo Rat and conformang
to Teat Beletianada T¥iRe7T

s Farilps camada-diias giipyoasl
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Hpecimen End Vaow Spocamen Sele View
P | s e Miseeean] b Tee! Speimbng

1. Tedi Spevisaes

7.0 The el epmcimes shall sonfiom b e dicetesom and
goomeiry of g 4, cncege o moddfed is accrsdance will
T.2-T 5, Te e The 0wl eofloer dnld oot of the
apspified peech, ol specimens ikall be noiched i spocedsnce
with Sectsm i,

Cogryrgha 'ty ASTM taf il roghvs mesevasd; Tva D 11 13290 B5T 3001 ¢
v rmpwd proveed by
A | bres Spiesane] b Vel oamselaisas g1 leasl

L bes el ik

1/

WIDTH OF SPECIEMEN
SHALL BE IN ACCORDANCE
WTTH BECTION T 2

R

B8 BT
A i
wEmin

Tl v

Al win
TGN & waRk
AL BT

A De=gnmsea of Sireple Beam Chaepy Type Impart Tess Specimes

T2 Bsided shall have & wicdh beiwesn 300 and
127 men (011N and 0900 in) Uhe e specimes widd as
spedified = (he malenal spwifivaton. or &5 sgreed wpon
hetween e st and e Cusinman

T30 The type of meld and moldesg makine wed and the
flerw behawior in the mald coviry wil infisence e sirength
ohismsad. @ i presihle e reoshie [eom o seimes Lien fem
coe end of o moided bar will give diffsrent reslts Gae a
speaimen tken fom the othir end B b5 teseloee (mposiani
Ll gou Leboralerics spres on mardent melds condirma
ing & Pracice D47, and upos a stesdard maldisng procedane
for e mserial wsdes izveslypsinn.

T22 A critieed vesmigaties of ke mechanics of impaci
Iertag bas almn ihal seals made upsn spocimess wader &35
e (0250 ) m width abserts mese energy due o oruskeng,
hending. =l iwisting than do wides apecimess. Spocmens
B3 mem I m) o ever = wahh e therelere recoms
mended. The raponsdalny far the ERinIEIM
spraamen widil ahall be the =vestigma’ s, with e Telomno
L ke speafication bor thal malerial

TLY T lmpawt mamiance of & planic maicsial will be
diffeveni if the neach is perpencioalar i, ratber thae paralied i,
the direcisn ol maiding

T3 P abost malerials, the spocimens shill be ou [rom the
shoet i bethy thi lanpthense ed earwig direcists i
olberwise mpeciied The widh of the sparimen dall ke the
thagioacid of 1he sbect il the shect iBndiiacis o hetwsen 100 anid
127 mrn (0L 16 el O 500 fr ). Shest material thicker tham 13.7
s 00500 i) sl be michised dows o 127 g (3,500 in.),
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1 s mbcoplahle v e specinmas with o 12 Tams (05004 §
WJAETE CETES SO eribey adipewise o Rarwese a8 o fomm ehe
shirt Whes spacamens are iesel Marwise, the nouwh shall be
misde o the markimed serface of 1he specimen s marhined en
ome face ealy, When the specimen s qui from a ik shert,
eetating shall be madle ol (ke pedises of (ke thichaen of the
stizet freom whick the specimes was mt, for sxample, center,
. &t hoosin meiice

T30 The impsi resimtance of & plasis maienial will be
disfferet if e nosch s pevpendanlar . racher than paradsl i,
the grain of an ansotrepss by ol e 8 absel. Spesinos gul
fromm shesis thal are sepecied of being asniropss shall be
punperndl mmd jebsd Wil Imsgihwism and emwrsion W the
domstion of thy sssotrepy.

74 ﬁmﬂmm clampesg, o7 pikar
wige combening sperimens of subsizndard width o form 2
compasiie et spesmes i nM ecommended snoe et sl
will be reviously affocied by mterine efevts or effecw af
wolvenis amd cements o abeerplics af compocie
ipwsimens. o bk B Charpy teat data on msh T mabarials
arz maquined, bewever and o possibie somwos of cmer arc
ooy s w mmeiahie, Ve bnllewesg leshniger of Eeps-
InE sompeies caehd to e otiloed. The testl spevimens shall be
a onmpoeie of insSvidusl thin specimens iotading § 35 127
o (0 )RS o (U300 in f in welth, Individusl members of the
compogile shall ke abmed sxursiely walh esch olhe and
clangail, belted. @ conmnind wgethnr. {er mus b téim 10
seleet 1 sodvent e adbesive at will ool affec the impect
eneiptange of e mamnad unies et 1 alvents oo sedvrnisoms
tmmg Adbeniver me ceploynd. a wshiliimey preendes thall
he eetahbdked io mrure complre removal & e miven pros
B el The rpEwimens il by meschennd 6 maper
dimentivos and hen neiched In &l pech casee, e wm af
wampruile spnpcneend slull be el 2 the copand Al e oresie

7.5 Each specumec wimll b frew of twisl and shall bo
borgteled by mulsilly papondsular pen of plaoe, parasisld
st and e ffom svilches, pits. and sink macks The

whall b checled foe oosldoemiy wath Letss oogaurs
Eoe by wanal ohacrvason apunsl might edgrs, sqoes o
Net plalee, azed by mcamzing wilk exremeer clprn Ay
ipsgimen ihowing nhesrvable ar Esadursile depatars Bom
o o meee o heee 1 #al be mjeriad o
enachingd = (ke propee sbes and shape badors sputing A
duscmer that hi 8 slaght rwail o it setched fice of (L0E mm
(DVOET & ) ol the point of pomes) with the penclles sriling
eilge will ke Ity n have & chaucienimne faoure serface with
vonmderpbls prester Fracting met Than loe & earmal b, Tn
this gie, the ensrgy 1o Sreak s ines e Sesien scting will
be comalidesibly lsges (30 10 30 %) dean fon o peemal becak

£ Nelchisg Tt Spromans

Morm —ten terting & mwtnrnd fer dbe e b, 0w seceneey e
alicdy dme sl ol ol vpnanang e Saking camejiome, |masng
sl dremiatn, e Jopd, ounsr dpeed] asd Bed e To cnslisk
ihwt B raeaung pammeien s bl 5 @ abvaskls i pegh seerad
apsma it ol et Ml wal igetad el e el siranes sl ol Su
aide off cuck meivded 1 m il Append X1 Ao
mm-ﬂumﬁm&um
Ay (ailiiia diall G e wid 16 Gl demmunatias of Sl
RISy

Cogrprigin iy ASTM ff? bl ighs meservn, The B 11 15290 IST 301
ermvd e proveed
A | bres Sgiesane] b Vel oamselasias g1 leasl

L Basmml il ol

B Netoh Dissemsiene=Tie noleled sgie of the seuch
hall ba &5 = 1" with & enclies of curverone & the apex of 0025
= BB mm (0050 = 0902 in L The plane ksecting the ssich
M?ﬂhwnhm&m_m

601 Thee noich is o oreival Bsevor of this et 0 is exivemaly
irpevient, therefer=, o dimensions of e moch b the
ipecimen are verfind There o evidence dal the comies of
uuﬂummmﬁdmﬁhmmm
by the games euiier will difer. In is sometinies
the wutier denensans -lnﬂlhpl-hm-.m'-dllllh

L3 & mofilmg oparstion seisles ane of M ipoomans
ples the “dampey bers”. The speczmes noich produced by each
cuser will be pxamined after H notslang opEnlsm) oo

less Erequemidy o shrw they 10 e accepiable The
spesimen wed o venfy the sotch shall be the szme matenial
thatl i houmg puepsred] dor desting Enpest msd venily the mich
in the spocimen. H the aagle o adins of the poxd doss ool
I Ehe ppquirnmsenis of § |, the cut shal be replacod 4ne
prosmdure o inspecting and vexifying the seich is prevadsd in
Appenidin X1,
. For SThs combrar of ey nosch madhy using il il cumers
thﬂﬂl“ﬂﬂﬂliﬂ
hmh-u-mm.l ey pimaan

Korn ] Ol s e d i Sndieinad s besig ceiled b & mogerilive Meisdi,
and i domensirsied hal e aowd n e epeginem ks e comtear of
e v ol te e ol B the weish meare the Santeln mapITEEE
whes checked 1 scesrdanes wilk Appzedn X1, tes 3 agecplie G
cl thir pmidadl o Se b of O gulln E@etead ol e aaloh & e
[TUTEEEN

BT Natrk Depol—The dejsih of the plasis mssesal memain-
img i e wpeeimmen weier ihe meick okl be 1016 = 003 =m
(il + 0007 m b T disessios ball ke messured wiith
appemius & asierdano wilh &3 The inpoed bbals will ke
fimied i the noich. The specimen will be appreximesely verzeal
herween de anvils Possion e adge of lhe see=cavily (wuler
udge) sunisce comerrd om b micromeinr's Sai caoular sl

LY Cutier Tpeod andd Fred Rae==Bzlent the ouiler speei
and deed speed bl oo the meterin] being seaied. The guality
of T nvich will ke adverely afevied by thermal defermatinng
ﬂmlﬂuhl"ﬂml—!_um
eondicins are ot selecied.” The smching paramerers weed
thall ol sy fla physsal nsis of e mamrial, mxh @ by
raipzg lhe feopessture of a thermaplastic abewe v glass
[T AT RS T T

L3%1 In geoenl, biph cuber spesds, slow [ped rates. and
lock of coedant induce mare thermal demage San & ilew fgivery
o, fad feed spoesd, s the s of & doodent. Top high, a faed
spesdfeotier Fpeed ratin. howewer, ke besn. shows 1oz
Ipastong s srssiang af ihe sprasmen T paigs of dsiter
spendifead miios pussisie (o podece accepiable seiches bas
heen s tn be extended by the e of @ matshds cnolami

L3 11 For seme thomoplastics, smtable sofches hive beon
prodeced ming owser speeds Sem M4 @ 150 mima and & fred
ity al 1%t |0 memimeo willeut & sabar coalant. Salislactory

¥ Bapperiong duis ke bim dind o ATTH =k
ke whiaied Wi EeRng Kesael Repet RE 0] 0
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et abem Bave Mot produced usisg the e caes spails
af feeed spoedds of feom 38 eo 160 mew'sin wath weer coslant.

£1 ] 7 Embedds) thermnonplen bave b unad (o defer-
mnine the iempersure ras in ibe materis] sear e spex of the
ek durmy mackaning. Themal messes mwineed during the
eenbin g et ke v Beveed sbaervrd Ly Lo st smateeiala
by vieweng the specames at lvw mapmsfication berween coessed
peolars in menecdeninatls gkt The specumens ussd i derei=
mine iemperaiuee mse ssall nm be used in make desrmmeions
of imacT s

B3] The foad roic and e cumer spoed shall nain
consanl teppionl the nnichay npemisom.

A 1 s sewepuabile is sl specimens isivideally or in o
groep In sther case. however, m sneoiched Sackey or denmy
bar ahall e plaosd beliel (b lan specemen in e sample
bolder in prevem disiciion axd chipping Sy the ouiter & il
enits from the [an el ipecimen

83 AH specimens bawey one direscion less than 127 mm
(0PN ) ahall have the meinh owt on the darie sl

malded i shall s otched on e mde
parali=l 1o e diessuion of applcation of moléng messwe The
pmpsst remsasr of @ plaatis msonsl will b difsan O Ge
ootk iy perpeacinlar v miber than parallsl w the Srecuom of
minllang, & willi o aireas (he gin of o eslipiopic ba sul
Trom & plisie.

9. Conditiening

81 Chesk the matenals spesificacien for the msterial e (s
heing tretel If Dwre am ne cemilidicang swquisomanle dateil
comtioned gl 1 & 30T = LA and 30 & 00 % relaive
bamiEty Sor nol less tem 40 & aler nolching exd pogr 1o
tratay in swerdese wilh Prosedurs A of Prastion 19 8 welas
igumanicsl (hofwpen supplics aod custamer) Gl elricr
rondRinning e i selciond fur 8 ovea satomal 10 smach
WI“‘THW“

81 For bypreseps malonas. such ar sylens. Ge matanal
ipedefipaluami (B crample, Clsilcansn System Do) dall
fnor msting drysapemedded sprezmens Such regemements ke
promdnnis ovir he v Hﬂl!ﬂmﬂ“‘ﬂ
rolaieg hemidity Thee spcamchs thall b caled in walcr
wﬂm.-muWMnﬁ-
MbE Wese pooiBeni, minlBsie the cxpiedne Gme dering
poadhing axl mimm b et W d Gy omiainer aller
seaching @ allew for iell cecling of the mecinees sy &
Toilang.

83 Tear Candifimni—Conist gt 0 B ki) Lo
vory atmospiers of 13 & 2% (73 = 36°F and 50 1 9%
eeletve besmidity, witless ptherwiss sporifed, b pass af
diangrecment, e tolcrasecs shall be = ]°Coasd =3 % rclagve
bty
1 Procedare

WL Spcimien Prepanation

TBD. 1 Peequire fhe ledl fpoimchi i aieondanes with the

peocadures i Sewtien T Al leam dive and prefesshly iea ar
enfee sndividoll deormenutions of imguot maisteace shall be

Cogryrgha 'ty ASTM taf il roghvs mesevasd; Tha D 11 13290 F5T 3001 4
ermvd e proveed
A | bres Sgiesane] b Vel oamselasias g1 leasl

L Basmml il ol

s b deisrisne the weeanpe impar mainmen for 4 prrsius
lar sample The specimesy shall bz of nomisal wiss ssiy

10 1.2 Netch the rprcimens @ acerdanee with e preves
duie in Seciian &

101.3 Conditeen the specomens i accordance with the
rul-u:llwﬂl.-hl l-l‘h--uﬂlhlu!—'l_l.tl‘
thuars are me requinzmeres detailerd in the maieyizls
|pﬂd¢ﬁ.ﬁdhllﬂiumﬂnlu|rq-ﬂlnhhn

183 Mahine Preparation

102 Esmirate ibe beslony cnesgy for the sample and
felen o padulem of miakle energy. Select e lighien
itanaiare] pradalms (bai @ expeeied @ hresl of] specimens. in
the greup with ez eserpy loss of oot ooore than 85 % of s
u.lplﬂ,ﬂ-n--;l IT ther hreabong mevgy ceanol b matimsiei,
selet the cormect pendaium by pedfermasg mal rons. Use
cautian i gvoid damaging e peadulum by elocaeg a
pendulum that i oo light Jor & particular smple

Horw | by, in vt ol el e doniaed @ povaim indl

'nl-m I & PGS R BPWRERL S VR dETeand = e
. o St have s ingaat

1032 After wmatillag the snlesind peadulsm on ihe
maching, devk ke mekine fov coafermity wilh e roguins
maonis af Soitinn & befom Aarting e it

1023 'When snng & machise eqgupped wiih & pedmier and
ilial mchanism v an clecwenic dicaes the decs ool
woiemalsally comeel for windage and (romen desermine the
windage and fricson correciiom facires for de mackine befinre
tosing spevicrens. Wisslage el bartica oumsitien [srioo
shall be dstermsed oo @ daily basis end shall be calowlaled
sl lime weights v slded o the pesdules or i penislam
s changed Refer oo Amsen Al for infermsses on comstrning
windage s fricion cometeon charis of refey 10 Asnex Al for
n prasedurs v calilaie the wisdage sl Bwioon meemosien. [
ExoerAve iHction iy imdcoied (per X217 and X1 1%) the
s hing shasll he sljusied holoee insog speumnm Polles e
caching manufstarer's manstions @ cemeel for eosnive
windage smd Frstion,

Heomw L 3—Thr araml pomracizos ladors oy wredags and feesar will e
itnalier Uss s lbotn i i sulisl ool esais G seenps shasibed by
the i prévos e pmdudun Ges meking o Bl wing. The
iralismnd byaiirg cargy of e gpecenon. derefan, mow W moluid 0
the wolgrdopiee o fin sidgdes i

1024 Same machines equipped with = ddectmue dgilal
lispday vw enmpstsy ssmmalicelly comsprnses for windape and
Eritagn.

183 Spevinien Tesimg

183, 1 Chesk all of e specumess in the sampls groeg for
eomfonily with Se regeremenss of Secisoms 7 and § and 1001

1033 Meagure and meotod e wilh of each ipecimen afies
ngleing w0 tut ecdred O mim D001 in), Medee he
widih = see locstion adacent b |be sowrk cemteed abow ihe
arscipaicd Eacosse plase
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183 Y Mearare sl recond tbe depth of matecal remicnicg
&n i speximan under the inbch of sich spocimes 10 the noaed
GRS men (0001 i) The lapered blide will b Bned (o e
ok The specimees will be spproximaiely venical heiwess
the el Position Be sdge of fe non-cavey (wider edps)
smrimor ao thal il @ centered on e miceomeies Gol cireule
anvil. 3ee Fig. 5

134 Posdtion & e spocimes bersonially ss the suppans
anid spanil e mvis w0 that o sl be impacesd an the face
cqrpatie the nolch (sew Fig 3], Camier the ook betwoen S
anvils & cericning g is usciul for dis parpoes

1033 Raire sad moirn the poeckilum in te mbai meche
pasm sl meent e ssbicating musbanism.

1638 Release de pendulsm, sllowing the arking cdge of

the pedulum 1o i=padt the secimen. Now ke mdicaied

mergy.

VeAT Caleulss tha net biesksad snargy (s 11 1), U e
ol fovaking eosogy @ geedlor Usa 83 % of e pesdtalum’s
comuinal energy, e wrong pendelom was wsed Discard e
resmlt Select and mwall o pentulem with o prester available
energy or skl addbseel weight e the pendules, detesmiing the
windepe and [rictien sormection (o, sl ropest e 1oe 00 &
oW

ML S o fhe proper pendolus e med, 1o e pemidning
spocimeny 4 descmibed im 10.3.1=003.6. Eorcls from spece
mreens thar o nevt tresk shall be dascanded. A sprosmen thal dees
s, il e inpleinly inie faw o s ueend in ol ool desssd
te b henkes

1@3% Aflter all of the specimens for the rample have been
tesimd, enlcnlate the mupact resamanoe. in joules per metre, o
ench mdividunl specimen (see 1110

1081 Caledlss the aveags mpar watanss for e
group of speramess (e 11 3) Vishers obinined frees sperimens
that S noi kocal opmpleiely sball so be Exinded in e

aveTage

16311 Crlewlate Be siandasd devistion b e group of
specimeny (voe |14)
11, Cadrulatine

110 M Breading Energy—Sebtrac the wisdage and foo-
tiin lows gnery [ the sndiceed besaking oeerpy,

112 fmpucy Besimane o] tvide the pei esioeg snergy by
the mesaunsd width ol sach indivilaal specimes

115 Caleulaic e avemge impast esstanes for @ group of
specimans by adding the |ndvidsal impact meatance valee
oo es group snd dividing e vem by he ot nunshes of
specimeey in the prowp.

114 Calculabe de stamdard deviion a0 fnllews i repe
il i Tww i gnilices Sgurea:

ss VI(Er —aiva=-1 ET)

Clppegha by ASTM bei [0 gt bomrvsll, Thi Dl 13 19 G200 DR 20EE

Dhrwiiandel piiidad by
Sy P —

12. Reperi

12,1 Eeguat e [alesing onloemsaton:

1211 Compleie idesnfigation of the material iemed, inglude
img rype sesrce, mamslavurer's onde oumber sd previoo
himoiry.

1212 A sislpmea of bow the spocemens worn poopared, e
lesling avmlilivng ueesld. the mamber of bour e specimen
were rmchtione] sler eetehing, sl (or ahest essisrals, e
discroien of reating wak peapeci 10 EmuoTogy, if a=y.

1313 The cipaesty of the pondsiem, §

12,14 Tse span

1219 The widih ssd degtlh umder the sotoh of sah dpeoi=
e iered

1218 The ol mumber of specweny iened per samnple of
maerial [Shat i@ five, =5 e More)

1217 Tae aveagr impuc residmce. Mo laguct rosiss
tane 6 w50 e eogoeisd for et Wean oinplets biedka,
Reporisg riulti in ibs® o oqiional (e Appeeciia 4).

12,18 The standard deviatiom of @e values of e impan
tegidlanie of the specsiocns (6 10211

TABLE 1 Frmislan fer Chirpy Tes

L s tabintei

Pl L LT dluk El¥ BSd T
Pabylrnad

L B ol k] atar L il Ll r
Palpiatansin  Ba% Y=t REE B33 a8 1
Pubpiiriies o et X iad Bl Wi L ]
L1 it i A TE B Ta'E L]
“f, = i i i

Fordrt
¥y pollng S m b pal ke i Summtee o bys Lep el e ol ol B
it it e e

B, = | DR [ R Y

“hp w b bt e b cmiseiad b dlasdeed desaben
Lo LA S

b = Eapalaid S of [ ilary s,
“r ey crlaa] sl b eh b e dubE = T80 8 5.
PR b lernieren ool nisve] ket sl angin . B s 5,

13, Precision asd Diss

13,1 Tihde | is based on & round sobin” conducted in 1967
in scoeedance wilh Pewtce BS%1, mvalving five mabcrish
igsied by sme laberanenes. For each meierial, all smples wise
preparsd & one sowve, bal ihe sdovidual sperusens were
methicd and conilitionsd s (he liboratorics which tesd them.
Bach laborstary bzsind @0 oerage of mme specmens for pach
matenial  (Warning==The explasstions of ¢ and K
(13 2=1% 2 %) e (stenaded dnly 1o punanni o ioenmingfil way of
caniidensy the ippevmmee precisees =f s s ssibod The
dath jrcsented |8 Tabls | e nol ta be applicd 16 aeplanis o
rejelinm of maleriale, 2 there: data spply only 1o e malerials
tesied im e round rokin asd are sslikely do b goncasly

1 Buppermng dua b beas tid o ASTH 1 H
be whisimd B iegieiing Reemach Repun KE D0l | M4

E wnd ey

Bl brus Speapenl R Tafr ommes] g iens gdles ol
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mepresemtative of olher kots, [ormmlations. sondesons, mterials,
or |abmatomier. Ueens of this et methed are advised o apply
e promsiphes oullimed i Poticn B&0) o genoais data

specific %0 ther matrrads and or herween
lahormovies, The princagles of 15 201 2 % winild then le valid
[for push dala.)

13.2 Cancrpr af » snd & {m Tible 1 —I1 5, and 5, have heen
ealvalsed from o lege eeeagh bealy ol daia, assd for |60 revalis
mhar wess averiges fpm resting nine specimens for cach tes
refull, then

L3230 Repoasael s i e iniervel spresessing s crile
cal diSercncs hermess twn 1em cepel for the same massial.
bims Axy B s same Lhorsery Twe wats seaults aal] ke
sudlped nol egeralen if ey Hifer by moe thas s r vales i
ihat Esarial.

1322 Reprednoibshir—E s the minrval repressstmg 1he
pirtical  diflesrence between dwn ied il Tl i same

maaievisl, phismed by &iferes speramen useng diflarss aquips:
il m dilleresd laberatongs. nid necsesanly en the eamc slex
Twe weat peacls ahall ke redpnd nol eguivalest if (hey &iar by
eeee than te & vl for e materal

1513 Any pedpemest in scoordasce widh 13.2.1 er 1322
would kive = appeeumate 93 % (091} prebabilny of being
CoTTET

159 Theee are be repopmecd] simsdands by which o pali=
e Sl ol ted e methad

I, Eeywsrids
141 Chaspy umpacy, |t rensunce; sech sessitivicy
noteked pecimes

15T anidal vy badvrmufion)

Al PETHUCTHINE FOR THE COMETRUCTION 0F & WINDMGE AND FEPCTI0N CORERCTION CHART

ALL The comsimction aod wee of the dhart bevem desoribed
i based upon the assemplion Bal ihe fGidies and wislage
lnased mw propevicssl w the sgle desagh which thess loss
worgrees are applied ip the pesdmlume Fig. AL D shews the

nwﬂnﬂm;mw“m’ﬁ: AlL o mase-
Taptursss wupply shilage and Fraclenn ootreyiion chans far theis

ALT Srait e confracton of Fhe cormgtion chad (Fig
ALT)} by laying of w0 some senvenicst Encar scale om the
ahacisss of a graph e angle of peadclum poslion fer te
porison af e swing ru.u.dﬁlhulnprgpl—.h

mﬁnh bmging mferene: point om the
vight omad of e sbeslian wisk (he anguler desplssmeni
mcreesng linemly in the lef The abscissa i mefered i as

w

.-_i_‘-_l_\

[
l

»

T T
Y R [T -,L-
[ B L= THT =TT T
i
LinEa® §#
Rk ML £
G, AL7 Beihew af Corairssiion of & Wrdsge st Frictien Com
reElims S
o Ty RETHE o T e 19 B2 200 ENT O
Strwsmnded rrwied by

!l bl g aam il ivg ey

o
=

(T

CORBECTEON- LINEAN SCALE "D

-

4— LINEAR &
WONL INEAR ENEAQY =@

Fiid. A1 Sarelt Windagh ind Fricten Cairbetien TR

o

READING wiTw FOMTER-Lonkam Scaie "

o

-
SEAGING WiTHOUT POMTER - LINEAR SCALE “0°

Scule C. Adugh segpalar displacessnl (y e guanticy 1o by
repeesenied Imearly om the skarissa, this displecemes &5 mome
ey enpeosssl in teema of indiniied emengy ead from
L mrsgkine diall This wislds ¢ sonliness Svale © witk Elpaied
pendalasn cRErRy ECTSlanE W the opks.

ALY On B plght band eeiness by off & bnea Sedle B
tlartimg wills 2000 at e othem and seppiag # the maxioem
tcpestad pradulum fniction ssd eundage valme al the fep.

Ald Onthe befi enSmate consiroct 1 linsar Scale [ nopmg
fromn sese @ the botem oo 12 timees the mesbssm oodisate

s Farilps sl a-diias piienoasl
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walyus appesdag on Foale B, ol seike U seale fwice fhe icals
il o 1he contiuetien of deuke B

AlLS Adoining Scile I draw o curve O whih is the fecur
of pemts wisoe sourdinees beve oged valed ol soongy
comecion o Srake DV and mdicaied on Fale T. This
gurve i pedewmed 0 s Seale A and wiiloees the aee divtaion
and semhoisg 1yeom a8 G adsmmsy Scalc T

Al & Inerewciions fer Dsing Chan
Al& ] Locaie md mask on Scale A the readey A obasned

Teotn ke frew awing of the penduem wuk (e peister prope=
silioeed o e e hanpay or maxiesm isdcaied energy
it o et (il

ALAT Lecan aod mak of Sale B the eading B shiaiped
aler sovesal fren vwings wilh e podster peabed up clos @
e indicsied ercepy praiisns of the sl by the posisiem B
mmerlasos with mdtrechans m 10,3,

A1 6.3 Conneet the twg poists thus obiased by o straugid
lime.

AlGA From the indicaied impact esesgy oa Scale © pengacr
wﬁhmuﬁi“ﬂnﬁ‘muﬂ“ﬂ-h
ramertion for windage s frcton Bem Scale .

ALAS Babirst thie cerrecis frem e swlivaisd |ege
PRl B ehlich the cheiy delbveind m the specmen.

AL FROCEIMEE FUR THE CALCULATHN OF WINIDWIGEE AND FRICTION CORRECTION

Al The procedure for e calulotion of the windege and
Trictien Comecisnn @ Clis annes @ heend on Be ageinn
develeped by denvation = Aprendin X1 This procedure is
averptahle & 0 pabwtialn b the paphicel mooskae desnbed
in Ammew Al and i applsable i@ amall slecinmic calmiabor

and oompies analyms.

ALZ Caloalare [, the demance Bom S axis of suppart 1o
the wemtxt of peredsion o ndicated is & % 1 i sssuined hers
ehat e gemer of pesruine b approximately the sime & e
cender of s,

AR Y Mesure the mammam Sesghl, &y, of e cemer of
perosstion (cesies of sirike) of the pendulum o e siarn of the
el i Inchesied in X211

AL Mesrirs sl rocesd the enecgy eomction. B, [or
windigps ol he pendulem plul DEos @ the S, 5 delpi-
mined with the e veing of the pendeiam with no specizee
in b invieyg devies This coamstinn mss be read et
enorgy seale. By, sppropnss for e pesdulum ssed

ALY Witkewt mestiang e pnsenn of e i ebtisned
m AT4, peagure the ehogy ommreclion, £y, for pesdolum
windipe alwr vwn ackdiliomnal reboars of (e pendelum with o
specimEn in B tramsy devics.

ALS Calisdate B, o lollows

B oo - [(hEl —EJEJY (ALY}
whesz

E;, = energy ooreciioe for wmdage of pendulem plus
eictson wn dial, T 4n sy
By = lulacale seading for pesdubes saed, 3 (01060,

Copprght s AT ] (o8 mgfem resssad); T D |3 ER 1300 05T 2002 g
L T TR TS PR e |

H‘Hﬂﬂh‘-.

4 abmiag B L

L = disance from Tulessm e eonigr of srike of
penduben, m (),
hy = manimem beight of centor of sizike of peadahim at
il of e, m (),
Ppge = minves angls pendubumy will iravel with oes swing
of the m=wiaies
ALT Mleaiure ipeiamen boeaking stergy. Es T (i)
AN Calgiilaie [ for spedimes masiusmeed [, &
B ot = [ lhgE L= BT (LT
wilesre:
B = angle peadulum sravels for & given specimes, and
Ey = al peadisg heeslong eabrgy Dov 4 spesunan, 1 (0BG
ALY Calsulae winl mwresion casgy By a8
Bpe= | By =LK SR L (£ (439
e
Ege = tolad cormdtion saergy for the broaliahg chengy, . of
 ipesimas. J R0,
¥y = omngy somegtion b windsge of e pesdulum, 1
e

AL 1D Caloulsie the mmpant ssinee unnyg b Slloweg
[immanla:
0= |8 =E b0 (42 )
kit
f, = imgs resstanic of spoamen, B (1-8din | of widd,
i

1= widh of specumes o willh of seich, = [in.)
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AFFENDIXES
| il g b |l s bied
X1, FRNCEIMER FOE THE [NSFECTION AND VERIFPCATION OF SOrTCH

X1l The purpsse of Gii peovediec & o desaia e
erirssageper medud 10 be wind for determiming the oo and
angle of the ootk Theis Scsmrsncnts coubl alih be e
WEEE @ cumparses i availshie

Torm XU beTlet wrtli fiall biwv & anie of 025 © 007 mam B QLD
B ) and a ogle o0 48 = 00

X1T Appearaiar

XLLI fyical Devicr, wih meniies magnibeioes of
ke, Filar glass srels and casars stlockoesl

K12 Trangparent Teigplatr. that will ke devedapad i this
mrraedEme.

XL1Y¥ Raler

X114 Canpase
X125 Plestic
N

K1Y A transpeest icmplae musl be developed o esch
miapmfisation amd For sock msroscope used Bt s prelenkle
tha sach lahorasry sundardies on coe EsTTscope and one
magmBcdtion I e aet neeciey [er cach hbeostnry o e the
i [ — ]

Dvafting  Se1 Fgasess  (Tris=ghes),

K131 5o e magnificatsss of the opiesl devies al @
roiteble magnificaten with 1 Emmum meesfication of S

K132 Place e Fias plaas alcle on the micradops plis
foom. Foeui (he microesope s the most datineg of the Filar
szl iy visible

X133 Teloe & phosograph of the Fikar sole (see
Fig X113

K134 Creaie o wmplaie similar o thal shows m

Fig Xt
X134 Pind e approcimese cenicr of te pisc of paper

K13l Draw 3 awl of pupsndivular ceendinates e
Ut wumier poind
X134 3 Deaw & familly of comcentric cnchea thil ang spessd

m mxerdacce with the dimessoes af the Fler scale. Thiy sk

i scoomplishsd Wy firdl sevting a4 mechasal compas & &
anuuulummmmmmu ihe muspmifend
pltaggrapk, of the Filar eyepeds Subsequem gingles shall be
g €162 mim ageart {001 i ), e ringe, with the euls dag
being €4 oum (RS m.) frmm &e cenler

X133 Photsoopy the pager with (ho eessentie ciocles 6
mske & manspmosd bemplae of e coneesine virdes

K136 Consext Fig. X1¥ by takimg 2 second peexe af
paper, Snding s cenier, and maricing this peini
hﬂﬂilmwﬂlh”pﬂﬂ Rabel thin liss wgrm
depme [3°) Drew & scennd lise peependiceler o 1be fira bos
taressgh Ehils cotier poinl, Labed B4 line 90¢. From the coniey

Cinpright vy ATTM Iaf] {50 gt seswress]; Theo Dher 17 197300 EBT W3 |

Whl
b i o L

1.1

m N » o

O

Forn L] Ofw B fer i

oy Jedl | mam magar prsle. B8 mm manar ks
Fid, X% Flar Sosks

e o Bne thet i 44" nelsiive %o the 07, Label the Tom 44%
Dwarw nothor lome b 86" Label the line 86

X1 4 Place & microucope gless slide oo the sdceceps
platiorm. Plisx te nolche! ipociren on log of the ilde Focus
the mirrescope. hiave the specmen arvesd wring the planrm

£ knoha wtil the specamen’ s netdh w cenlemed e nedr
i boitesm ol ibe viewing swa Tako o parvers of ihe ssivh,

K14 | Deseommarion of Nedching Radiax (Flg X1 40

LU (AL ST PR T TS |
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Mk £%0 Evespls m Tranaparsnt Tesplow rer Deeeminisg Radia o News

X401 Pace the picoess an 2 shest of paper Position che
pivtiee a0 il betemn of the soloh i the piwiue lices
diomemwards e i steon) b4 mo (23 bn | Som ke botiees of e
papes. Taje the: [ietare dosw b0 te (g

KLAL] Draw ren lese aleag (he sdes of he soigh
ety dewn o 2 point whers ey impsrect below the morch
Poim 1 (see Fig. X1 4R)

H1ALY Open the compeas ie shom 31 mm 62 in ). Usieg
Foim T as @ referenes, drew twn asts iniesseciisg boih sles of
ﬂfiml’q X1 4C) Thess inisrssisoms are cslled 1o

1

XA A Cloes e domprias bo sbarst B8 mm (1 3 inL Uaing
Poimt Ia as the rederence poimy, draw @ are (2a) obeve e
pooch, dews o seomed ane (3 st gmessects with s 2a @
Puist I Deww o lse betwees 1 and 1 This esiahlsbes Ow
cemesine of the meoch (sex Fig. X1.4I9

X1ATS Pace the transpareni tssmplans on sop of the getue
and alige des cenier of the conoemric covles wish, the drewn
cemeding of the smeh (res Fig. X1.4E)

X148 Slide fe iemplate down the centerine of e noich
umil one eencesrin clils Lowhes beih e of The noich
Record the mdins of the seich sl comspare it sgainsi the limas
of B2 oo OF rum (0008 w0 0012 in)

K1A4,1.7 Bxassme he noick w ennee Dl Sere s o fal
spous aleog the measursd radiue

K1 A2 Deiviminaiies of Nesch Anple—ilive wespares]
template for determining poich mgle (Fig. X195 on wp of e
phetograph aitacked to te thest of papes. ot the paiuree
Ll bt momol vip i prmied iowards yeu. Poition e penes
poin of e iemplsie on wep of the Poist T enablisked o 0" s
ol i imtrgplale with (i sighl mds sieaighi postien of Be nolck,
Cherl the [eft mde straigie poouon of e nows i essore e
rmmmmuu'wu'm Il met, el

X1.5 A prluee of & soich shall he when @ leasi every 530
neiches o f o oonien] sample rves & vabye meside iy Sesipes
lemata e that nes

Clarprgh. s ASTH b |2 rghen russcsaad); s Dax 1% 68 1398 IST 2020y

H‘ﬂﬂuﬂh

b akrming B L

L T TR TS PR e |
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CENTER
POANT

Mk B Brmegls o Tranapwent templee e DEemee g Lagle & Mates

XL6 I the noach = e cootpnl specemen i s witkes e
eoguiremont, e a4 patune of the setchisg hlade and snalyss
il by the mme procoders sl for &g apecitnens nolch, IT B
eenching blade dees s mest ASTHM repuremesns oF shows
damage, @ shall be replsced with & sew blsle which bis hoes
ghedied lsr proper

Cprymghn vy ASTSM 1ufS o roghos: resamrvsl; Ths Tha |8 151255 T 2842
Drwrndesded proal by

X1.7 IF 2 pomer b bt cerroo Emasiions, bl de S8 vl
lar comeel ooich im the rpecimen. il will be Docomay 1o
evalusie othes apndmsens (oaier sl el ageedi ) 10 olain Ge
ool Gachk Simorme oy il Satcrial

(5]

i lei! Ik ok | pamss Aprsra il B Pacfer rpeill e bie s galas sl
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X2 | Ties cabbrones procedere appliss spacrfically o e
Chirgry st madhine

X312 Locwic the impec machins oo a itsnfy hase, B chall
e wwadl o the leaae aiad the e dhall g viboan spyevcizhly
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ANEXO No. 1: Procedimiento para calcular el médulo de Young

Por medio de andlisis matematicos y fisicos, se obtienen los valores de fuerza y

distancia necesarios para calcular el médulo de Young.

El médulo de elasticidad, o mds cominmente denominado médulo de Young,
resulta de la relacién, o el cociente, entre la tension y la deformacién del material. Por
medio del andlisis de los datos y las mediciones obtenidas del montaje se obtendran las

gréaficas de tension y deformacion especificas para el material prototipo.

La Grafica 1 muestra la posicion inicial del montaje, indicando las distancias que
deben tenerse en cuenta para la subsecuente cdlculo de las distancias como se muestra

en la Grafica 2.

R
|
|

Grafica 1 Grafica 2

A medida que se afiaden las cargas, el comparador de cardtulas registra la
elongacién x, y por medio de una relacién matemadtica se obtiene y, siendo y la

elongacion real del material:

1 y

a+b B il



Para hallar la carga ejercida sobre la probeta, se realiza un anélisis de torque tal

como se indica en la Grafica 3:

Grafica 3

El sistema funciona como una sumatoria de torques alrededor de un punto

pivote:
0 =ual, — ck;
Donde:
Fs5 = gmg (g = gravedad)

chi

(L

F, =

Una vez se cuenta con la fuerza ejercida sobre la probeta se calcula la tension

sobre la misma teniendo en cuenta el area transversal (A):

L F
T_A

Utilizando Excel, se grafica los resultados de tensiéon vs. Deformacion,
incluyendo una linea de tendencia y su ecuacion. El gréifica 4 a continuacién ejemplifica

la tabulacién de resultados para la probeta 1:



Gage length (mm) 13.81 0.01381

Espesor (mm) 1.08 0.00108

a (mm) 55

b (mm) 320

¢ (mm) 200

X (mm) 0.12 0.4 0.83 1.2 1.62 212 27
y 0.0176( 0.0586667| 0.1217333 0.176 0.2376| 0.3109333 0.396
y en metros 0.0000176( 5.867E-05| 0.0001217| 0.000176]| 0.0002376| 0.0003109| 0.000396
masa (gr) 820.97 870.97 920.97 970.97 1020.97 1070.97 1120.97
Peso (newton) 8.045506 8.535506| 9.025506| 9.515506| 10.005506| 10.495506| 10.985506
Area (crossectional m) 1.49148E-05

F2 (Newton) 29.25638545| 31.038204| 32.820022| 34.60184| 36.383658| 38.165476| 39.947295
Elongacion 0.000352| 0.0011733| 0.0024347 0.00352| 0.004752| 0.0062187 0.00792
Tensién (Pa) 1961567.4| 2081033.8| 2200500.3| 2319966.7| 2439433.2| 2558899.6 2678366.1

Gréfica 4

La gréfica resultante de la deformacion y tension obtenida resulta en la gréfica 5:

Tension (Pa)

3000000
2500000
2000000
1500000
1000000
500000
0

Tension vs. Deformacion

(Probeta 1)

y =9E+07x + 2E+06

R*=0,9905

Tensidén (Pa)

——Linear (Tensidn (Pa))

0 0,002 0,004 0,006 0,008 0,01

Deformacion

Gréfica 5

De la ecuacién resultante de la linea de tendencia, se tiene la pendiente de dicha

recta es el modulo de Young o médulo de elasticidad. Para este caso especifico de la

probeta 1, el médulo de Young es 90 MPa.
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1. Scope

1.1 This test method covers the determination of the relative
rate of absorption of water by plastics when immersed. This
test method is intended to apply to the testing of all types of
plastics, incloding cast, hot-molded, and cold-molded resinows
products, and both homogeneous and laminated plastics in rod
and tube form and in sheets 0,13 mm {0,005 in.) or greater in
thickness.

1.2 The valwes given in SI onits are to be regarded as
standard. The valoes stated in parentheses are for information
only.

1.3 This signdard does nol purport to address all of the
safety concerns, §f any, asyocigted with iy wse. It i the
resporsibility of the wser of this standard to establish appro-
prigre safety and health proctices and defermine the applica-
bility of regulaiory limilations prior fo e

Nom |—This stendand is equivalent to 5062,

1. Referenced Documents

21 I50 Standard:
IS0 62 Plastics—Determination of Water Absorption®

3. Significance and Use

3.1 This test method for rate of water absorption has two
chief functions: first, as a guide to the proportion of water
absorbed by a material and consequently, in those cases where
the relationships between moistore and electrical or mechanical
properties, dimensions, or appearance have been determined.
s 8 guide to the effects of exposure to water or humid
comditions on such properties; and second, as a control test on
the: uniformity of a prodoct. This second function is partico-

 This lest meffiod is wader the jorisdiction of ASTM Commitise D20 oo Plstics
and s the direct responsiblity of Subcommiltes DS on Dursbility of Plslics.

Cueat ediion spproved Aprll 1, 2000, Publshed hme 2000 Origlosly
approved in 1940 L2 previous edition appeoved in 2005 25 DA - 96 (20051
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= Awallabie from Amesican MuSonsl Standants IresSiute (ANST, 25 W 43 5L,
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larly applicable to sheet. rod, and tuwbe arms when the test is
made on the finished product.

3.2 Comparison of water absorption values of various plas-
tics can be made on the basis of values obizined in accordance
with 7.1 and 7.4.

3.3 Ideal diffusion ufliqujdsa into polymers is a function of
the square root of immersion time. Time to satomation is
strongly dependent on specimen thickness. For example, Table
| shows the time to approximate time saturation for varous
thickness of nylon-6.

34 The moisture content of o plastic is very intimately
related to such properties as electrical insulation resistance,
dielectric losses, mechanical strength, appearance, and dimen-
sions. The effect upon these properties of change in moisture
content due to water absorption depends largely on the type of
exposure (by immersion in water or by exposwre to high
humidity), shape of the part. and inherent properties of the
plastic. With nonhomopeneous materials, such as laminated
forms, the rate of water absorption may be widely different
through each edge amd swrface. Even for otherwise homoge-
neous materials, it may be slightly greater through cut edpes
than throogh molded surfaces. Consequently, attempts o
comelate water absorption with the surface area must penerally
be limited to closely related materials and to similarly shaped
specimens: For materials of widely varying density, relation
between water-absorption values on a volume as well as a
weight basis may need to be considered.

4. Apparatos
4.1 Balance—An analytical balance capable of reading
0uoo0t g.

4.2 Chwen, capable of maintaining uniform temperatures of
50 %= 3°C {122 = 5.4°F) and of 105 to 110°C (221 to 230°F).

* Additional Information regasling diBsion of liquids in polymess caa be found
in the Sollowing peferences: (1) DNJusion, Marr Troeqer & Fluld Syrewr, B L
Cussler, Cambridge Universty Press, 1985, AN 0-521-29846-6, (7] D4fusion n
Polymers, I Crank and G. 5. Park, Academic Press, 1968, and {J) “Permealion,
[Hifusion, s Sorption of Ciases ead Yapors.” B. ML Feider and (i 5 Hevand, in
Mhzihodr of Experimental Physics, Vol 160, FI80, Acsdemic Press.
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@ - Faed wrel chmreainr
=~1-; 1‘;:; Tubm immecle and et domrier, wnd
= = 00 =
. Comditioning
.1 Three specimens shall be conditioned ax follows:
6.1.1 Specimens of malerisls whaose water-shscaption value
5. Test Speci witld be apprecishly affecied by t=mperatures in the neigh-

5.1 The tesd specimen for molded pletics shefl be in the
form of o disk 50.8 mm (2 in.} in diameter snd 3.2 mm (% in
im thickness. Permizsible varigtions in thickness are 018 mm
[+ 0007 ) For hot-molded end 0% mm (00172 in.) for
cold-malded or cad materials

5.2 IS5} Stomderd Specimen—The test specimen for homa-
geneous pledics shall be &0 by 60 by | mm. Tolersnce: for the
Elmm dimension i =2 mm and =005 mm for the 1l-mm
thickness, This tzx method snd ES()Y €2 are t=chnically equiva-
lent when the test specimen described in 5.7 is used.

5.3 The lest specimen for sheets shefl be in the fom of o bar
6.2 mm {3 in) bang by 354 mm (] in) wide by the thickness
of the material When comparison of sheomption valees with
maolded plastics is desirsd, specimens 3.2-mm {(Y-in) thick
should be ussd. Permissible varimions in thickness shall be
0. 20 mm {+ 0008 in_} excepi for materials which have grester
stendard commercial ioderanoes.

5.4 The iest specimen for rods shall be 25.4-mm (1-in.} long.
for rods 25.4 mam in diameier or wnder and 12.7-mm (V-
kong for larger-diemeter rods. The diameter of the specimen
shall be the dismessr of the Gnished rod.

5.5 The \est specimen for tubes less than 76 mm (3 incd in
imside dimmeter shall be the full seciion of the twbe and
25 A-mm {1-in.) bong. Forubes 76 mm (3 i) or more in inside
diameler, & reclangular specimen shall be cul 76 mm in length
in the circumfereniial direction of the mhe snd 254 mm in
width lzngthwise of the tube.

5.6 The iesl specimens for sheeix, mods, and tebes shall be
machined. sawed, or sheared from the sample =0 & 10 have
emooih edpes [fee from cracks. The oot edges shell be made
sminnh by [inishing with No. 0 or Gner sandpaper or emery
cloth. Sawing, machining, and sandpapering operations shall
be slow enough = thal the material is nol healed appreciably.

Fom: TN (here & 2oy oil o e sufaoe of e when
meceiverdl o = & ol of wesh e specimen wilh
& clofh wid wish pesnline o cemove odl, wipe wilh 5 &y cioii, and allow

I siznd in sir or 2 B o pemi evapociion of @e gesoline. T penline
miincks M pldic, o some sishls sivenl of deispent Gt wil

evaporsle within @ 1-h period.

5.7 The dimensions listed in the Following teble for the
warinus specimens. shall be measemd to the nearsst 0025 mm
(0.00L in. ). Dimensions not listed shall be measomed within 0.8
mm (V2 i)

Copynphe by A5 10 1A (&l mphis recreedt Wion War || 1032 BT 2000 iy

b
neveredes hacoral ge Codormb

horhood of §E0AC (230PF), shall be dried in =0 owen for 24 h
w50+ T (122 + S4°F), cooled in & desicoator, and imme-
dmiely weighed to the negms 0.001 g.

Homw 3 1 stalic cherge inferferes Wil ihe welghang, ghily nib te
sarface ol @e specknans will & grvonded oooduche

6.1.2 Specimens of maferials, much as phenolic leminaied
plustics and other prodects whosz waler-ohsorpiion valee has
been shown nol to be iably affecied by lemperstures up
o 110°C {230°F), shall be drisd in an owen for | h & 105 o
IMFC (221 o 230°F).

f.1.3 When data for comparison with sheorption values for
other plastics are desired., the specimens shall be dried in an
oven for 24 h st 50 = 3°5C (122 = 5.4°F), cocled in 2 desic-
catar, end Emmedinlely weighed to the negrest 0L00T g,

7. Procedure

7.1 Fwenty-Four Hour Immergion—The conditionsd speri-
mens shell be placed in & container of digilled waler main-
tmined ol o iempersture of 23 = 130 {734 = LE°F), and shell
rest on edge and be solieely immersed. Al the end of 24, 2145,
= h, the specimens shall be removed from the watsronz st o
time, all surfane waler wiped off with & dry clath, and weighed
1o e meares 0001 g immediately. If the specimen is Wsin. or
less in thickness, it shall bz put i 2 weighing hottle Enmedi-
siely afier wiping and weighed in the batile.

7.2 Two-Howr fmmersion—For 2ll thicknesses of malerals
having @ mefatively high refz of sheoorption, snd for thin
specimens of other meterials which may show a significen
weight increase in 2 h, the specimens shall be lesisd os
desoribed in 7.1 except that the time of immerdson chall be
medoced w12 = 4 min

7.3 Repeated [mmersion—A specimen may be weighed o
the nesrest (001 g efter 2-h immersion, replaced in the waler,
end weighed sgain after 24 h.

Mo 4—In ming this =] meiod e smoun of weley ahenbed & 14
b omay be ess Bea il would have been hod G nmemion oot bes
insTpiad.

74 Lomp-Term [mmersion—To determine the intal waler
shsnrbed when subssntially satwmied, the condittoned speci-
mens shall he iesied 2= desonbed in 7.1 except thal ol the end
of 24 h they shall be removed from the waler, wipsd free of
surface moistune with & dry cloth, weighed 1o the neanest 0U0HH
p immedialely, md then replaced in the water. The weighings
shall be repeated al the end of the first week and every two
weeks thersafier wniil the increase in weight per two-week
period, = shown by theee consecetive weighings, overmpes lexs
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than 1 % of the iolal increass i weighl or 5 my, whichever is
preater; the specimen shall then be comsidered snbstsntislby
salurmied. The difference between the substantislly saturated
weighl and the dry weight shall be considersd as the wetsr
ghsorhed when substentially salursted.

1.5 Two-Howr Beiling Water Immerzion—The conditioned
specimens shall be placed in o conainer of baoiling distilled
waler, and shall be supporied on edpe and be enticely im-
mersed. Al the end of 12 = 4 min, the specimens shell be
removed from the waler and cooled in distilled waler main-
Laimed ot room iempersare. Afier 15 £ 1 min, the specimens
shall be removed from the water, one ol & ime, &l surface
waler removed with a dry cloih, and the specimens weighed 1o
the nearest 0001 g smmediaiely. IF the specimen = Yic in. ar
lexs in thickness, il shall be weighed in 2 weighing botile.

1.6 Che-Half-Hour Boding Warter fenserrion—For all thick-
nesses of materials having a relatively high mie of sheomption
and For thin specimens of oiher materials which may show a
significant weighl incresse in ¥2 h, the specimens shall be
lesied as described in 7.5, excepl thee the time of immersion
shall be reduced to 3 = 1 min

1.7 Immerzion at S0°C—The conditioned specimens shall
be tested as described im 7.5, ercept thal the time and
tempersiure of immemsion shall be 48 = 1 h and 50 = 150
(1220 = L5°F), respectively, and cooling in waler before
weighing shalll be omified.

7.8 When daia for comparison with absorption valses for
other phstics e desired, the 24-h immersion procedun
described in 7.1 and the equilibrium value detemmined in 7.4
shall be used.

B. Reconditioming

E.1 When materials ore known or sespecied to contain any
appreciahle amount of waler-soluble ingredients, the speci-
mens, afier immerdion, shall be weighed, snd then recondi-
tinnad for the seme tme and tempemiure s used inthe orginal
drying periad. They shall then be cooled in a desiocator and
immediniely reweighed. IF the reconditboned weight is lower
than the conditioned weight, the difference shall he considered
as waier-soluble mailer lost dering the immersion iest. For sech
materials, the waiershsorption value shall be taken as the sum
of the increase in weight on Emmersion end of the weight of the
waler-soloble malter.
9. Calculation and Report

%1 The rpont shall include the values for esch specimen
and the average for the three specimens as follows:

.11 D¥imensions of the specimens before =i, measursd in
accomdanoe with 5.6, =nd reporiad 10 the nearest 0025 mm
(D.00F in},

&.1.2 Conditioning time and lemperatune,
%13 Immersion procedure used,

wmﬂm:ﬂ.ﬂnﬁ—'ﬂ: Mion kiar 11 e 38400 KT 500 3
~rerlzadod przisd

98 (20101
9.1.4 Time of immersion (long-l=nm immersion procedure
1 &
49.1.5 Percentage incresse in weighl during imemersion, cal-
culated 1o the pearesl .01 % 25 follows:

wel weipht — conditioned weighl
condlicasd wegh
9.16 Percentage of saluble matier bost during immersion, if

determmined, cakeulaled in the nearsst 001 % = follows (see
Maie Sk

Incresse in WAL & =

Soloiis malier sd, & =
conditioned weighl — eondsoed welght -
ol Exoned. weighl

Mo 5 Whes De welghl on rerondilioning b specimen sl
immarion in weler evoseds Mie condlcned weighl prior o Smmendon,
repon "o IR 7.6

9.1.7 For long-term immersion procedurs only, prepars a
praph of the increase in weight 2= & fenction of the sqmars oot
of =ach immersion Bme. The inital slope of this graph is
proporicoal o the diffesion consant of waler in the plestic.
The plet=au region with ligttle or oo changs in weight as a
function of the squere rool of immersion lime epresents the
saluratinn water content of the plastic.

Mo —Devislha Imn he fnssad msde] indicales
[ha simple Mimsion may be 4 poor Wl Conienl
In such cases, sokdilional studies oo suppediod bo demine & hoiter mode]
Tor waier sheoapiion

9.1.B The of water shsorbed, which is the sum of
the valees in 9.1.5 and 9.1.6, and

9.19 Any observafions as o warping. cracking. or change
in appearsnce af the specimens.

10, Precision and Bins*

M1l Precision—fn interiahorstory et progmm wes cor-
rizd out msing the prooedurs oulfined in 7.1, invalving three
Isharatories and three materinls. Analysis of this dots yieks the
following coefficients of veriation (average of three replicates).

oo ::_"

=TTy pr——
Hom T—A nnmd obin §s Cuvendy o way I0 mone oompistely
Sirrmine repeaishiliey snd paproducibily of this el method
10.2 Bége—MNo justifiable stsiemenl on the biax of this te=
method can be made, since the tree valee of the propery
cannot be esishlished by 2n accepled meferee method.

11. Keywords
11.1 shsompion: immersion; plastics; waler

]

{md
D%

{ b
4.5 %

f Ik = 188 %
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" Designation: D635 — 10

M TR ATTI

Standard Test Method for

ANEXO No. 3: ASTM D635 Standard Test Method for Rate of Burning and/or

Extent and Time of Burning of Plastics in a Horizontal Position

Rate of Burning and/or Extent and Time of Burning of
Plastics in a Horizontal Position’

This siandard & ssued under the fxed desigralion D435; the number Immedisiely foilowing the designafon indicates the year of
original adoplion or, In the cass of revision, Ge year of lst evision. A aumber in parnheses Indicales the year of lest reappenvel. &
‘superscript epsilon («) indicales an editorial change since the 1ast revision or respproval.

This siandae her been appreved for use by ageacier af e Deportmen! of Deferre.

1. Scope*

1.1 This fire-test-response test method covers a small-scale
Inhoratory  screening procedore for comparing the relative
linear rate of bumning or extent and time of boming, or both, of
plastics in the form of bars, molded or cut from sheets, plates,
or panels, and tested in the horizontal position.

Mom [ —This iest method, and test method A of IEC 60695-11-10 ane
\echnically equivalent.

Ny 2—Faor additional information oo materials which do nol burm 1o
the: firsl reference mark by this test, see Test Method D3RO0

1.2 This test method was developed for polymeric materialks
used for parts in devices and appliances. The resolts are
intended to serve as a preliminary indication of their accept-
ability with respect to flammability for a paticular application.
The final acceptance of the material is dependent upon its use
in complete equipment that conforms with the standard appli-
cable to such equipment.

1.3 The classification system described in Appendix X1 is
intended for quality assumnce and the preselection of compo-
nent materials for products.

14 The values staled in SI units are o be regarded as
standard. Mo other units of measurement are inchuded in this
standard.

1.5 This standard iv wsed fo measre and describe the
response of materials, products, or assemblies fo heat and
flame wnder controlled conditions, but does mol by itvelf
incorporate all factors reguired for fire hazards or fire risk
aszestment of molerials, products, or assemblier under actual
[ire condifions.

16 This standard does nof purport to address all of the
safety comcerns, if amy, aszocigted with ity use. It iy the
responsibility of the wrer of this standard to extablish appro-
priate safety and health proctices and defermine the applica-

' This lest meshiod Is mder the jurisdiction of ASTM Commitise D20 on Plstics
and Is e direcl Esponsibility of Ssboommities 02030 on Thermal Froperiies
{Section D30T}

Curenl ediSon spproved July 1, 10 Published Amgusd 2010 Origiasly
spprved m 1941, Lasi previous sdiion spproved B 2006 o5 D635 - 06 DOE
101 SRV 10,

Bility of regulatory limifotions prior fo we. For specific
hazards stalements, see 9.2,

L Referenced Dvecuments

2.1 ASTM Standards:"

D618 Practice for Conditioning Plastics for Testing

D648 Test Method for Deflection Temperature of Plastics
Under Flexural Load in the Edgewise Position

DE23 Terminodogy Relating to Plastics

1929 Test Method for Determining Ignition Temperature
of Plastics

2843 Test Method for Density of Smoke from the Buming
of Decomposition of Plastics

D3801 Test Method for Measaring the Comparative Buming
Characteristics of Solid Plastics in a Vertical Position

D5025 Specification for Laboratory Bumer Used for Small-
Scale Bumning Tests on Plastic Materials

5207 Practice for Confirmation of 20~mm (50-W) and
125—mm (500-W) Test Flames for Small-Scale Burning
Tests on Plastic Materials

E&4 Test Method for Surface Buming Characteristics of
Building Materials

E176 Terminology of Fire Standards

E691 Practice for Conducting an Interlabomtory Study to
Dwetermine the Precision of a Test Method

22 IEC Standards:?

IEC 60695-11-10 Fire Hazard Testing—Part 11-10 Test
Flames—50W Horizontal and Vertical Flame Test Meth-
ods

3. Terminology
3.1 Definitions:

* For referenoed ASTM siandards, visil he ASTM websile, www.asim.ong, of
ooalecl ASTM Cuslomer Service al service@asimoog. For Amasa! Book of ASTMH
Standards volume refer o the 's Dooument Summary pags on
B ASTM webaile.

" Publicalions of e Inlzrmbioml Elecirolechoical Commission ([EC) and

g Tor S 1503 ae from American
Malional Smndoanis Insute (ANSTL T5 W 43nd S, 4ih Floon MNew Yok, MY
HNBG.

*A Summary of Changes section appears al the end of this stsndard
‘Copyeght & ASTM inlemadonal, 100 Bar Hasor Deve, PO Box C700, 'Was! Conshohodkan, Fa, 104282055, Unfled Elales

Copyright by ASTM Lt (all rights neserved); Mon Mar 11 12 38:56 EDT 2013 |

Dowmloaded printed by
Lniversadind Mazicnal d& Colombie poraosnd o Liense A gremenr Mo Arther repdictions shanzsd
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101 Debailion: used i e ol swibod o in scondanin
wlsting i . the defmstions wed i this = medod 2 in
sroninre with Temisolngy E176.

4 Sumniary of Tel Seibed

4.1 A barspecimen of the maierial o be esied = uppored
Isrivemiully @ obe end. The e end & exposed = 8 spacided
gas fame for 30 & Time and exienl of g, s mesand
il mpariad if e specimes deor mot borm 100 mm An
Ivemge bureng mee i neported for & metend if § boms o de
1) e ey froem e agnilnd end.

5. Sigmificesor wnd |'er

1.1 Tests mule on & metensl eeder condisons bemein
prescribed @ of value & companisg the mie of burnisg
uh-—d:ell'hmh:&mumdlhh:
malerak, @ conwolling mamsfacteng oo or @ @
meumss ol detefrdion of chisge k= hess haning chesarier.
mlics prior o or doring wse. Comelation with Ssmmakslity
wmier szl wae vonl i m ol ingEan]

5.2 The me of burning and sther bursmg phesomesa will
tur affectad by wuch facton s dossity. pagmesss. any anlcenpy
of the maienal s the thickees of e sperimes. Tea daia
wiagl] by compumd oaly for secimess of sanile thicime,
whether cosmparisoes wre being made with the same or diff=reni
maleral, The rar of hermieg sl other buming phonomena
will vy wel ihackness

5.7 M is Feamihle el chewl matecialy thul heee boen siricted
duriey procssing will el densg burning snd give STalic
resuls unbem they are firsi bealed abowr dwew defiection
emgeninte, n pronlanre with Tasr Metod [040, for & wme
safficen 1o pesll compieir i ation

4.4 Hernisg iess ropsiee he cerias vanshies e afnrily
fimed for evample. spocemen s, enesyy =uree axl applics-
tn e, shl ond poist Metenal will be (ool the e
mmsmly masitive 0 one or mere of Se coaditions chosen for
this swthod budeg Wi highly varsble maule Addecsal
bumisg ceancirrimtion by ofer methods = highly degmbile
in mach cusm (apw Mol 70

mﬂ'} nl conditicss. |V iffosal e coadilosi a
sabeimnied or the =nd-ese conditions @e denged. & will pm

ﬁqthniﬁhuhmhﬁhpni:luhpl::

L [}

willr S Ml 10 T30 TE0T 3000 T

l—-l-'l'-'ll--l—m-l e i .
for e il e ot [ g
L | by ke i ekl whes burmes e e i
m_h-i-liﬂ-'lqlmrwﬁmlhh
hl—hh—rhﬂ.h-ﬁd&*_-ﬁﬁ
b T o7 [ sl s n
hi—ﬁ—-h—,-p_l-_d'-.
e, e hee fosnd seeful = uew encies.
&2 Tew Fisre, A lharsiory ring asd o iem Buses
equipped with 1 messs of bolding & 135 me” wie gamre
Bertenmial sad & amsll clusy pesmittling the specimes (o be
bl with &= longitudisal avs horroain] sad s rEnsveroe s
inciand & 45 = 17 sgle @ ilhissed @ Fig |
Merm 5 A pam of waisr Ty bu plaoed oo e Seer of e God w0
[ sk ey bt e e it sy ey e e
67 labormiory Bamer, consimcied @ soerdsece with
Siperifwgmn TR0
&4 Can Sapply = mpply of mefione gas
wish maighle mmpslilor ated swior fof unifaem pa M Neloral
E mivhes hoving e ssergy dessity of approvimesly 37
MEm? have heea Foosd B0 provide similler ressils, Flovwover,
technical-grads methese g shell be o a5 the méderes
camry of Swpair
55 Wi Cage, Mimesh (approvimeisfy 30 openisgs per
nmd-‘nﬂfnm_“_-“ﬂl-
I35 mes’, o somisin bumsisg or glowing pes-
th:Fﬁlr_hqu:-m
66 Thmmg Device, soourse io 005 5.
L7 Soale, prahised in mlimewe
&R Marmmeter sooamee @ (05 mm

89 Comaitimsny Mo or Chamber, copabile of heing mas-
mined ai 17 = I°C and 50 = § % mrlafive humidiey.

&1 Flentle Spacimen Sappon Firsee, ussd o forilisse
“‘-t'z!ﬂmhqﬂlﬂh——ﬁr

T, Teud Spocimns

T1 AN text wpecEnrs shall be il from & sepesmiaie
sample of the maiensl (shes or end prodeces ), or shall be cam

o Wieckn-. compresion-. mansfer or pulinercn-mokled 0
e nevesmry form. Alsr wry ceseg nperlon, care shall be
hhm‘hﬂq‘pﬁdﬂ&n—hﬂuﬁzu
odgen shall he s melod 0 hoe 5 seolh Gabh Unles
cferwise agresd, (sheicotion of = specimess shall be @
mrondgncr wilk the secilicgions of the malrrs being oeisl
7.2 Specimess shall he 175 = 5 mm loag by 13.0 =
wal, pd provaded i@ the msihos (Bakaon wid = #o 10
(=0 -+ 25 e thiciosess:. Thee 3.0 mm thack specimens ane net
raennary if the minam=m theknos o Hiﬂm-lt
e muvemsem Sarknss b e S e e
dhacknees chall sel ewceed 13 mm Th:-l_ width chall
o enpend 113 mm. The siges shall he smonil and ihe nolss
on the comers sall not exosed 17 mm.

T3 It is possible tha e msulis of s corel om on it
sperimess of diffieren colom. thicksesss: denstes, mole o
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[ Vememy
40, 1 Freaitse Semcimen Sugpen Flies

masses, dimctions of semolrigy snd types, of wily Jillzrem
sy, filersimedformements will e difeea

11 Tom gocmes @ the minkmem aad mavisum desi-
ves melt flows aad level of Gllers'snfecemsses comenis
il b crmidered mpreenisive of he rege. d the el
yichi e same Beme ted clasciicaion I e bosing darac-
‘erisien am sl eeekisly the same for all i Lo 8
senling the mage, he cvalumion & = be only = e
malenak inthe dessilies mell fews, ] Gllendesforcements

L [

comtests walnl Addtionsl spocincss B e eemedues
dessiiies, mel fows, and Alisrs/remivrenencs oontess gre o
b rwand

732 Uncolored == speommens and = specimess with the
bighwal brvel of afyesic wed inoganic pigmest ading by
weighl are comsidersd eprseninive of he color mage, if e
i s ey ity sl o B
teaml. Specimess in be tesied s Soer e

willr Sbm Ml 10 T30 TE0T 3000 1
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i comlas @ Ccoloneg

il oot the bighesa lewed of orgumic pigmenls

ich oostae the keghest leved of sorgenic pigments

idl comtzim pigmenis which ane knnws 1o adversely affect
fammubdany charans reaa

A Conlitsoning
i) Condewn wn ber specimens for exch muaerial and
thickass 1o b bsted B acconlsnce with Procodure A af
hﬁmllht“dﬂhmhumﬂw w
the osdattany tat the spcimets n
Temgrraetr sad icirrances akall be in sccondance
with Soctea T of Practsce D615

£2 Condery smiing 8 o bborslory mmosphem af [ io
I el % e T3 N relamioe humality

% Praocdure

Gl Peopare @ ke e bar spocemens. Alfier mcamaring and
meconieg G specimes sckness, mark each specimes with
twe hses perpesdionler o the loagimdinal axs of the bar,
2o | ml W = | e from e end thet s 10 be igmned.

52 Conduri the borming =5t in a chamber, enclosure, or
Iy oo free of induced or forced drafi. | Warsing—
Procisrss. of comisegion may be ioxic. As esclnsed hhorsiony
bood i o ovhoes fm for emovisg the prodects of
combveen e the wats are moommesded . The 2xhaust [an is
el off dierimg e e e imreed on Emmediaiely following
e el i omler o Emove prodocss. of combustion. )

B I the specemen wgs w iy free eml duri
e B oeod ahle o smintin the deissor of 10+ 1 mm s

= ha e imppon Amee can be movnd froely sdowsnb, Aa
ity Bam (ol propese alony the spocomen, wibdires e
h-:rli—i'll:-‘”nl hﬂm i -
cemiacting e ipecimen suppor
e, 5o dhe e b 8o sl ca e el Mleme or on e
sty of L apecien
85 Wil e comirsl anis of the barner iube in the vertioal
pomiten, phice the bumer remnie fom the specimen, ipnie
el wipew & o prochwe 5 biue Some 10 e high, Adjes e
o wpply snl e uir pors of e bumer uniil & Mimm
vellow ppped bl leme 5 prodoced, and then increase the sr
mappdy el e yellow Bp pEi Memsure ke heighi
of e e I the e height = sl X0 = 7 mm, sl e

Cogomgie-i ATl e [l g sy, o Molar 18 11703 T 3000
et TR

{ree end of the (el specmn o & dopih of
sarting Lhe by drvsn amuaacomby cmitral mam of
tha burner tubr 0 e e @ e e wencal plas @ e
langiidingl oisoon mige of e scses sl saclned el

e oid of the apocimen = = of L -E
doprom in the horisnmal %os iy | L e
0 ¢ | o withon chesging ity pestion If e i specisen

9.8 Erpem the el procedare % 1.9 7) ot e specimens:
by buraed in or heyomd the 100 mm refeesce mad. or =
specimess have heen wied.

Mo 1 Jer clamsbrmers parpasm, & ooy oow oo dow ot
ooty il i ot s e b o s T X

0. Caboulation

101 Calowlaie the linear barsisg mie {1 = millsnsion per
minuie. for euch wheey Uy A frosi cfes e
100 mm miemece Mok usisg e cquats:

LE B
whas!
L = the burned lengih, in il = deised o 57, i

{ = ithe time, = woonds, = definad = 5T

Ham [0l e laws irom vestesd s D-mm seloecs weri,
L="H,

Mo 11— Tha K] s of de losm nomoy e o s e oo
In s umiz mall et o
h—l!—ku#-_h‘-*hqh
mmabel prescrdesd o 00 ] e Sen Svelng Se st by wn
10.2 Caleslse the average Exesr bemng e or Clesify e
muienisl in sooenience wish e appesin

T hg
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dscriplica,
mussdsciurer, commerciul degnaiion, lo sesber, ol color

TE12 The isickness, o memend with & Swroemster o e
mewrssi (L] mem, al the |esi specimen

1113 The nominal appareni density (rgd osleler melen-
il oyl

L I.I-'[hzium:-nfnjm reintive i e iesl

specimes dimensions.

1115 Conditioning treaiment.

111 Asy prior treatmenl before iesimg. ofer thas cotting,
ey and comdiioning.

11T Whether or noi the specimen contiseed i bam (with
or without yinible fame) afier spplication of o Bame

1118 Whether or ool te Bame from meched e 1 and
N s eelorence sk,

TS For apecimens with which the Bams (ot doos ol
smach of puss the 23 mm melonnce sk, @ el el
gty the Bame feont did no e of pes the M mm
srievene mark. Do soi repon s clagesd s ) md bursed
p—

110 Fer specimens with which the e frost pessed
e X5 o peleence mark bl did ool eech g 1000 mm
refemare: mark, the elapeed time (6 snd e Eemgi® (L)

TN i & specimen does oot b io e 10D =m mark
became of deipping, fowing. or falling borsimg perticls. e
om0 indicats

11112 F s specmen i rejgniied by bormimg sl o e
gamrr e mporl must s sieie

TS For specimess with which the fame et mched
“Iﬂﬂﬂﬁ“uﬁ.hm Imew bommyg rate.
L

1L 14 Wheihes the flexible spocimes ssppont Eisem v
]

TLLES The cwvest contalned i 1% e aball be sseor-
p-l---mq'nﬂuunﬂpn—u

1116 Oponaaf—Flame clasifiranion & decmmses| from
e wppendin

Cagmgin iy ANTH L] ju8 nghos rmarvedy, dow Niar 11 W EINT 20001
T etk precusaat bry

L hnoomal dal e

o o v 2 W S

1L Prevision amd Bias

12,1 Tuble | s husosd om & round robin compiloiod s 1967
in mcondsnce with Prasice FE91, | Loy sl
sppanibng mashish wsmed by sleven lsbomioriss. Esch lsha-
mory conditionsd, w2V sl 50 % selaiive Bamidity, ihe
specimess the! i iesisd Fark cenducied the ess in
lﬁmlnqhﬂﬂhhdﬂ_.ﬂllynuﬂnl
All three maienials were dlessfed by the == & possessing an
averuge burning ree. Fack i el consisied of s aversge:
Iinear baming mie detemimed from theee specimens. Each
laborsiory nhismed three = esely for esch materisl.

12.2 Tuhle I i hossd oo @ roosd nobin compleied in 19686

winml, @ t!'tu-lhlmuﬁj.h- Airmnna fhat
& ipmed, Ilach ion meell command of 58 averugs
me doiemsed (rmm e specimen. Fsch ish-

12.3 This iesi mefud dees mon cominin o semerical peeci-
sion and biss stalement for the tme of buning ssd extent off
bsming for specimess where S Same o passes tbe 25.mm
reference mark, b does not ek the 100 e pefErenoe mark,
and therefore shall mot be mad = o efeee 25t method for
these twn chararterisios i o of dispuie. Dee o ke rarity of
mairrisls which consmenly prodece this resull 3 numernical
precision and his sslemesl for s type of es) resak i@ ool

being acively panued @ G e The explans
tinns of “F" nd “F" gven i 1241247 aw oaly intendad 1o
ol & of the

' -y agpr Al
preciaian of this s sibod. The dais s Tables | anil 2 shall

¥ el | e e e AT skt b

I 1186
¥ S R e W AT e g
(T 1144 e o
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g el 1 Bk by gy -
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i rissynl hetemer w e s G

e s i b b wegda - PR0 5

F il s o ket &V ey Skl i 8 N ey i ma e mSm G askeld e ey alnmed i

appiax] I aorpasce or epecson of meiesl
an (owr duls maly 1o the suisrisls read = the musd
rohis msd s unlikely io be Aporomly epesssaiive of ofer
Jois, formuisiions, condeions, maenals or leborsiories. Useny
al this =t method shall appiy the principls cotfinsd i

ot e igoraly

Praction F481 in daia i their malsrish sad
Ishormeory (o hotwaes speciilc ebersioriml The principles of
2124 woeskd them be valid for such das §

124 Coacept of “r™ and "B 5, and 5, have hees
caknaisied from & kerge mvugh hody of dais. and for iexl ressin
thel wesr sverugen e woilkng thees apecimon for such s
resuly, s

1241 Repeaipbdiy r—Twe = msults obmined willsis
one lsborstory shall be dged st equivelent if ey differ by
maomne ghan the “r = valae for the material “r" & the iniensl
mopresssing (ko chticad dillomacs betwsdn Iwo st reaulls (o
the seme materisl, obisinsd by e mme cperor ming e
mme spmpment oo Se same dey @ the same sbominry.

1247 Bpaducdslsy B Two s resalbe obssised from
dillorem nhoralones aball be jedgnd nil il ey
difler by mere thes S “F" valoe for fe mesned “F s the
intervel epeseoling e onticl differsnoe between wo 1=
mesulls for the same ssieriol, ohisnel by diffeeni cperson
wming, dirruni squigemml in difieess bborslorm.

1243 Judgmesss is sceoedsnce with |2.4. ] mnd 12.4.2 hewe
an approvimate 95 % {[L95) probebsliy of bemg comect.
115 Bmny—These s no slandands nn which =
Busst i emtmain of b for Ui ieul sethid

13 Keywonds

131 ing charsmeristics. combustion; exiest of bursing:

Numemabsbity. 11 horsonial buming rale; plasticn; rese of
baaming. sl -scale bemng ise emey: Lme of Burming

(onmamistsry Informases;

Ll CLANKIFICATHPN XYNTIM FUM DETERMINING Tl S0 ATIVE LINIAN RATE W IUESNTNG 4 MDAl KX TRNT
AND TIME (0F BURENDNG OF FLANTICS

XL Gemeral
X100 Tish covon & clem|icstes spwm lor
chursneniring the hetssveyr of plasic meerial, s

jporied im & Boriromsl position. i esposse 1o & smal]l-fese
ignition somrce. The mse of & cEegory desipastion oode &
optionsl and s derrmses] by ussming e w2 ok of
muierish ied by e seihod Fach calopory onle reprossss
lﬁ-ﬂnlpiph-nhﬂﬂﬂuhm’-

tinn in Emiesal el may
mm-mmﬁ-ﬂwﬂ
foquimmenls.

X1z The hebavior of specimes
shuall e clumifiod WA (il = horromsl burning) o,

X121 Ther are so visihle sigss of comisaten o=y s
igmifins smorce is remved, or

X122 The flame froni does not pasx e T5 mm eleenoe
ik, o

X125 The fame foni passes g 15 mam relereace mak
ol e mol. peeachy the 100 mum pefensnce mark. or

K118 The Bare froal maches e 11X mm eference mark
andl the linsur urssg rain dos st esooed 8 smine o

Cpumgin wy ASTS st jall nghin ressrvas kg ar 11 CT0-0 EXFT 3003
Iievminitiack s b

L Hprm e

wi | earam

it
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Xi4 I b linewr bursing rete doss soe scosd A0 mmfmin
whes smsd & the 10 mm = 02 s ihickness, the HE
cezpory designanion shall he cvended = 5 15 mm mismom
hickneg

X15 Reconding the calegory designation in the kes2 report is
cpone

AL i EEFEEENCE 70 TEST MICTHR0 Db

In e Imtrrmosiomal Buildiey Cadr (2000 Edition). this == meshod & mfermncsd @ seotioe 2606 4
for LEGHT-TRANSMITTING PLASTICS. Classifications sme sstablished Bused on the extent of
bursing wreg this sl method. The [RC saies o (ollees:

Test Metuod 1754, or not geesier han 75 where o i e
thicksesy iniendsd e e = wcordanoe wath Text Method
12847 and shall coninem 1o ene of the follmweg comitibil-
iy claaaifiulinn:

K200 Claas OCT Mﬂﬂﬂlhhim
exieni of | in [ =] or les whers isaed @ &
thicksess ol 0060 @ | 1.5 sl or in the iSickness e for
=, i acoomlsnee wikh ths sl method,

X2.1.2 Clare0CE: Plastic mmierisls the heve s bomieg mie
ol 1.5 inches per mimste [1 06 mmi¥) or less whess eted ol o

wcming sciaens off 000 in. [1.3 meml or & the ihicknem
istsnded bor e, in accoedance wab e e meibed

X212 The clmsificulion scheme showa shove & limied
i e B joma? Buibiny Cindle o light oy
plastics oaly b is sol apphicebls o plegics msad i other
consiracos  applications. In addmios. e fammability -
gEremesis gieen here e sk the oaly egEemess for
hiphi transmcung platke

K27 Ve Msihal (12641 mpons valee a5 & Smike Dessay

X214 These clmsifiontions are non parm of dis iesi methnd
and e sl ender the jurisdiction of ASTM commitiee [0
Howewver, ey 5= in common ssage md are preseaied hese for
informanos asly.

SUMBIARY OF CHANCES

Commnse D00 b iestified the locsion of selecied chanpes i s mssdand since the | s D635 - 0,
Ll mury gt e ose of s sesdend (eby 1. 20000

(T} Revised B.1 for consstency with Practioe D615,
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ANEXO No. 4: ASTM D638 - 10: Standard Test Method for Tensile Properties of

Plastics

¥ Designation: D638 - 10

Standard Test Mathod for

Tensile Properties of Plastics’

Thes seesderd

[EL T cha by (3 B o » = yuur ol

muops amkr B HT
B -th-i--l'lﬂ-n pﬂdun*hlluhﬁm-bﬂ-mluudw-ﬂmil
mpanp e L akcans mederel e e S S EEOED R

s

b e oo e ot m by e

L. Beope*
11 Thin et meifaod omvar the delermamsinn of the enaile
ies of mrresinnoed snd minforred plasiics in the foem
ol famdard dambbed]-shaped lest specimers whes eed ander
defined condim of prameaime, Empersre, eidin, o
testing machine speed.

1.2 This ezt mesthod can he msed for iesisg mssriabs of any
thickeess wp bo I8 mm (155 inh Howsver, For esting
specimens | e o ol thin sheriing, inclsdSag lim e tan
10 mm (B @) in ibcknes, Tes Methods R w the
profemed teu method Maerisls wilk @ thickness greales than
14 mm (055 in.) sl e edeced by madiming

LY This esi methoed inchedes the option of dessrmining
Moimeon’s raie @ room EmpesEuTe.

P BT el et i S0 5771 e Aswieniclly squivaient.
M 3 Tha il method @ pol islendsl 0 ower peecar pErpuce
1 el Bl L (ofaler fke of cvasieal Bt
of el lepes mach oo be desinal fooan 3 heoneon | sondpaossl. that
ATrPra MY IR e on ol 1 F jreahosd mesenen| el rpir
o S B g LS of B ORI, Al Bl O Eling eel
wpocral duane afisn carcerishc of maeridls 8 e
pliis sl Darifea B w resiee] Shal penatas in S Sl e of wl
PO, WHCT A Pl By e e, s Vflslors i
T EprT IR (e [V T e b S Bess varialios may
ol B b femalls Mioads, Whem gt feaidlh st
desersd all ssoukd be of sgual thickeess. Special widiiion s
b P s whoer mom pesciee pEysicsl dals @ ool
P 3 Thin Gl mesmod may be el oy sy plesols Soiisd
=i ov iamineied masrialy Fioweves, wierr these nalaniss are med m
rinirra imsdin sh i o b rsiad o soonkne eih
Tl Mo D07 anl Tea Mebad D65
M b ke N i ey P
Wil imenisd eSS o oS bES Sosses 3-0P
30 IF-psly Dhem lest sl e el @ Econkece i Tl
Tefrioad (1] SR TINITA

.4 Test daia obmined by this = method are =levant and
apprprisie for s in enginocnay desighn.

* T e rerifwrnd 1 ewder g recheson =0 ASTW Comeriiar D00 ox Plaoriecs
amel v cra s o Todw rmmemian T o M bmed Prgmates
L) siicm My 15, T8 Fohliches fua 353,

m:ﬂ-l“ Lot prrress mhime spprresl o J08 00 DA - 06 D00

of i i o Lo

15 The vales smed i 51 miln &= o b rogenied a5
stzmdard The valoes gives i parsathes=s are for informatsn
ey

L Thr viesdard doer sol parpor o adders alf of e
#ﬂfﬂimmﬂﬂ#ﬂ Iy v e
responsiiiiy amer of teis sl o esiablish appee-

sufery aned fnalth practices gad driermass the applics
mﬂfrq_jﬁ-iupriuh-r_
2 Relerrmued Dhmciidiie it
11 ATTM Ssndand::
D224 Test Methosts for Bigid Shes and Plaie Msiersls
Umedd For Fleciricad Inslakinn

D |2 Teewi Meshinds for Velesninsd Hushor sl Thermnpilis.

tic Flasimmers—Tension

D 1N Pracsion For Conditesning Masties for Toaling

D51 Test Method for Test for Tensie Sirength of Molded

[ecricsl lasuluiog Matorish (Wilsbraws 19597
D2 Test Meshod for Tensie Propemies of Ths Plese
Shenting

DEEY Termmnlogy Helstisg Lo Flasics

DRI Test Method fror Tensle- impect Feergy = Bk
Mastws asd Flomncal Insulssay Maerish

DENFSDFAM Test Misthod for Temsile Properties of Poly-

mer Maira Composise Mualsnals

DM Classaicuion Sysem fior Specfving Flase Maien-

aks

Nﬂﬁﬂlﬂnﬂmﬁthﬂyhh?nmm.-ﬂm

minn Malerals (PA) (Wizhdrewn 204

05947 Tes. Mehnds for Physcal Dnﬂmnl Sl

Plasticn Semci
B Pracsices fior Foee Verificaion of Tesiing Marisaes
ER? Poctioe for Verification smsd (lassification of Fxies-
saffeiel Syilims

E132 Test Meshnd fior Poisson’s Ralio & Eoom Tespe iz
il Practics fir Condecting an Inisrdabossivory Stady i

e et AT k. e Ew A1 wodes -
vt WETW Cimerer Yo w0 mrvaorSasim ey th'udh'

Nugmsmy s e vl w b smlad @b nrmes e e
s ATTH webmas

"Thh.Fd'-ih‘ == el d =
iy

A Sammary o Chungo scbes sppoe et md of tes ssnderd
Sy 5 AT M. T B Linfer Cvn, PG D 50, Wi Covalianlies, P MHDN RN, L] Minliee
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Al Deze - 10

Dirtrmnine the Precision of 4 Tea Method
17 150 Sndanl-
IS0 527.] Des=rmminstion of Tensile Propertie

1. Terminobegy

11 Dhefinitinns — Delinitions of s applying o this iea
mettod appess in Terminolegry DERS snd Annex AT

4. Significane sl s

4.1 This iesl ssihv b designnd io prodece iensile progeny
dain fior the comroll and speciicetion of plesic mesrigls. Thes
dais we aleo weeful for geaiEstive ceracterizstsn and for
rossirch and develapmon. For many maiariab, bhers may be a
speciicaiion the mquires e mse of e est method, bul wik
some procedersl modificeSions the e preosdeace when
adhering o ihe specification. Thereloe. @ & avisble o e
1o thel material sprcifcation fore ssing ihis e mothod
Tabsle | in Clesdficaiion M0G0 liss e ASTM muierisls
n-nhhﬁ-.i-u}jﬂu.

qul-ik am -WTQT‘,M

BT shAmeng
l!h-pﬂt'w“h:-m&t[“
mesl be carefully controlied.

421 b i= reaeed thal & matevial camot e estesd withom
also wasng the sethi| of prepuriiion of that measral. Honce,
when smpensive izsis of mmerials per se o desived, e
gresies care mest be exescied 1o snose thal sll smples o
prepered 0 execilfy the same way, unkess the tesl 5 &0 include
U elecis of wmpls properstaon, Similety, Ior sl pur.
posEs oF CoOmpEraons wikis any givea sens of speciment
care st be e o o the movmem degres of onifor-
mity &= delmle of preparaiios, trealment. and handisg

43 Terailn properies may provide sseful dats for plusics
enginesring design purposes. However, becouse of the high
degree of mnsiivity exhibied by mamy plastics o mis of
straiming wred erreonmentsl condilios. deis obtsined by this

ing immpact snd ce==p) and reege of envirenmenisl conditions
lensdle propecties are 0 msilfior [or eogineering design pur-

Mom 3 Sinos B cnmiencs of § U cheii b i PRk (8l
e ek sl in el iy debolable, e

* i i it Mot il st |ANLD DW dbi
ark, WY 10, ey wam

e, Maw
Lompprrags bry 8 Tl o ] g el e il 01000 SR RLIT U

mh
¥ e L P

arfirery T gns dpensiTon o i, ISy, a6 S fch
ure el

5.

l-rl--
m‘ A esting mackine af 1he consiani-
-movemess Dype and comprising csealisly

Ellrnni Mewber— A fned o ecentially ssfionary
muembes carrying o grip

!.11”“}-1.&“.::&#,&..
sepomd grap.
513 Gripr—Gnps for holdieg the i=x specimen between
the fued member aml the sovable mesbor of e lesing
machne cun be caber ihe fued or sellslgeing e

5131 Fized grigs are righdly aitschesd o the fixed and
morvahie members of the iedtisg machme When thi tppe of
prip s werd exbreme e shogld be lakes o ensure U the o=
ipoatien o faefod and wei that the long sk of the
iesl specimen coincadles will e direction of through ihe

cenier e of te grp
5132 Bell “ﬂﬂ:ﬂhﬂ-hﬂnﬂ
mivahis Semben of o ienisg mechise @ wuch o susser he
they will move fe=ly into signment o =oon = ey boad is
spplied =0 thm the loog axis of the =i specimen will coincide
wilh the direction of the applssd pull throsgh the comer line of
the geip msembly The spocimens shoukd be oligesd = o
lecity & possible with the diection of peil so thsl = olary
motie that mey mduce slippege will oomr m the gaps; these
ie 0 li=k ko the amowm of mimbgamen wif-aligning gripe will
mccnmslss
5133 The ie= specimen shall be held in such & way tha
slippage e=lalive 1o the grigs & prevenisd imsofar &= possible.
Girip merfaces the s deeply mored oo sersied wiih @ pailern
b thiss of & ¢oarse siaglecw Ble, rrbos shogl 1.4
mm {109 n.} spen snd sbos 16 mm (006 in) deep, have
been fomnd satifaciory for most thermoplstics. Finer sma-
hhhﬂhﬂbhmﬂﬁd}hh‘h
sach o e thermensiing muerishy. The serrlion
should be kepl clean and sherp. Hreslisg in e prps may
oocur @ Bmes, ven when desp serrations of ahraded specimen
wurfaces are weed. mifer o e zed in these cases.
Uither chaicpam e have boen [iond well, penuslely with
sl faced grips. are shrading thai porion of the sfece of
&qﬂ:’nﬂhﬂhihy’q‘.dm&
pieces of shmzive cloh, shramm n'rii'.l-'
coiled [abric, commeonly calisd hoa ﬂ-rhng.
mﬂu“mmmwmn
papes bes been foend effective in many ceses. An open-mesh
labric. = which the threads s coaind with abraxive. Bax sl

pri
rl Dirfve Mpchamiom A devve machaniam (of impanling
i the nﬁh.ﬂu’ljﬂ.mﬂhﬂ\dﬂyﬂ

midiEl L [ i
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les specimen whes held by the grips. This mechanizs sall be
nusonially fros of menis sy @ e ypocilied ot of sy and
shall imficnie the loml with o acowery of =1 % of the
indicatesd valne, or betier. The soowmcy of e iexting machine
phall be vevified @ sooonance with I'acices 14

Paril e N[ e alurin B LT Ao T AW i
ST e of MUESSENing AOTITRCY G07 25 MM i e perids herwesn
EOHTERSES | Pracioes . Hesoe, @ & ecomansndes] hal

D mEie b riEsded nd venfisd @ oflen @ may e

mw 11 irmgenlly will B foxrmsiry i porlivn is FuSan

50& The h(xsd member, movable member drive
mechmam, wnd prips shall be constirucisd of such magerials
and im such propofsoens thel e tolal ol baglledned wmin
oof [he sysiem pomsstwted by these paris doss sot evoesd | % of
the iogsl longimdined sirsin herween the 1w gage marks om the
lest specimen @ oy time dersyg the e el ol sy losd sp o
e raed capaaty of the machese

51T Cannbead Enemess Iadicarms A sudible ss=ssion
indicating mechomism cepabie of shownmg he smosst of
chanpe n lhe spemiion of the ghps. tal i ooshed
mervesent. This swchan|sm sball he omemially (e of serial
lag = the spociled mie of iewing =l shall indecwe the
crosshesd movemeni with =5 scoemcy of TI0% of the
imdicaiesd value

51 Extenvion badicater (utsmmnmotnt) — A iyitshls meire.
menl shall he s for deteemining the dstence hetwesn (wo
desigmsiesd points within the page lengih of e =< specimen as
lhe specimen is srscherd. For neeree peeposes, (he exemmom.
vior Ml o sl @ e [wll ol ihe sz,
thowe in Fig. |. h s mu.qmulhh
inciremeni auinemstcally oo s disence, or sy change in
it, a5 u function of the load on the iesi specimen or of the
ol mjrerd teme from the san, of dhe wat, of ok, 15 only the leaer
s oiboimie], hetel tioes clitn emvst by he isben This isssrumen
shall be esseprislly free of iseviis & the specified speed of
tesiing. Exicnsometers shall be chussified and their calfration
porisdcally verfed in sccondssce with Practcn 11,

121 Moduluyof Floviicary Merermeasor sdulus
of -leicily messsemenis, @ evensomsier wilh & mEEmum
mﬁ.md’ﬂﬂﬂluﬂ-ﬁ.ﬁ.!hm-ﬂ

rocoedd shall be sl An susessometer clemified

Precvice 181 & lellilling the reqeiesenis of & 0.2

within the rangs of use for modubes messaee-
menis meeis Lhis mguirement.

511 Low Estravon Mravaroments - For elongation.al:
yiohi sl low rusmion messsemen (sominslly X% o
lesch Be seme shove eriemsometsr, seguatsd o 20 %
exiemEon, may be wed. In sy cese, the extensometer sysiem
roms =t il et Clas C (Practon BET) which
brchude o Bxed wrsin erms of 0001 sreis or = [ 0% of U
imdirmesd sirnin, whichever is geaier.

5213 Eﬂ-[ﬂ-m.ﬂm_-k—l?--hug—u-
mews & ehinpatioes grealer &mn 10 %, Iecimipucs
whﬂmlmm'lﬂiﬂmmrﬁm
arcepuakle.

‘i bry AR T il ] gt sl ol ey 20 (10 00 BEIT 2001

e e i

- wﬁ—m'ﬁmﬂld
Sachnon Hlﬂm comply wek et rogeit-
menis of Tes Method [6884

& Tes Bpecimens

6.1 Sheee Plute, snf Mobird Mleges:

Bl Ripsd o Semirged Plassry—The les specimen shell
confiom 1o the dimensions shows & Fig. |- The Type |
wpecimen i the prefersd specimen ancd chall be waed whes
mnfficien maisrial hiving & thicknes of T mm (028 in.] of lem
uﬂﬂ.ﬂﬁfmﬂlm—qh-ﬂuﬂhﬂl

el is difforenl sglity coses (hal b, senripld sad
wmingidl The Type I specimen mesl be ssed for =8
maierials with a thickness of gresier than 7 mm 028 in) b

CORRpOEALE, highly orthotrmopic

bl confioms W the dimessions of e Type | specamen shies
m Mg

El4 Prepomtion— Tt specimess shall be prepared by
machining operations, or die ouiting. from maierisls in shest,
plain, slah, or samilar ferm. Metwrih thicker than 14 mm (053
= musl e machined i 14 mm (033 () for e o Tvpe 111
specimens. Specimens can aso be prepared by molding e
mairrial to be esied.

Mo T Tt resslis bwoer @ G G wmr e wich B e
g, NMC sl BMC lessain, ol gecimod Iype dould
comkieraal 1 SEere [Wed e WO e pade leagih o S oonss &
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A vansne teng sndesd
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6.2 Higid TisherThe tesi specimes for rigid tsbes chall be
w ahivw inFig. 1 The leagik, 1., shall be m shiwn in U labis
= Fig. L A geoove shall be mochinad sund e oatalde of te
specimen & the oenier of @5 length = e the wall sectinn sfisr
machining shall be 60 % of the ongmal nomizal wall thick-
mia. Thiz shall cosxinl of & Erught sction 57.1 ms
(224 in.) i lengih with & pulies of 76 mm (1 i} o gach el
joming il o the omside Sameler. Sieel or bress plegs heving
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ifiameters wuch U they will Bt snughy makle the tsbe and ~ onsshing. They cun be beaod comvenienily @ e lube by
hav g & length @ (he Bl jas |ongth plus 29 me (] in)  opemilng ssi wppening them = 5 thmaded moinl ol
shall be placed = the ends of the speosmess o preveni  Dietwmils of plegs snd ies ssembly s shown in Fg. 1
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63 Bl Bodv—The =a specimen for sigid rods sball be o
showm in Fig 3. The lengih, L. siall be ss shown i ihe mhis
im Fig. 3. A proove shall be mackined woend the gecimes &
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FiG. ¥ m_m-_HM Teeion Terl Spori—mes

ithe cemiier of #s length so that the dismeer of the machined
portion shell ke 60 % of the onginal nosinal (faseter This
prosve shall comaisi of & sirsight section 5T 2 mm 2 )=
lenpsh with & madius of 76 mm 3 m.} &t sach end joming © =
ke ouiside dimmeier
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B4 AH mefaces of ibe specsmes shall he free ol visible
l’,.‘lﬂ'-h:.,ﬂ- »

£ 17 i b necenery bo place
i shall be done wisth & wex e

G 'Whes esiing maieriah tis s sespecisd of anisoopy,
duplicale sty of les specimens shall be preparsd. having their
lemg axes mpectively parallel with, snd nomal . e
sempecied dimciion of anisnisogy
7. Samnber of Tes Specimess

I Tem & lemst fiwe specimens: {or esch sample in the cese
of oo malerisls

1.3 Tem e spocimen, live aormal w0, md five pesalisl
with, ihe principle s of ssssiropy. for each smple i e
e of anissimpic mEenaln

oy, 10— st sy, il EEESETE Specunars sk be pecisd
n o plaisope. Thee which S or (ecenirsind Erin

"“H?ﬂ.““ Al e skl drsim
Sl & b e s

K. Speed of Testing

Bl Speesd of iesting shell be the reiwive roe of moons of
Lie grips or kest fixteres during the te=. The mie of motios of
the driven geip or s whes the eaing machior is reasing
luflis may e ssod, i & con be shown (i the ressling speesf of
lesting is within the Bmits of varistion sllowed

£] Chosss e speed of imsting from Teble 1. Dolerssas
ey b e e ol =sting by ahe specslruion fior the messal
esing iesind, or by apreement between those concemed. When
U mpersd iz ool spepafied, use B lowes speed deowen in Tabk
| fior she specimen peometry being ussd, which gives remure
within % o S-min i=sting cime

L1 Modslys dreiersinalions may be mule @ the el
scienied fovr the oilbey ensile propemies whes the recomier
response and esolution are adeguae.

8. Conditiening

81 Condisonirp—Condition the i=d specimens in sooor-
damor wilk Prooedue & of Practice D618, osiess ofherwia
specified by conire o Uhe relevan ASTM mmisril spocifes

Ungrrvigin-trw AN Tl il gt sl e i 200 3 bl O BT 0
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Wi Sellessurn the widhih anel Ehickamas of ssch spoc
e pewen 00X me (000] in) ssing b spp

methods m [T,

En
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TAELE ¥ oduus. 1% pel for Eiged Laboerminres. Fve Maiarak

w T T T
- e by B LOTM DO SEEY DY
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Tmn b 17 DEEN QT G Gnd
e — i3 noms oEE G opa

M1 Measure the widd s chickness of g o
tér cenier of each specimen smf within § mm of zach end of the

'1;.1.2 lngoction mukled specimes dimenson maey b da.
terminad by acinsl meusur=meni of iy oae specimes frem
ech sumple when i has peevioesly been demons rated that 1he
MMII revimen vansem in welth gnd thicknes i e
2an .

HETS Take the widih of specimess: prodecsd by & Type IV
die gz the dislanor betwern the culling slpes of the de o the
BT LI

e
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T4 Mesmre the disseser of md specimens, wnd e
imside and owiside diameters of tobe specimens. o the neses
0025 mm 000 ) @ & ssimum of o poinis WP spart
muakn ihow messyomons dosy the proowe for spocimen o
consiuciad Use plugs is isming sshe sporssens, as thown i
Fig. 2.

102 Plape the specines i the grips of ihe esting machine.
taking care I= align the long ax3s of the specen and the prgs
with an maginary line pemng the point of gtachment of e
Bripa o the maching, distance hoiwess e el of b
indicaied in Fig. 1. On tube sl rod i e locaiion for
the prips shall be & shows i Fig. 2 and Fa. 1. Tighien the
grips evenly and fumly io e degme Decemary b prevest
slippape of te spetimen derisy te jou. b aol 1o the pos
whene the specimen would be crushod.

10 Adssc the exiensine mdficaior. Whes mednlus is being
deirrmined. 3 Clasx -2 or betier exlensomesier & egquined (==
FLIk

e 11 Mdealuliis o msinfis i delennsed irsn S ke of O
It poopos of e e s cares. [on el piedicn, ks Soer
RO 15 ey ], (ST ey Saplly. SN ISUE b Ao Solame.
mkqh}-#—hrﬂhtﬂhﬂt“

10 St e speed of exmg b the propes mie = mquised =
Section K. eud slan the mechenr
1Y Hecomd ihe lnsd-cxssasion curve of te specimen

10U $esoomd the: boad snd exension o Se yield point (i one
exizic} and e lnad and svisssion & the momen of rops

R AR L

S Aoy o Ui S PGS o 5

u!pu,-quuﬂnm-q-pm__;
o allowwed i remmin Jicted ©Be Gecime, B SEmonsr oo i

- u*lqln-ﬁu--nln_--h m:

i1, Caloulstion

1.1 Tee compermstion shsll he made in scooniance wialh
Annex Al sniesx i mn be shown ihei the o region of the
curve is mat doe fo the mkeop of seck seaiing of b
wpecimen. o oiher artifec. bei rather = on themic maienal
PN

012 Temadle Serewgeh Coleulsin the iemle sirengch by
fividing the mazimem losd in sewioas (poesds-foece] by the
avemge ongmal ooss-seciionad aes in te gage length s=g-
menl of the specimen in spare Eebes {squee nches ). Expees
the el m pascals |[pognds foee por sgese mchl and eport
-Hnlhuﬂilununiumﬂtnﬂuwui
ensile srengty ol beeak, wischever i i spplicuhie, Whea s
mominal yield or break losd kss than the mevesum is press
and applsble @ may be desimble slen 0 cliculae, & 2
similar mammer. the coregomiing iensile sSress gl yield or
wenzile wrem o beeak snd mrport il 1o User sgniScan e
(aoe Mole A2 )

113 Hesgation valoes e valid and sre repomed in cases
wher oniformity of deformaiion within the specimen page

Cnpryrgis S A0 1 ] (all ragiin: swerend | b Ry 30 010 el 00 RPT 0D

lengih i prsenl. Elongstion valnes wre quserissively melevems
and spproprale for engimeering design. When non-smiform
ilelormaizw (wch oy neclong Focoans within @ specmmen gaps
longih mominal srsin velees o meponed Noming esa
valuss we of qualiiaive sility only.

1130 Perend Elompation—Percenl  clongalion & e
change in gege lengih relafive 6o the ongimal specimen age

lengih. expresed & & peeoest. Percenl eloagation i calonisted
l-rhwt—iﬂ-"l
IERE Hoapaiwa ai Vield - Cslenlals the peeces
elongutios @ yiehl by realng the eussmen (chinge s gage
length) s e yiek] poin. Divide ihai exiesson by the onigimsl
gage kength and mulsiply by 100

11312 Percent Elompason af Sreal—Calculale the per-
unl shoagion gl break by meading e eatensson (change in
puge lemghl & the ol apecimes Fapare. Dhvide e
b frokerd gy g ety

1132 Newssal Strein—Momine] sirsin is the chanps in grg
seperation relative Lo the original grip sepention expressed &
& peroerl. Mominal smE & akulaed wsng the appamss
dmeribed s 5.1.7,

A2 Mowingl wrabe of breal- Colesbois (he nomingd
simin @ be=ak by eading the exiensios (chanps in gnp
sepEntion) ol the point of repmee. Divide thai eviension by e
original grip seperation and multiply by 100.

14 Modsir of Elasicey— Calculain the modulus of elas
tcigy by eumeding ihe miisl How porsn of o losd
extenmion curve and dividing (e diferesce in e coms.
sponding o sny segmeni of sction on this smight line by e
oonespondng difference & smin. All slesic modalns vaiees
shall he compuied wxing e aversge onginal cross-seodiomal
e in e longth mgmenl of the specimen i e
mﬁmunw-mm
farce per speare inch ) and reponisd o tiree significani e

115 Seome Mecduluc A3 3 desipnaied smin, this shell be
calculaied by dividing the cormesponding se=sz. |nominel b by
the demprated strain. st modulex valses oz prefersble sl
shall be calculatod whearses pomible. llowser, for maisnal
whese o proponionality b svident, the sscsst value shell be
calculsied Deww the tsngem s direoisd i ALY and Fig. A1Z
end merk off the desipneted sirsin from e yield point whes
ithe langsnt fee goes throegh peo e The siress. 1o he wsd
in the calcmlbion iv then determined by Sviding the ol
eubnmmion cure by the efpesal svorage crew.sectinnsl ses of
ithe specimcn

116 For =ach senes of s, cabculme 5e aribmesss mesn
of all valees chinined and wpor i as the “svenge valee™ fior
the peiasks property i@ geestion.

11.7 Calenluin the sandssd devistion (pimeted) os follow
nd repen @ o two spsifieant fgeres

Y e ey "

e i v et 1
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1]
i Rl o i
!— . & Axial Strain, Ea ,a-ffj
] o
1 L]
[ /l
i ; -
L} il
4 = .f-f-i _'_u_'_'__,_n-—'_'_'_v_
B I8 . e <= Transveras Straln, Et
i ¥ L] ¥ B i W
Applind Load, P

"l i Pt of Ban Wrays Losd for Delersmeation of Posssn g Rsio

T1LE Ser Ammex Al for eformetion e lor oompensalion.

1L Mepori

121 Eespar the inlbowing information

1211 Comgpliete wentificaion of the material el el
by e, midfr, Sauluers giode pesbers, fors, pringiped
demeations, previous hisnrg, sic,

1212 Method of prepering et specimens,

11137 Type of st xpocimen and dimensions,

i1l pemceds s usnd,

1218 Armospheric condions in s mom,

1216 Nember of specimmens texted,

IZLT § of iesling.

1118 Classifestinn of sassnmamers usod. A description
of messuring ischningee and cefculaiions emphoyed msiesd of 2
minimem {las U exiensaster sysiem.

1219 Tensile strenglh @ yield or beesk, sversge vaise, and
stancdand devipton,

I2L10 Tensle sies = yield or bresk, i spplicable

valee, snd stenderd devistion,

TLLT Pevoes ebongesen o yield, o break, sr nominad
utrain wl break, or all ihros, s spplicable, avorape walus, and
seario e vistom

T2 Modeies of elesicity or seomi modele, sversge

value. and stended devisson,
TAELF & TonsSa ‘_..'-'H...*
Frin Waisrtals
il [ L™ L ™

m—- B¢ 188 1B A% 468

AR Sy 4EN OOSE ATED  ONH DS
horpar IS DAN OFEl LI BN
EI—-I-.I-;I.:-v ma oI T e 1
Ceman mrboewd byt ] OFT Qasn @ EFe 108

.-._J._I_,?,_.l-..__.l_ﬁf.lq_hq—l—
I:rH;d i-'_-‘:h_. ._u.q_-_l-a—-a.-__;::
u et el Sy e pemraly o e b vl

e

iprrigh by AK T el (o] raplhs vl | il il 201 00000 58 LT 00R

- ewniamdal proasd By
- 1 S—

TN If mesemced, Poiseon’s mtio, svernsge valoe, san-
dlad dewzatinn, snd itdomon of whoiher tem wes proport]on.
slity wihin ihe sres mnpe.

12004 Duie of =i, ond

12115 Hevision daie of Texi Method 615,

1) Precision asd Bins'

13.1 Precision—Tables 24 me based o 2 rownd-pobin tesd
onnducted in 1984, involving five materials iesind by cighu
luhorsries using e Type | specimon, o of pomise 0 1258
thickness. Fach == reseb was bassd on five ssSvidus!
determimarions Fack Ishommory obtsimsd twn o5 esslis for
rach mernal

IR0 Tables 500 are bused on o rosnd-robis el con.
ducied by the prdvelefin sehonmmines i |988, involving cight
polyeibyieoe mueral \rded in ten lbomtntes. For each
muleral. all samples wer mokind @ one murce. but the
individeal sposumens werw peepared @ Ue laborsenss tha
iesied them . [ach = pessli was the avenge of fve efividusl
determimations Fach borsiory oblsined tier e il for
cach maeral Des from some lehomiones coald @0t e used
for wmtbous ronsons, and (his b noted s sach lable

1912 Tahle 11 is besed on & repesasbslivy ssndy iswalving &
single boraiory. The two materials ussd were unfilled potby-
propyiene types. hlessummenis wen pedformed By @ single
inchsicien on & sagle dey Fach ioa mab | o slidual
deermimation. Tesing wis res uxing reo Type B- ] snsnsom-
efers fior transverse and il measursmenis o 2 e spead of
5 mmmm

1903 In Tebds 211, for the muiorids ndicaied, and for
iesi ressits thal desvved (o essisng five specimens

13131 & jis the within-lhomiory siandar] deviston of the
wverage: [, = 2E3 5. (Ser 13.1.1.7 for spplicatios of [.}

13032 Syls e botween laborsory sanidsnl deviation of
the mversge; [y = 283 X, (Se= 13134 for spplicssen of 1)

’lﬁh il Lo AT TW Heatguamas Bogaan 09 0120
IS o i -.hdll.ﬂl-llmh- 1B maard b
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i e maieral. obismed by e mme opeion sy e Lgewenn

me sgmipmen on the sese duy, dhoae jexl relis shoskd b
jadesd not eguivalent i they differ by more then the [, vadee
For e material and condation.

11134 Reproducibiliy - In comparing tws mel romlt for
i e msterid, obininad by dilfesm opersers using difler.
e eguEpment on diferest doys, those lexd resshs should be
judped not equivalent if ey differ by more than the Ty videe
MHMﬁm:‘rﬁiwunm-ﬂmrﬂnm
labwwmories or beienes dilf=renl aquipmenl within e s

[abormncy. b

I01E5S Asy mdgmes in sccondence with 1001303 ad
13038 will hawe o appresimaie 3 % (0,93) probahdiny of
being cormeoL

13136 Ouber formulstons mey give somewhal diffes=nt
ezl

Lyt by 0 Tl ] 8 gt epmreitt. s ol 390 ke 8 LT T

- el aida e b5
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13107 For lunher sioemation o the messdelngy sl in
ithes seciion, s Practce F&0],

13.13.8 The precizion of this k=t method & wery dependent
wpem the unformity of gecimen peporabos. damnbaed prec.
uees fof which are covemd |n other documess

132 Hizr—There m= oo reoogsimed sandasls on wisch in
hae an extimgie of biae for this e melhod

14 Keywords

141 modeiss of eledicity; pescenl elomgation; plasiics;
el prywrters; ienuii drength
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ANNEXES

I Mamlaliy It mation
AL TOR COMPENSATION

Al l.nlr_":ﬂ.l—-ﬁ-'.mﬂ_! ALY there = a
e region, AC, that does sol ofl the
-:mlhnnmﬁjcdhlhd':lr_hld

S st sy et e e S o i gl
FIG. A1.1 siamarial wim Sodkaan Rigeos

Crgryrpht iy A Tl i Juil Syghie memrwents oo iy 200 17184 B0 BLTE 000

(s it A

alignmest or seating of the specimen. 1n oader i obiain cormea
values of sech parsmeters 2 modubes, sain, and offss yiekd
point, s afifedd med be compensated for o give e
omTeced o poinl on ke i or exienson .

Al2 In the oo of @ meierial exhibiing a egion of
Honkesn (Beesrf bebevior (Fig. ALLL, & continuation of e
linear (CEN mgion of the curve s consircied throsgh ke
rern-sirsss gvm Thes imerection (F) is the correcesd o
strin poim feem which sl exiensions or somies most be
messured, inchading the yield offses (NE), i applicable The
elastic minbslw cun e deisrminad by dividing U siress @ any
peiee abong e Bae CT0 (o fia axisnsion) by the mran o e
same poinl | Seeeed (rom Point N, dollmed o domo.erdal

ALD In thr cosr of & maierial that does oot exhibii ey
lenear regmn (Fip. Al TL the meme kind of ioe conrection of the
fern-srmn poas cEn e made by constrecling 4 tengem b e
_'—#lhiﬂ'—pﬂﬂ{ﬂ'lﬁiiﬂﬂﬂh
intersec the snos o @ Pomi F, the correded sero-strom
poim.. Using Poist F' = e sirsin, the simesx st sy poimt. (67)
on e curve cam be divided by the strain at that point o obtsin
a seran modeies (siope of Line B°0G7). For those maserials with
no linesr egion, sey sSsmpl i use the lanpem duoagh ke
infisciion poist & & e for determimation of an offss yield
point may resull i srsccepishle error

&
Ay B



25

ALl rkdr Giwwdl—the gresiest s which @ mesenal s
capuble of ssslaining withoul sfy pofmsaml s mening
upo pommplete meloase of the sirmis. i B sxpressod in farce per
umil wres, essly megspesruls (poonds-fnece per sypee inch)

P A2 | —Memsured vaims of proporiond Bmil end chesc e
vy preily wiih e semaeey wl ey of e

ol

wqﬂ B ke 0 whinh Be s slmin L]

s v T ey

A2TD siewpation—fe Dorsr 0 gk podeced = e
gage of the = specimen by a enxile loai h iz
expresed o wnils of lenpi, smally millsetres (inchm) (Ao
knoras s enienaioe |

BT A% T ol ion il drs vellss 6= vl vely @ One where

o Sperimen helawicr WiEin I e ewgih 5 e [n e

ﬁm-jm :;tul pﬂtﬂ--ﬂ:
it et kg will ecenpes (he orier kegth hoves e gapr
Ak i e prCETISn Salies

ALY page bewpih the cnginal lengh of tl poe of e
specimen over which srn or changs &= lengih is determened

AZ A wwaalay of clsety  he rato of sness (nomsel) o
cuffespusding sifuln helow b proporosal limil ol & meeral
b s ewpesssed in force per unii sres, ssmlly mepspesals
{pounds-force: per squees imch). (Also ksown as slesnc sl
e or ¥omey v moduiay)

Fim AZT - The dmas s reaon. o moey PR & o e
Iﬂ“"lﬁ'Tiﬂ_““*Mi

BifeRas el Bl Sl BEil Y O TR e e of e
isnpeni @ B SEw-E ouree Al 8 I NS s ) e

Moduis of sGaiicEy SBoe Se susisnce o 5 N proporlionsd ST i

Cnprgs e AZ T 101 il gl by, M. Mo 21 (7 420 10 KEERT 3000

- W ek prym el b

ALE offsel yiekd srengththe sress m which the simEn
exceesds by o specified smouni {the offsei) an eseasion af the
insial proporaonal portion of e sleew e curve. B @
g i Do por unil arvs, sslly Moy apaicid [piinds
e per squere o)

N AT ThE DEEeme 5 et lor meieris wiss sires-
= curve in the yeekd mape 5 oof posiiel ooveluee The ol yasid
wrmmgil can he derrend Bom 0 SEEn S owrve 8 Infiows (Fig. ATTE

off DA e,
D (14 g s o ol g, e s of B e, s
_rqur dewe & e N paralisd o £ i ocEis iBe EerseTs of
SN i e sire s corer

mu--rdm-_:nh'du " The

el valur of -lﬁ-ﬂl:l_-lpr_ri--‘L PEET
m O Sor WS e e ol

#q'i- -“mﬂ]‘:*#lﬂm “1[-!1-

A2T percent desganion—the siongation of & == specimen
expressed &x 3 pescent of the page length.

AR prroeal chesgaion o berak and yeld

AR | pervent doagarown af beral—the peroem elongalion
i e momen of repiee of G = specimen.

v bm v e o cesbin e b ses G e s LR e el s wdled b



/ OM=Specified
] Offset

Strain
FIG. AZ1 Oifsel Yisid Stmngih

ALRD prrewt clogpanes ol VWeld e perves clongation
ol the mmemeni the yisld poini (A2 27) s seinined in the el
specimen

ALY prroent rrducsios of oree (eneging) - the dilfemnn
busivenes the original cresseetionel sws mossened = the point
of upmse sfier hresking s afber sll reraciion b osased,
expresssd o5 & percent of the originel e

Al T reslaciem of areg (frawid—Lhe difleresce he-
twoen the original crosisctionsl sma of B e specimen sl
the inimsen crom-secaendl arcs witken the pape bosndencs
preveiling ai the momen of repiure, expressed & 5 peroeniage
of the onginal ar=a

AT Pisizson’s Ratie--The aheolste value of the mtéo of
rnnsverss orsn (o e cormigponding sl erals el
fm.h-ﬂrd.mi-dnu]l—ﬁwlhmuﬁ
fimit of the molerial

Al 1l proporiveal el Lhe preses sbess winch @ make-
fal i copabls of ssmaining withos sy devisies from
peroportosslivy of sireis w sirsin (Hooks"s law). 1 i oupressed
in foeoe per smil sree. ssmlly megpescals (pounds-foroe per
sqear: imcil

ALY raiv of incdiny —\be change i wvsile lnsd carriod by
the specimen ped enil Use. L b cxpreasnd in foros per enll
time, usmndly aewions (posnds-fore) per minuie. The nitial
et of losfng can be calnlsied from e initis] slope of the
load wersm time dispram

AL rair of sransseg U chafgs i wnelle stras jor ni
time. b is expressed sy o sres per enil lime,
meires per meire {inches per inch} per minuie, or percend
elong atioa per unil time. wually perest slongalios per minule.
The initsal mie of srammg can e caloulsted from the il
slope of e wnln strsa e lme

A% The inliel e of drasiig 5 CuaTy s el e e of
oAl el drvilnd By U NS Jebd DRl ki
oly in & mansne wilh oresae me of Otelied TOvVee i when e
?-lm*ﬂ_m_ﬂ‘-’n'-l

nal g im e s

L vy AT Tl hf) ot g el e iy 001004 L LT Mgy

Lisrasae prizisd b
ervenme basome] o Lo |

AL L6 seooe sedulferthe rlo of siee (Raminsl) o
wﬂqﬂnqmmuhm—“
carve [ is expressed in foroe per unil ares,
:ﬂ:{p:-nﬂ:—f-r;u_-ﬂ.:uiqﬂlngﬂtﬂ-i
the specified s o sirain.

Mo AZT- T memanEes & L] -

L JSe— HE“W i
oo Bl (R SRRy of St Lo S

AZI1T strmim—ihe i of e elonguiion o the gege leagth
of the tesi thal is. e change n kengih por e of
evigenal longik. It s sxprocesd e o dimessealms rain

A2 17| momsmel sreois o beral e sires @ the Mo
of mpmne el o te ongisal grip sepamson.

ALIH remsilr sterapth (eoesimal) —the maxEmum sl
trrns. {poeninal) sssiained sy H-ﬂdﬁﬁh.-m‘
=i When the mavimum wes coven @ the yiekd poim
(AZ22), it shell be desigmmied ensile siresgeh @ yield, When
the murimem e oocurs & break, it shell be desposted
iemmile sirenpth @ break.

ALY pensile steray (nomisll the isselle boud per esl
m=s ol mini=ss origingd oo seclon, wthin the page
bommfaries, cemied by the =0 sperimen 5l 5oy given moemem
k i expresssd im force per mmil ares, usmlly megapassls

l,plﬂ-rmp'lpn-ﬂ
M ALK w W mi ol .
i) (s e

e s Of e crhihibag
H_I&'t.“-l:tl__'ﬂllqﬂl,-t
Eﬂm-hhnﬂIi—-ﬂ-_
B, | ade e TN il may B dmenbie I paprew B
sl proponiios per @il of M o clion. Tt
[roperii @ Cafingd S ket popntes (Ll i e el st oo
AZM femcle gresy-siram cove—a dingmes n whick val-
s of eensile siress @ plntied s onlinaies sgmmel comespond-
ing values ol ierwile srain @ shaciam,

A2.31 pruse strsen (se Fig. A27) s delined by the fulloning
eqEation [or cp

=k



&= flow - muue,

whene:

= scroment of cioogalnm whes e detscn beiweon the
Emge marks b L

= priginal distance: betwesn paps masde. and

= dmliny builwses gups sarks @ any tme

A2 2T yield prim—iSe find poinl o the Sress-gmin oeve
& which s incmase I8 slmis cccun withesl an B i

mex (g A2 T)

P A2 MEErTials Whew W oAl oEers Teand o possl
il s e W B G, i Baving 8 yiekd i

Berrric AT B S immastria b Suiinel @ S “Deeak” of
‘m the s sl mire B the et Ths beeglk i ol g pheld

afinition | ke, S il by el
;::-ﬂni-_ . oo

ALY yield strengihthe stemm ol which s mussiel g bt
u specifisd fimiing devaion fom the propoionairy of e
o grain Unlew otherwioe specified. this Sress will be the
s o the yisld poim end wisen copressed in relsion (o e
tensile mengis shall be desipaated ssher essile Srength o
yuld o imnaie wrow @ yiold @ mguead ln AL TE (g AT
(Ser ofaes vield nirengih )

A2 Symbads The Followsag syssbols may be sl for
the Ehows LermEC

a
Y

Taerr:

Limma
rowert of oas
Cimtares bartwmsr gage —arks. -ﬂ:

E_q*:-r—-dlr-

DF".--._ |
LTS S Y
rower! of oo seered v
Coma mpcborm’ wme ol pore ol wusirs e vl

| iy, g

o amcucrm ama a1 e ol nowrs . resssed ot
T

Imsrwr 1l
Termmie w=mam
=i o g
1"[".-*—# tot

[ 8
Tormsin mirmrg a2 beek
Rirmr
Il ol
Toinl stmen, = bt
Trim

¥ v S oot
ot e S

mAbrrtldsbon. & 2Eoa er.-ij

Lol ry A3 Tl o (ol ey ety Sl e 1 11088 18 01T W1y

Dmnbsaied gt by

27

Fmmme e =

AAE = TERELE #TSEsSTH &7 EREAS
ELOMEATIIN &" Bof i

*- ERASTILY =

= TEMELE WFREES 4T Bagiw
AL (eeLAT.ON 47 SAF

b= TRMEGE WTEENE 47 FELD
ELDSSAT-ON af THELD

ST
FiG. k1) Tersile Desigralions
AZTS Felaons beiwees thess varioes emms may be

dielined ms Fnliows;
a = WA
& =
w0 W ke T e il
P h#—.-hkﬂ
| 4 — .l.‘.l'..._
& =L
n = Pkl
e - "-M‘-"‘“

R e o e A
e

Fror e case where e voleme of e ies specimes does nou
change during the e the inllowing three relaliome okt

ap= ajl +L) = =lil, TALLS
= @l i) = mg LJL,
&= AT +ud

dact Ymmorm | & L = Lwenar i L



28

4l pe3z - 10

AL WILANLUREMENT OF PUIRS R RAT0

All Scope

AL LD This teat sethod comers Uhe doterminalion of Pois-
:;-wmkmmmhnm“

AR 1T Test dain oblained by thic les method s selevani
und ppropriale for yae in cogimmring deags

ALLD The valses sined & 51 unis == mgarded as the
standerd The valees given in perenihesss @ for informasion
oniy.

M AL - This semisn] |8 ol agervalend & 0E0 WIT 0

ALl Referenced Documends
AR .mr:n-hur’

55T Tewd  Mlethocs [ar Plysical Disensions of Salid
Pastics 5pecEmens

FED Practice for Verificstios and Clessfcation of Haten.
ﬂ-ﬂ'!ru_.

E1X2 Tem Meshind for Poisson’s Raiio &t Bsom Temperstune:

Ei#8] Praciice for img an Iniedshorlory Sdy 1o
Dietermine the Precimion of & Tosd Methad

F0002 Praciics e Yerificaen of Teang Frame snd Speck.
men Alipnmess Under Tensile and Compressee Axial
o= Applcaton

AJLT [50 Shondard*

150 137 .1 Dowsrmenation of Tansile Propenixs

A33. Terminology

AFT] Dvfmitees— Defimtions of s w this
insl methad oppesr s Torminology DAY snd Annex A2 of this
stadient

Ald Sgnificance and Ve

ALL] When eetsalal il foron b sppliod b 8 o, e
sodiid sasstches i e direcioss of e #ﬂdhﬂnlﬂ.ﬂlﬂhﬂ.
il s confracis i both dEmessions
apphed forme. I the solid = bomogeneos. and L“'_..Iﬂ
U matenal mmens cletic suder he sten of te
fnece, e Lransvetss siFsin bess o constem selat|onaiss w Uhe
pxisl sraen. This constanl, called Poisson's maiso, s defieed as
the megaiive mii of the tmervese (regative) o sl smin
uncler enianial sirem

ANAT Poisses’s rabin bs mssd for the design of sirucsess in
which all dimensinesl chenpes resulting from ihe sppliesion
of fore seed in be taken inio scoouni and = e spplcsion of
e preemlied Sweory 0f elatcty I dreciarsl analyss.

Mem ALY The ol e deermimten of Poises s o
umally Eniied by B aTunay of B Ve SR DeESpEnes
heme Be B i e megsaem—S A

thar e e aial sires MG Sour 1 i g hn = dour
{ErEy @ mowmiin & ® ey mmaary 1 Leow axurslely G sisl
v—ihm-ﬁlﬂd-t—HMqu
VR of B appind s nssd B e known Soswely,

iyt iy AN T bl Gl g svasrnl | il Ml 0 - 10 LT 20

* i nodanl vk B
[T b @

A3S. Apparatos

ALS] Referao 5.7 sad 5.7 of this sandund for the regee-
sl of the istlng macking and micromeion

ASSD Far meaurement of Posen's Reio ss= either &
biarial exismsometer o an axial exemsometer @ combination
wilh @ tramveme eoimomeicr. They musl be capsble of
seneling suzal senin snd ansvors srun The
eniermimeters shall he capehle of messaring e change
smins with = acoemcy of 1 % of the relievan wiee or e

-#.u:' I:‘—-.:—qlnu::u;”
AdA. Test Specinees

AN Spevimen— The sl
fmensiom shown i Fig .
prefened specimen and shall be weed where saificen maiens
Bawing & thickness of 7 mm (1128 in ) or less is aailable.

ASAD Perpararias — Teal specisens shall be praparsd
machining operstions, or die cetling, fm—'-huﬁu:,.
#.iﬁ.-u.ﬂlinnrhn-'ndhrmkﬁ:!h
=airrisl o ibe specimen shape o be ested.

Baces ALA - Wik iy aprceTiae B codli aespealls s
ESeS SECR O WOWER MOS0 hES Ol CHFE S B SRATISSH

o
el B i n i s R el with o
cremiGis § THehic homp Sl

specimen. Al Sach shelll be remioved from o molded specimes,
mking pex care ool i diswh the molded saifaces. In
machining & specimme. sederces that wiukl meeed e
dmonsinna olsrsnoes sbown i g | shall be serupuloesly
svoided. Cars shall slso be mkes w0 void oher
machining smors.

ARGA W | is neorsaary 00 plar gapge marks on
Mmhﬁﬂh“wuu-ﬂmwmnﬁ
willl ninl ey the mmermd being iensd Coups meris shall
b scraiched. punched, or impresed on the specmen.

ALGS When quf-lﬂﬁ that are smpecied of
shiacbiopy, deplicain st of ins shall be propesnd,
lawing iheir bong Exes nspecti pumllel wik, snd nommsl
. the msperied direction of anisropy.

ALT Mumber of Ted Specimess

AT 1 Tesl ol lean Eve apocimess for coch sempls in de
mase 0 niropic meterisls

L b | AR Sy LI Pt



29

Al Deze - 10

AT Tes wa specimens, five nru us, mnd v parulled
with, e principe sibi of ssbotogry, fo sach wmple in s
cass of INISNITESC Mkl

ALK, Condilinning

ATE ] Speciesees shall be conditioned and r=msd 0 sooo-
tanoe with the raquirement shown in Section § of ths sndard
ALS, Procodum

ANS ] Mesmse the widkh snd chicleess of each specimen
o the nearest (S mm (D00 i) wxng the ieg
metbods @ [FF207. Follow the guidefioes specified @ 10,11
andd 101,23 of dhis standand

AT PMoisse’s Retio sl be determined o 5 speed of %
MM R

ATSD Mace the apecimen in the grips of e wing

menl of the grigs o the machine. The disianoe besween e
onchu of the surfacen, when usisg fui shall
bee s isaicuing im Fig, 1. Thghuen the gras st flrvmly i
Uhe degres necesmry o peevenl slippege of the specimen
turing the e, b ool to e poinl whess the specimen would
b crabed

ANSd Airsch e blanisl exiensomessr or the axml and
lmnsverss eviemomeier oombinalion o the The
Uranrversr exuensnmeter showhd be sitached 10 the w=ih of b

H

AVSS Apply = small {l=ss than 5 N} wn ik
specimen @l 8 oeshead spesd of 1] mmimin. Ths prelosd

.l.li.'.l' Rmhﬁ.lj-h'n:-hlmi—d'ﬂ_'i!-
the rEemmomees. simcharoly e

fmem the culsmoEcion o U e
hmfhpm_d'ltev.ﬁenf F—'lll-n

hlhu-lhirnhmd‘mhmpu

nndthﬂ.pﬁdiyh‘h'}.m is paricularly imporsm
for mmt=rials havizg o non Eesr siree o sirein ceree.

i whirh the curve is linear If this srein is greaier San 025 %
the Poiszon's Raio is bo be determined smywhere in this liness

the Poisson’s Ratic shall be determined within the svial snin
range-of {1, D00 1o 00075 mevmm (0,05 1o 0.25 %1 1F the ratic
= dewermined in this munner & chall he actd in the mport the
i seginn of proponialiy of sress i Ssin wes sl eviden
Nom ALGS A mishie mehod for delsnsssslion of leesey Of OF

Eirem i M cwve by making & series of MR RERArT
menly @ ATorond ev sl siren e Vel o rad dren lrenl
Iniliasir neeriy aas dlirseg s =Tl Wi EermEing war
I BaScie Bon ey

mprrigh by AX T el (ufl roglhien vl e Ml 200 (0000 L LIT 300y
mh

AL Cabrulation

AL Preioos's Rabo—The avisl srmin, ¢, el by
ithe sl eviensometer, and e nsvene simin, .. Edioied
by the transveme eviensomeien, ae phoad sgains the applied
I, F, as shown is Fiy, 4

AVNR LD For these matensls wheee ibers s proportonaliny
of siress tov sirmin s it is possible 10 des=rmine 2 modnkes of
eluicy. o druight [mne is daem thregh esxch s=t of points
willun the bl usnd o detormanetion of models, and
the slopes dic, /o and oo, /P, off Uhose Bnes o deisrmined.
The w= of o leas squares meibod of celoelstion will educe

T from draowing Soes. Poameos™s Halin. jul. is then
calculato) s [ollows:
i = (i (AL
W
di, = CchEngris W R,
de, = o el sk 5

& = changs in applied

I = b, e} (43,30

ATIG1T The smurs the we nosdssed by dewwing =
sirmight [oe throsgh the poiss ar= edeced by spplying the
leas s method.

ALIRLT For tesy mserak whom dens i ne

sliiy of siress i srsn evidenl determine the ratin of fo ) di,
when di, = 0.2 (hased on sal sirein moge of Q0005 &0
1.002F mmimem) s afler i compenssion has hees made.

| = s Jnemz FEED

AL REeport

ALY Hl{mhhh-ﬂhﬂ'

Mlllltﬂnmdhwm
Lud.ﬁg:_lrp:. sarE, m’lmt numbers, [orm,

ALILL2 Methad of propering mt'

. e

ALTLLY Type of 1o spocimen and dimensiosa,

A TLLS ConSsoning procedurs used.

AT ILLS ic comditons in i poam

AN Mumber of specesens iied,

ALILLY Speed ol testing,

AT TLLE Clestficntion of exensomeers med A descrip-
liwm of messuring echnigue sl @icolaions empiowsd,

ALY Posmen's relio, svorage vales, smadsnd
deviss, and smemeni of wheiher Sese was proporiesaliny
wilhiin the simin mge.

ALTLLID Dste of tesl and

AL Revison daie of Tesd Ml (418

ALIL Precicion ssd Biss

ALILT Precoew—The stambard devialion
his B dstternised o he e {nee Tablle A0.1.) An
sriemp w0 develop & full precision and s siemes for this
st methed will be made @ a bier daie For this rmeson, dais
il S goniain & found.Fobus bused nesmencal precuion and
bins sise=men, o shall n be med = 5 referee =a method

8 -



30

&y pe3s - 10

TABLE A3 1 Polszos's Faiio Saced on One Labormiony

b Eowrsorar Tew S i | = =
: Tpart ) ] [T
w P oo mo L
bes 0 e = (=T = ] L= o
P oot = g = aem ams s
P T a2 PR " i b TRy ——— " F e e b ol

Pt

5= S e < U=
T T e e
- rurtsrries. bt T et————r

e of dispuie Amyone wishng @ prticipets i@ e develop. ALLY Keywonls

menl of precison i biss dets sould oomtant the Choirmn z s s :
Sub stive DAL Sechamical & ASTM A D3] andad sreew; Poreos's miGor tressvere s
imemational, 100 Bar Hedbor Wien Comshobocken PA
2=,

SUMMARY OF CHANGES

Commities [¥X) hae idennified the locstion of sedermed dhanges in this. sk omoe the L oo (D63 - 0E
tha may mmpact the e of iy Sendend (May 15 2000

11 diied oomditioming sed == conditinn Chses

ASTH bbb ek pree mopcieg b iy o/ - =
i i senne Ul of i ntasada avm e ’:ﬁ-ﬂ}iq.-h;* ==

i_li-ﬂ*—-ﬂh-ﬂ

T P TP S - " M " =
oty ree -ﬁ-h—.-—ﬂ*h—fhmﬂﬂ

-r-l-ﬂ'l--ll—r-.ﬁ-l—-—r h_ﬂ_-ﬁl-hil—r‘
spchrn coories weat L S o

s e b S A5 TH &.ihﬂ-hlﬁ

T i 2 Aﬂ'-_l-h"*hmhhhmﬂ__
L St # ihﬁﬂ-rh“& ASTW of v mxow
h-il‘-ll-'\l- -i#-# ﬁﬁﬂf—#
-1' q i b e P ATV swrete et 3

g ey A5 T i (0 gy st ek i 0000 88 00 AT R

h-—u-—h
| e R “ar BT




31

ANEXO No. 5: ASTM D2240: Standard test Method for Rubber Property —

Durometer Hardness

Designation: D2240 - 05 (Reapproved 2010)

Standard Test Method for

Rubber Property—Durometer Hardness'
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O, anil D08, with am enifice (e allow [oo ide
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fi.d Typn OO, CHMS, and M test rpeeamess sharekd bt ol
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with & Ssnner

611 A Type M meximen hai s met of & eonligesiion
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pevimens My oot agnee with those made e sl speciemens
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{8 L0 s s foum sy edge anless i o ke tha iden ol selis
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e L ek b thie 1 Semem (0 (15 | v aie clitasngd
with o thinne specimenr. The specemem s2all be snlably
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miay be wwed for misiestila havieg higher hatdnes valses The
minisem disesee [rom ibe sdge al whish mesmremeny may
B made Dhewse decessed mn the bardess inceesses
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T D 15 BE1: HTET W02 ]
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& 01 Gl D1 i ) etwmes e M Type (0N darmarartems,
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ilisnsmalons aw | 37 & 0000137 s 0 080 « D00 033
[} bestweeen tem (e 4L
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el T ]

T.0.5 Adpmsi ihe iclestnr saipnsen p 150 & 06 e
(0058 = Q02 (n) Foo Tyge OO0S dupteserers, sdyst the
indhestor exbimuiiin b 50 = A0 min @198 = 000 =) Fo
Type M idursmisipn. afjuil e ndesar extemaion i |29 2
BE2 men (DB4S = Q00) m ) follesnsg e memalasiney
revrETended provocse

T3 1 Wian porierming e procstsms @ 7 |, o dhoald
be meed 50 25 mot i e damape o the mdemtor o Fig. 4
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T.16 Peulielem of ihe deromeier preser food 0 lhe
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Metheds (3870, Mackmigt's Micromenens, of (USrWle Ko0D=
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i i
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T, e b sl “ﬂﬂﬁ!u“ﬁhm.
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Al lwrer 8 revomsmondsians. welke adrerimants s Chal
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wfi § +1 ) dareereier units measuesd ai 0,
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(000 i} ol endecier el sxcopl Bov
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oqual o {UITE mun (8 BO2 in | of imsdestor el
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aie mveghahls The smtmmmostison wied dhall keve sneabiliny
ap desgribed | | 4,

T26 The duromcter shall b diippestod m a i labic fuios
whes parloming the procoderm denceibed = 7 | and 7.2,

T3 Calibranan Device:

T30 The durometer sprsg shall b calismied by mppans
lig e dipoemeter i 0 calfwiting daviee. ssa Pug 3, Ina
verl pomtion and apply=g 2 measurshie foore G0 e
imfemn fip The fomoe may be medsssd by means of @ balasos
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im enlibemtion So 7150 = T 14
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0, pesdl W The measured ferve (% &0 mase in kilsgreena) sball
e wrthem the sarng celifration selerarce specified in Tosle L
Tihle | wlentifles tu messured (seve aggand in ihe imlenios tor
the cnisss panpe of e imerumen, alibvsgh ii (s neosimary saly
o verify the spemyg colibesiios o poingy eed heserm

148 Spring Calibratios Frosdese

141 Frwe tat the oulenss extensen had been o jumed
m aciondanc: wills 7 1. and the Lincér mligoaksp botween
ncemonr travel ! dlapley b0 o specifed s 7.2

7.52 Maps the durmmeier in the callhmlion deviee as
depicied s Fig 5 Appdy the fnees indioates] in Tasle 1 an thai
forves sppliead are alignad wilk U cenierliog of e indenior i
i fashiss tha eliowinmes shock er vibsion sl sdjus e
r“-ﬂl’ wrerhng to manulmbecn’ mesmeslitione
153 Az the pesnts emumeraied in 74, the displey sall
indipale & value egual W Q0% mm (O30 in) of indesior
wavel. Fer Typs OO0 durometers, e display shall indicats
& value eqoal o 005 men (0092 m) of Ddemor mavel Por
Type M daromsiess, The demilay dall indscsin & vslue cgual in
G018 mm (0000 in) of indesinr imavel witkes the sprieg
calibroees robormnces spenificd & 78,

T Sgring calibrabion miermmnas are = | 0 dursmele e
for Typea A, B, C. D, B0, and I, =20 dursoneses unils far
Types (O3 (M0, and (ONLS, s +4.0 doremetier unio far
Type M. whils sl srdivsng holew 6 e abeve 100 o the Bme
of calfsearsnn (see Tasle 1L

T Epring Ferw Cawmblagisas

Copymghe by ASTM Inf jal nghen rosmed; Tw Do |7 S0 IRT AT

7.7.1 For Type A, B, E. and O Sercomsieny:
Powe, M = 099 + D75 HA
Wiheee 1A = hardeess roadag on Type A, B, B, and O
despmsters
7.7.2 Far Type ©, T, asl DO daronien:
Fmige, N = 84445 HD
Where HD = bardmas resdmg oo Type ©. D. snd DD
ibaEmelar
7.7.1 Far Type M dussacicis
Fome, W = 8324 + 004 M
Wihere Hb = hardness sesdag on Type M devmeten
7.7.4 Fur Type 00 and 000 durcmpiers
Feire, N = B20% o O0E B
Where 1100 = hardsess readiag an Tree 00 dssomeiess.
.03 Far Type 003 durames=rs:
Fises, N = 8167 + OOITAS HOOO0-S
Wi [Ned = barnei madag en Typs (004
demelery

TA Tha rubler solemese hinckis) pressled dor vonlyag
durnmeter operatwa and siue of clihration are ool o be relied
wpen & calibeamom sismdards. The caleation procedees
eatlined = Secies T are the oaly valbd calibealiom procede.

T.6.1 The wee of mesl reforece blocks s oo losger
reoinmended (epe Mot 30

7.9 Vemfying the sms of doomeio calibewsen, dsvmg
rutine wer, may bo sromplithed by

1.0.1 Verifying thai da e madisg b me mevs thes |
Eiliaicd pdgn! abave bord, and B bolow Bt (60 Sustiecicn
wr equipped), whem the deremesr is pesitSoned =0 that oo
wninrmal farwo o placed spon the mdenis

T.0.2 Verilyving tal ke 100 ronSng is oo mone U 100 and
e |ess Saan 99 when de Geremeter i povitionsd on @ Bal
wmziace of a pesssetallic saienial se the Be presser fool i in
eamplels b, eliung the thissior 16 ke Colly sesracicd

TH.2T 1 ds bewpurinn! that whes perfoming the veriliosien
of 100, s desordbed i 751, (bl ewiresme care be ulen =
o fl cmmde damage o the indesier Vemfeaion of the J30
walup is wei recemmenced foy dusmeiee bving @ geing frace
mealer ham L0 N (Types ©, I, sl D00

7023 When perfocming the werification of [0 ar de=
mribed & 791 (he mesemplal mealevial shall he of a
lardness valns grewier am 100 of ibe nype (eosle) of e
durnmeier bring cmpleysd. ghass af o thickogss
reaini dan 6,94 min (0 in, )l been o stadasiony o
s apiscabim.

T3 Verifying the doplayed mading & any ether posnt
wiang oesmervinly avellsble rubber roleorso hlacks whelh
e copified woa staied value of the type (smle) of fe
durtitusies hidng smploynd. The diaplayed walup ol the dirss=
ﬂ'“mm?]ﬂm“ﬂlﬂlﬂm
Wock's siated valoe

7.9.4 Verifioasens of e sonn asd 100 maEnge of & duess
sier previke icasmablc s thal e lince mlalleasip
betweon the indicaied display #d the dommelor mectarsm
Feanaan vl

Dirmagrade] prasa] by
Ulptemyabad] Bpemsl i 0 slarida prevesd bl ssem Spreeaenl i VeTEr i Badi e gl ol
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V8.5 VerSeals of pexats betmeen mero asd 100 provids
ifligaahis BalrLagE Ehal the peEviliness selalspsdhio hetwnen
the mliciled dizplsy and the deonde michsmiim Hpain
wiled

THS This s nef @ caldeation preapedan, if Lo @ e by
whirk w uper may restinedy verfy ! s dursesster sy be
Sunrtianimg corneoit | Ses Moie 1)

& Taborstery Atmoaphery and Tesl Sgecines
Lenfitinnmg

i1 Teats shall b condugicd m the wasden] laberatony
aimsaiphane, & defsad (& Practics T[4 Seones 41

B2 The memmest shall be maintasnd in the Smdand
labsrmnry @mniplsns, a0 dafined in Priciige D905 Sscion
4.1, Sor 17 & price 80 porfoeming @ besl

AN The spmoimes dhall b condiioned in ssorlecs wilh
condition 4323 exchasive of bemadty contrel. @ desonbed in
Pracisn 19608, Sretson 6 0. Frooedero A aod lesfed undar B
wma wonditam, eabisive of humslily sentrul

4 These provedures may b modified o agresd upon
Balween leharaiories or brseen anil mer and & in
aroeniance with alematies procedores dentifisd iz Pacice
Win

5.3 No coochesve svalanion by been made ce daremetess
il emperdiams oher tham 3310 = 20°C (TRd * 16°F)
Condsnning ai eeperatees cther than te showve may thow
changes m calibrsen. Demomessr nse @ oihier
thinm e b skl b devuded lnwally (sea Pesanive 171 W9

B Pewriilieg

81 Dpermting Savd Operanien [T 1 Opevaning Stand
Reguired far Tiope M)

G811 Core shall e enpsvised i misssien it copamres of
thee imsrement o esvirnnmental oonditens thal s adverse o
the performesss of the isstrumest, o alverssly alea ies

resubs.
S.11 Adgeri the presses fooi 5o suppont table parallelam s
desoribed in 10120 N i sevesnmry 10 malie 6y admetmen

each ume the suppon tkis o meved o soccommadale spee
mend of verping desaniiens

S0 Prer w combuciisg a ten adjor the vesieal datanoe
{rom the prosses foot ta the contac sarisce of U o3l spariseen
254 1 mes (100 = 0,100 in.), esbess i b knewn bl
bdemiral pecairs ars ehiadeed winh pressey foot & a prester o
Tewaer verlical dimmsee from the deit apecermen oseten mrlice.
or if stherwase sipslaisd by the manudsrerer

14 Placs the specimes on the apecimen pappor ke, in
4 parrer (sl the oemiail poinl of (he indssing i = avenlines
with Sectioe &, wmless 8 5 knowns thee destics] reeslts as
ohimsed whin mpsssrmesis we made with U wdenior ol @
legmer distance frum the sfge of e ien specimen.

915 Actsie the relewe lever (Fig 70 of the opersing
i g grmvdle B olevemeckanivel device, allowesg e
dhmameer ip desoend ai 8 comirolied rne amd apply the presser
foot w the spesisss in saoprdanes with 5.1, 2 In the dase of
“spenmen i mdsser” (ype opermng smds, operaie e lever
or pilesr merSanism 2o wpply the specimen op the mdemer in o

Clrprghe iy ASTH Bl | g ressoved ); T D |5 BEIEEDST 2000

H‘ﬂﬂuﬂh

b akrming B L

wumﬂﬂmﬁlhﬁ- 16 Wk
duremeies prévaes o withe shock snd wil fon eefficiess
Pirits T rvend (ime Cie calind led] spring fects di showa in Takse:
I

¥.1.6 An openming sand e the miss o a4 oome
‘troilied rae of descent. whout deck is mandstory far Type M
duromaion. Hesdeld sgpiicatan o Ge use of & Type | o
Trpe X operating siznd for the Type M dommeter & not an
waeplahle praciee. jee 3 104

817 Fer any marerisl coverss in ! |, onge the presger foom
is in conao with the apecimm., fior example. whes the (mimal
indenter imaval bhas cemind, the munisae indived readeg
shall he secorded The ome imervad of | o berwess Inimal
indenior irwved ouaation and e fooending of the =il
reafimg, shall be conmdered mundard (ther ume mervel,
when apresd o aineoy labarakerics o borween supples asd
uses. ey Be used and eepored arconlingly The Ediomed
hednesd rmading may dlange wih time

8100 H e durometar & oquipped with an slegionms
st midicser o Gning devie (efor e 50 1Y) e
inEsated madng shall b reonisd wihin | = 03 ¢ of e
coasdbion of ihdeatnr treveld asad popueind (eedes 6 1020 Sow
roperting protocal ], sy olberecsn moted

#1072 I the duromeser s equigged wilh an ansleg Type
e e icemesr (eefer e 5.0 L 10 the meniesn swbhoaied
vemding mary b recnered and shall be repored (reler o 132 %)
upledi plsewise sl

P17 E e dorhmess |5 pol cquipped with the dewvexi
denmibed @ 5.1 .09 @ 50000, e inSewicd madesg shall be
rpcestled wathis | 5 44 o pasdibds and ispired (el w10, 25),
linlest clberwim ol

S18 Mk five detervinssons of hanfsess @ &Teoani
posticas e the specimes ot leest 6.0 =m (024 o ) apan, 0580
o D080 i ) gt Jow Typie BE, and caloulae e anchiness
mean, o diomsively clculse the median The means of

anp the determinasons ssall be repored aconding =
([N ]

Y Mamma! (Hand Held] Gperation s Dewwriee

9311 Cirn aliall ba puswgiond io numsming the sapene of
Lhe instrument ie mvirsemenial condihons (hal are adewerse o
the perfermance af the inrtrement, & sdvesely afect e
ressis.

512 Plae the specmen onod Mail, kand. hevizomal sorface
Held ihe demensier in & verival phoilon wilk te indenior Up
al & distenes from any sdge of te spevimen a3 deseribed n
Satines b, uniless @ |4 inewen thal idemacal resslis dre shiained
wihen mesmremenls ae mods with Be mdssiar @ o8 Jenisr
iisancr,

2.0 Apply the prnieer foss &6 i specimen, maisssmning i
inw vertical preton krping B proess oot pazalicl o
spesimen, with & Srm raseth dewnwad action th will gvasd
ihock, rollang of th resier I Gver The F-I._d:rh
applisatica of kol G, Apply sulScscnt prssum @ asran
M goilast betwwan e praseed (o dnd the apecisen

824 Fer any materisl coversd in 1.0, afies the peesser fom
in o8 pooist with e apscsmen., the indaaind reading ihall e
rececded within | = 0L & or efer any perad of e agreed
upes: amnesg liborsiores o botwsen mpple ond wmes, I the

L T TR TS PR e |
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T LI R T b gl HR 4L s .:H_'"“" ._":‘.' ’
v aA RMT N E TR T T .._r""'"""", - I-'“'""" Pl .y
. el = A e A= e - PR gt bl = D0 s AN Faabararan i,
1 ELA RMS LW M LM LM T P e e roshveteig rilobon, R 8¢ -
" LE ] ST LT LT L §,00
L L B o R aE e R a8
Woowa tm o M o m o w TABLE 4 Tyge 1 Frosinmmlyps [ Soramets Malhed
1
14 MY NS L TE LM L P
W oM REE S Al W LM LM Mty AT B
17 T T T T T PR L
] 1 1 :
e oW N ae e = T oss owem e Am A we T
:‘: T A L¥ ) T 1 L, B 3 (2] LT M 347 BA4 T2
Bl L o E L T E———
m m W 'r..-.l:ll-u!.ﬂu.i-.uq:_.luh.
e s Wy rejsiin i I, paroe
"= ey :H-M [
®gm = e = o AT PdRAR T L,
P T S ———— ’Hm i

s ety il (R R e,

2 ey S el PR e sl
T e bl - R 5 AH s e g

N w vmpbike By sl [Te i ey

deTomstey b5 eguipped with o marEwm odcalor, e maTe
mum imdcaied mading shall ke moerded within 1 = Q.1 5 of
the pesmston 0f issifal Indentor srasel The edivaled henlnes
mmading may chasge with oo,

S15 Muie fve delerminalion of bardeen o diffeses
joalibomi o ihe spesimen o beam 5.0 mm 034 in ) span and
calvalass the arebmelsr mean, oF skematively caleslate te
moditn The mea of calinlaliog b delominalioss shall be
mparied segocthag = (028

%3 h o ackoowledped that dremeier nehogs boew 20 o
shove B0 are oot commdered reliahle oo reppesed i
malings i (hese ranges sl b reered

8.4 Mewsal spemiian (kandheld) of 2 deremeier will cose
warintions in ibe resalis shasned Tmprened repeaiabalily may
e el by g o psaen, pecurely aned o the desamees
andd peatered on B anks of the indestnr, Hocemenandod masics
are | kg for Type A B, E. sl © devometen. 5 kg For Type C
I aned 1) duressiens, sd 400 ¢ for Type OC), OO0, and
NS duromcies. The mstroducsion of an slilicns] mass oa
Type M darometers i ot parmatied. Parther Enprovement may
b dchiownsd by e dGse of o dunemstcs opsaing i
wenirnls e rale of descent af the dsrometer presser foot (o e
e specemen and incorponmies the masses describad above.

10, Repar

0] Errumest Cafibretion Repert [Duwsseter o Dperes-
=g Tiasadl)

TG T Duabe of exlibrsios

161 2 Dabe of et caliteion

161 Calibewison dus date [spe Noin 71

Cocgryeighn vy ASTM il T rightn rescrvandi; Thea [ [7 2200 ST 20
L]

1814 Mesfactoeer, type, model, zad senel membeor & the
inrrmmieni, @d & motation when @ maxisves indiceisy o
liming dovies ws peeseni.

1815 Valwes nbimmed |poes and pestecaliletion results),
incinaling & sotatios af the efect of & manimes ndicee, i
prossst, The methnd ol repeeung the calibrabed walue sball be
by Emaining the prbesetic mesn of the derermesarions

16 |6 Ambicn! Seiporatum

IELT Helsive hasmnlivy

183 Technician sdelificaian,

18[9 Applicable mundards to which the msirumest i
aldnite]

181 L0y Celibrating inslrumest mformalion o mdiode type,
seral mamber. manuiscrerer, date of lam calibrasen, calibeation
due dale (ww Mote I and 4 sldiesenl of Esashddy of
simmfards weed 10 KIST or otker acceptable crpanizetion. See
1.4

183 [lavdneir Measurgmens Ripen

182 D= alica

1822 Rabafive besnility

1023 Ambien

1824 Mealpitwer, iype, dad senal ssmbes of The dsem-
pies oF operming riamd or both, iacledmg n netation wien a
i asliswm on g devicn o preessd, dale of las)
vabbratim, ed celibation dee dale {see Mo 10

Hoerw =Tl walibiwtorm e - Dibfivtees dur dar o P 0 dorermeites
o te e dlofeesamad hy Do woer, bhased upos Basgergy of wn, srasdy of
poadnatd, briasiral fO1cr, ol siles sanabis

Perriddic chacitmg of @0 sporssen and mme of dersmes cabBeTi on
il @i terimlly dvwlmiide nfvker = # hidvee pielor ke 00 dpeacfeally
ragaed o e pupses o cansesfed

Al miresen i b beoh sipadcd  svern sk, B wvaibly
g, preciens inn Seaminmaeme meer San 3 Afforsm from
palibriid rifeber tnal bimiin o wlnp e o |0 S

Lighsmyaled] bps pasml sb 0 sbasbag jannass bl pows Sgremiead S GarPaes sl aafas galar md
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mperind af wnesSbiliny, sheowkl be meved B servioe snd remmed 18
& gualdef cathoman dagiey

A bl sesival o wa Vet b P dmne il e Ju et vt
vk @l duranses i Sl are widmepeenily el moms afice
vt e

The aafibiraiies imerval for |rawemenis sl divams oo
Fhived @ whii cEibEalict of duremeerE = dvarTiined b 1k
e iher Wi AN 3 cirphie Bty
i BROVERT | OY5 i br U et (it aiad s 1o i b (b

el pravided b

1025 Means of sy, whether el (bend held), Type
1| opmuaing siamd (apsiininn 1 (nidesier), Type 1 opesting
s [mddestor w specimen type), or Type § sperating stand
ielecremechescd or Sydrasbically dampencd)

1026 Descripison of il specimen. (ncludsp ihicknoa,
wather o pirdzs plicd i lees Ssan the hickness indisied in
Sectson §, incheding the vulcasizatson dabe.

IBLT Complete wiestilvation ol malsrial ised.

02X S Hardoess valss chizmed and method of caleslstion.
either aihmess mean o altematively, the median

LB % [ndemation beednee tme maerval o which detssmus
Ealpoy wal mekfe Reslisrs may be eponcd I the foom
MBI whese M in (hi type of durbineter. 50 the resding. aid
I thi mee e scends S the presscr fost W 10 contacy wil i
apevimen or g an cectronic Umeng device.

L. Precision smil Biss

LI These precisies and o sirnenls fve hees pris
e @ g eidaner w il Pristar (12880 Hobes b thin Praatics

112 The Typs | povciilon for the Type M nacthod was
delarmase (v i imslaboreory progeas wak 2| messials
of warying hirdoses, with sin pticpemg lsbemtorioe Tosle
wand cemdugiod on (wo sparaie days in each labssaiony for the
Type M iesting program. All mstorad were spplied bom &
Engle weurve, being Sosn cemmonly mpplied a1 mioenee
maberials with G insrsmonts freen e sanudsiam

113 The peoazalon sl in this procisson sl bl section
v timate of the preceeios of fhis hat method with the
mnateclai (robleen) wied o the perscale imiedaborstory s
i as deseribed abeve. The procssion parkmetsss sbosid no
B used for acecplanes o meetion watag, of both, of any
group of miscmali withoul dicsmeniesen ha By ux appli-
wable % those particular materials and the specilis tssting
el thet smide U Ine meihd

11,4 The Type | proczaion foe botk Type A el 1) methods
wip detsriised [om an isedaborsery pregram with 3
materiali of varping hasdneia, sah ay paticgeing Lebaciteos
ries, Toiki wes Cimdsctod o8 lwo mpals did B osh
labormeory for both A s O weting peograms All mesciale
werc seprdicd fom & sagle soesis,

s Ty AETR

w L

dtrwngrnded penied by
" b | e | vl

T D 15 BE1: HTET W02 1]

1015 A tess result for hardeess, for Types A D, and M, was
the merdaan of frve indrvidual Bardnes ceadisgy on esa diy =
oan b laboralors

1145 Table 1 sheww the procises momlts for Type M
rgihed *Tebde 1 shews thi pricissn reeslts for Typs A
ietend,” and Table 4 gives e peesasion raalts fm Type D
irathed *

107 Procisan-- The procison of tis ten seibed may be
expmesel in the Corman of the followesg saemenls which use
A approgwise valug &, R, (7L of (KL that i Sl valee 1o be
used i depisons shoul e results (oblaiesd with the e
methedy The appreprise value @ thal valus of r or F
associaied with & mean level in Tebls | clessal o e moan
lowel uniles onmalderaan (@ amy gea lms. for sy glees
material) @ meutine tmating eperslions.

Ko femd Tepe | el (= B EEH, O il
th—wytm::dh- b

1171 Repratninlse—The repestabilily, . of e i
methods hay Seen eahlibied & e appropriale valse Libes
lated i Tablea 24 Two single tod sesulie oblnsd e
necsl et mathod proceduwss. thet difer by mom Gan e
labulaed ¢ (Bow sny preen level) g be oonsdened & derived
o differesl or oomeadentical ;g pogrelsticor.

1872 Repewduriisbiry  Tha rependagibidiny, 8, of Wase i
methads has Seon mfablished &5 ke appropralc valee Lihe-
laied in Tabdes 1=l. Twc cingie tee rewalis chinized in twe
lifTewent Labwsmtorims. ander sermnal mol el prenies.
lhant iilfer by move Gian ke Gabulaied 8 (for sy grem Jevel)
mvss be pemsidersd @ have come fem dfferem or nope
lifemlisal samgde pogslaimnn

1173 Repeatabiiny and meprechechility s expremed 2s &
peresmtape of the mean level (r) ad (R, el bave squivalest
applivwilon ssismeni as sbavs [oe romd B Fer the (v} azad (E)
jiniemenis, e diffgence i the two slngle tes esmbs =
mwﬂlmﬂﬁtmuﬂﬂhmhl

118 Binw—[n test method erminciogy. bies is the diferenoe
hetwsan im average sl valus and the efpemoe (o wee) e
propemy valme Refoence values de nol exse for dhis iem
mctied mroe the valee (of ®e tem property) ls exclusively
mﬂd—dhhlwmmummmhm

1L Keyuwwnds
121 durpmeter; Sswmneer Sordress bapssessy: psdearavis

hivrdkass; icen Jicemensr handmess

* Baggrting S hive s Akl ATTH Thiuidiy
b= etaied by rejreplap Beiraih Bepadd KE D sG]

! it s e b bl e AT TR sl mas e sl e
b whicdnd by AgEeiliop Beml Bagaa KE Dlaiabe
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K12 h b gemerally reigmend Sal dunmels hanon
dgiermamaon Below 10 and abeve 90 e snrchsble. I o
mevecmended that the aeat ke or Sgher tvpe (icale) be gend
an thess aifussmy

K13 B b ke reomesmended that, wkensver possikls, an
operatmg fand ke empliryed m performisg durometer baxiness
Irats

X2, RELATFD TEST METHINE"

%7 Test Mietheds for Strengih Fropestazs of Predabrivsisd

Archosemural Acoemicsl Tilke ov Lay-da Paneds
CATh Tt Methods for Peysical Testing of Ghypees Pasel
Frodoots

58] Practse [l Deieossinp Chemssl Hesmance of
Thermeaeiting Resins Used = Olassiherdlzinforoed Sirus
mures Imgsnd=l far Bervws

Chi] Test Method far Indestaibos Hirdnen of Elassincis
Type Sealanis by Mesng o & Dangemener
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ANEXO No. 6: ASTM D6110: Standard test Method for Determining the Charpy

Impact Resistance of Notched Specimens of Plastics

Designation: DE110= 10

Standard Test Method for

Determining the Ch-'p?r Impact Resistance of Notched

Specimens of Plastics
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sonensralamh. and peadulums saleaty al impasi
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dyramic coedilone. The hadsc ErATmTiey Hoemally o
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legd, A carbideetipped o7 inderil Samoadipped soicking
cuflon i revpmemended. Raoth camar spoed and Sed rate shall be
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heen found sisfacery.
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Ll gou Leboralerics spres on mardent melds condirma
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B3 mem I m) o ever = wahh e therelere recoms
mended. The raponsdalny far the ERinIEIM
spraamen widil ahall be the =vestigma’ s, with e Telomno
L ke speafication bor thal malerial

TLY T lmpawt mamiance of & planic maicsial will be
diffeveni if the neach is perpencioalar i, ratber thae paralied i,
the direcisn ol maiding

T3 P abost malerials, the spocimens shill be ou [rom the
shoet i bethy thi lanpthense ed earwig direcists i
olberwise mpeciied The widh of the sparimen dall ke the
thagioacid of 1he sbect il the shect iBndiiacis o hetwsen 100 anid
127 mrn (0L 16 el O 500 fr ). Shest material thicker tham 13.7
s 00500 i) sl be michised dows o 127 g (3,500 in.),
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1 s mbcoplahle v e specinmas with o 12 Tams (05004 §
WJAETE CETES SO eribey adipewise o Rarwese a8 o fomm ehe
shirt Whes spacamens are iesel Marwise, the nouwh shall be
misde o the markimed serface of 1he specimen s marhined en
ome face ealy, When the specimen s qui from a ik shert,
eetating shall be madle ol (ke pedises of (ke thichaen of the
stizet freom whick the specimes was mt, for sxample, center,
. &t hoosin meiice

T30 The impsi resimtance of & plasis maienial will be
disfferet if e nosch s pevpendanlar . racher than paradsl i,
the grain of an ansotrepss by ol e 8 absel. Spesinos gul
fromm shesis thal are sepecied of being asniropss shall be
punperndl mmd jebsd Wil Imsgihwism and emwrsion W the
domstion of thy sssotrepy.

74 ﬁmﬂmm clampesg, o7 pikar
wige combening sperimens of subsizndard width o form 2
compasiie et spesmes i nM ecommended snoe et sl
will be reviously affocied by mterine efevts or effecw af
wolvenis amd cements o abeerplics af compocie
ipwsimens. o bk B Charpy teat data on msh T mabarials
arz maquined, bewever and o possibie somwos of cmer arc
ooy s w mmeiahie, Ve bnllewesg leshniger of Eeps-
InE sompeies caehd to e otiloed. The testl spevimens shall be
a onmpoeie of insSvidusl thin specimens iotading § 35 127
o (0 )RS o (U300 in f in welth, Individusl members of the
compogile shall ke abmed sxursiely walh esch olhe and
clangail, belted. @ conmnind wgethnr. {er mus b téim 10
seleet 1 sodvent e adbesive at will ool affec the impect
eneiptange of e mamnad unies et 1 alvents oo sedvrnisoms
tmmg Adbeniver me ceploynd. a wshiliimey preendes thall
he eetahbdked io mrure complre removal & e miven pros
B el The rpEwimens il by meschennd 6 maper
dimentivos and hen neiched In &l pech casee, e wm af
wampruile spnpcneend slull be el 2 the copand Al e oresie

7.5 Each specumec wimll b frew of twisl and shall bo
borgteled by mulsilly papondsular pen of plaoe, parasisld
st and e ffom svilches, pits. and sink macks The

whall b checled foe oosldoemiy wath Letss oogaurs
Eoe by wanal ohacrvason apunsl might edgrs, sqoes o
Net plalee, azed by mcamzing wilk exremeer clprn Ay
ipsgimen ihowing nhesrvable ar Esadursile depatars Bom
o o meee o heee 1 #al be mjeriad o
enachingd = (ke propee sbes and shape badors sputing A
duscmer that hi 8 slaght rwail o it setched fice of (L0E mm
(DVOET & ) ol the point of pomes) with the penclles sriling
eilge will ke Ity n have & chaucienimne faoure serface with
vonmderpbls prester Fracting met Than loe & earmal b, Tn
this gie, the ensrgy 1o Sreak s ines e Sesien scting will
be comalidesibly lsges (30 10 30 %) dean fon o peemal becak

£ Nelchisg Tt Spromans

Morm —ten terting & mwtnrnd fer dbe e b, 0w seceneey e
alicdy dme sl ol ol vpnanang e Saking camejiome, |masng
sl dremiatn, e Jopd, ounsr dpeed] asd Bed e To cnslisk
ihwt B raeaung pammeien s bl 5 @ abvaskls i pegh seerad
apsma it ol et Ml wal igetad el e el siranes sl ol Su
aide off cuck meivded 1 m il Append X1 Ao
mm-ﬂumﬁm&um
Ay (ailiiia diall G e wid 16 Gl demmunatias of Sl
RISy

Cogrprigin iy ASTM ff? bl ighs meservn, The B 11 15290 IST 301
ermvd e proveed
A | bres Sgiesane] b Vel oamselasias g1 leasl

L Basmml il ol

B Netoh Dissemsiene=Tie noleled sgie of the seuch
hall ba &5 = 1" with & enclies of curverone & the apex of 0025
= BB mm (0050 = 0902 in L The plane ksecting the ssich
M?ﬂhwnhm&m_m

601 Thee noich is o oreival Bsevor of this et 0 is exivemaly
irpevient, therefer=, o dimensions of e moch b the
ipecimen are verfind There o evidence dal the comies of
uuﬂummmﬁdmﬁhmmm
by the games euiier will difer. In is sometinies
the wutier denensans -lnﬂlhpl-hm-.m'-dllllh

L3 & mofilmg oparstion seisles ane of M ipoomans
ples the “dampey bers”. The speczmes noich produced by each
cuser will be pxamined after H notslang opEnlsm) oo

less Erequemidy o shrw they 10 e accepiable The
spesimen wed o venfy the sotch shall be the szme matenial
thatl i houmg puepsred] dor desting Enpest msd venily the mich
in the spocimen. H the aagle o adins of the poxd doss ool
I Ehe ppquirnmsenis of § |, the cut shal be replacod 4ne
prosmdure o inspecting and vexifying the seich is prevadsd in
Appenidin X1,
. For SThs combrar of ey nosch madhy using il il cumers
thﬂﬂl“ﬂﬂﬂliﬂ
hmh-u-mm.l ey pimaan

Korn ] Ol s e d i Sndieinad s besig ceiled b & mogerilive Meisdi,
and i domensirsied hal e aowd n e epeginem ks e comtear of
e v ol te e ol B the weish meare the Santeln mapITEEE
whes checked 1 scesrdanes wilk Appzedn X1, tes 3 agecplie G
cl thir pmidadl o Se b of O gulln E@etead ol e aaloh & e
[TUTEEEN

BT Natrk Depol—The dejsih of the plasis mssesal memain-
img i e wpeeimmen weier ihe meick okl be 1016 = 003 =m
(il + 0007 m b T disessios ball ke messured wiith
appemius & asierdano wilh &3 The inpoed bbals will ke
fimied i the noich. The specimen will be appreximesely verzeal
herween de anvils Possion e adge of lhe see=cavily (wuler
udge) sunisce comerrd om b micromeinr's Sai caoular sl

LY Cutier Tpeod andd Fred Rae==Bzlent the ouiler speei
and deed speed bl oo the meterin] being seaied. The guality
of T nvich will ke adverely afevied by thermal defermatinng
ﬂmlﬂuhl"ﬂml—!_um
eondicins are ot selecied.” The smching paramerers weed
thall ol sy fla physsal nsis of e mamrial, mxh @ by
raipzg lhe feopessture of a thermaplastic abewe v glass
[T AT RS T T

L3%1 In geoenl, biph cuber spesds, slow [ped rates. and
lock of coedant induce mare thermal demage San & ilew fgivery
o, fad feed spoesd, s the s of & doodent. Top high, a faed
spesdfeotier Fpeed ratin. howewer, ke besn. shows 1oz
Ipastong s srssiang af ihe sprasmen T paigs of dsiter
spendifead miios pussisie (o podece accepiable seiches bas
heen s tn be extended by the e of @ matshds cnolami

L3 11 For seme thomoplastics, smtable sofches hive beon
prodeced ming owser speeds Sem M4 @ 150 mima and & fred
ity al 1%t |0 memimeo willeut & sabar coalant. Salislactory

¥ Bapperiong duis ke bim dind o ATTH =k
ke whiaied Wi EeRng Kesael Repet RE 0] 0
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et abem Bave Mot produced usisg the e caes spails
af feeed spoedds of feom 38 eo 160 mew'sin wath weer coslant.

£1 ] 7 Embedds) thermnonplen bave b unad (o defer-
mnine the iempersure ras in ibe materis] sear e spex of the
ek durmy mackaning. Themal messes mwineed during the
eenbin g et ke v Beveed sbaervrd Ly Lo st smateeiala
by vieweng the specames at lvw mapmsfication berween coessed
peolars in menecdeninatls gkt The specumens ussd i derei=
mine iemperaiuee mse ssall nm be used in make desrmmeions
of imacT s

B3] The foad roic and e cumer spoed shall nain
consanl teppionl the nnichay npemisom.

A 1 s sewepuabile is sl specimens isivideally or in o
groep In sther case. however, m sneoiched Sackey or denmy
bar ahall e plaosd beliel (b lan specemen in e sample
bolder in prevem disiciion axd chipping Sy the ouiter & il
enits from the [an el ipecimen

83 AH specimens bawey one direscion less than 127 mm
(0PN ) ahall have the meinh owt on the darie sl

malded i shall s otched on e mde
parali=l 1o e diessuion of applcation of moléng messwe The
pmpsst remsasr of @ plaatis msonsl will b difsan O Ge
ootk iy perpeacinlar v miber than parallsl w the Srecuom of
minllang, & willi o aireas (he gin of o eslipiopic ba sul
Trom & plisie.

9. Conditiening

81 Chesk the matenals spesificacien for the msterial e (s
heing tretel If Dwre am ne cemilidicang swquisomanle dateil
comtioned gl 1 & 30T = LA and 30 & 00 % relaive
bamiEty Sor nol less tem 40 & aler nolching exd pogr 1o
tratay in swerdese wilh Prosedurs A of Prastion 19 8 welas
igumanicsl (hofwpen supplics aod custamer) Gl elricr
rondRinning e i selciond fur 8 ovea satomal 10 smach
WI“‘THW“

81 For bypreseps malonas. such ar sylens. Ge matanal
ipedefipaluami (B crample, Clsilcansn System Do) dall
fnor msting drysapemedded sprezmens Such regemements ke
promdnnis ovir he v Hﬂl!ﬂmﬂ“‘ﬂ
rolaieg hemidity Thee spcamchs thall b caled in walcr
wﬂm.-muWMnﬁ-
MbE Wese pooiBeni, minlBsie the cxpiedne Gme dering
poadhing axl mimm b et W d Gy omiainer aller
seaching @ allew for iell cecling of the mecinees sy &
Toilang.

83 Tear Candifimni—Conist gt 0 B ki) Lo
vory atmospiers of 13 & 2% (73 = 36°F and 50 1 9%
eeletve besmidity, witless ptherwiss sporifed, b pass af
diangrecment, e tolcrasecs shall be = ]°Coasd =3 % rclagve
bty
1 Procedare

WL Spcimien Prepanation

TBD. 1 Peequire fhe ledl fpoimchi i aieondanes with the

peocadures i Sewtien T Al leam dive and prefesshly iea ar
enfee sndividoll deormenutions of imguot maisteace shall be

Cogryrgha 'ty ASTM taf il roghvs mesevasd; Tha D 11 13290 F5T 3001 4
ermvd e proveed
A | bres Sgiesane] b Vel oamselasias g1 leasl

L Basmml il ol

s b deisrisne the weeanpe impar mainmen for 4 prrsius
lar sample The specimesy shall bz of nomisal wiss ssiy

10 1.2 Netch the rprcimens @ acerdanee with e preves
duie in Seciian &

101.3 Conditeen the specomens i accordance with the
rul-u:llwﬂl.-hl l-l‘h--uﬂlhlu!—'l_l.tl‘
thuars are me requinzmeres detailerd in the maieyizls
|pﬂd¢ﬁ.ﬁdhllﬂiumﬂnlu|rq-ﬂlnhhn

183 Mahine Preparation

102 Esmirate ibe beslony cnesgy for the sample and
felen o padulem of miakle energy. Select e lighien
itanaiare] pradalms (bai @ expeeied @ hresl of] specimens. in
the greup with ez eserpy loss of oot ooore than 85 % of s
u.lplﬂ,ﬂ-n--;l IT ther hreabong mevgy ceanol b matimsiei,
selet the cormect pendaium by pedfermasg mal rons. Use
cautian i gvoid damaging e peadulum by elocaeg a
pendulum that i oo light Jor & particular smple

Horw | by, in vt ol el e doniaed @ povaim indl

'nl-m I & PGS R BPWRERL S VR dETeand = e
. o St have s ingaat

1032 After wmatillag the snlesind peadulsm on ihe
maching, devk ke mekine fov coafermity wilh e roguins
maonis af Soitinn & befom Aarting e it

1023 'When snng & machise eqgupped wiih & pedmier and
ilial mchanism v an clecwenic dicaes the decs ool
woiemalsally comeel for windage and (romen desermine the
windage and fricson correciiom facires for de mackine befinre
tosing spevicrens. Wisslage el bartica oumsitien [srioo
shall be dstermsed oo @ daily basis end shall be calowlaled
sl lime weights v slded o the pesdules or i penislam
s changed Refer oo Amsen Al for infermsses on comstrning
windage s fricion cometeon charis of refey 10 Asnex Al for
n prasedurs v calilaie the wisdage sl Bwioon meemosien. [
ExoerAve iHction iy imdcoied (per X217 and X1 1%) the
s hing shasll he sljusied holoee insog speumnm Polles e
caching manufstarer's manstions @ cemeel for eosnive
windage smd Frstion,

Heomw L 3—Thr araml pomracizos ladors oy wredags and feesar will e
itnalier Uss s lbotn i i sulisl ool esais G seenps shasibed by
the i prévos e pmdudun Ges meking o Bl wing. The
iralismnd byaiirg cargy of e gpecenon. derefan, mow W moluid 0
the wolgrdopiee o fin sidgdes i

1024 Same machines equipped with = ddectmue dgilal
lispday vw enmpstsy ssmmalicelly comsprnses for windape and
Eritagn.

183 Spevinien Tesimg

183, 1 Chesk all of e specumess in the sampls groeg for
eomfonily with Se regeremenss of Secisoms 7 and § and 1001

1033 Meagure and meotod e wilh of each ipecimen afies
ngleing w0 tut ecdred O mim D001 in), Medee he
widih = see locstion adacent b |be sowrk cemteed abow ihe
arscipaicd Eacosse plase
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183 Y Mearare sl recond tbe depth of matecal remicnicg
&n i speximan under the inbch of sich spocimes 10 the noaed
GRS men (0001 i) The lapered blide will b Bned (o e
ok The specimees will be spproximaiely venical heiwess
the el Position Be sdge of fe non-cavey (wider edps)
smrimor ao thal il @ centered on e miceomeies Gol cireule
anvil. 3ee Fig. 5

134 Posdtion & e spocimes bersonially ss the suppans
anid spanil e mvis w0 that o sl be impacesd an the face
cqrpatie the nolch (sew Fig 3], Camier the ook betwoen S
anvils & cericning g is usciul for dis parpoes

1033 Raire sad moirn the poeckilum in te mbai meche
pasm sl meent e ssbicating musbanism.

1638 Release de pendulsm, sllowing the arking cdge of

the pedulum 1o i=padt the secimen. Now ke mdicaied

mergy.

VeAT Caleulss tha net biesksad snargy (s 11 1), U e
ol fovaking eosogy @ geedlor Usa 83 % of e pesdtalum’s
comuinal energy, e wrong pendelom was wsed Discard e
resmlt Select and mwall o pentulem with o prester available
energy or skl addbseel weight e the pendules, detesmiing the
windepe and [rictien sormection (o, sl ropest e 1oe 00 &
oW

ML S o fhe proper pendolus e med, 1o e pemidning
spocimeny 4 descmibed im 10.3.1=003.6. Eorcls from spece
mreens thar o nevt tresk shall be dascanded. A sprosmen thal dees
s, il e inpleinly inie faw o s ueend in ol ool desssd
te b henkes

1@3% Aflter all of the specimens for the rample have been
tesimd, enlcnlate the mupact resamanoe. in joules per metre, o
ench mdividunl specimen (see 1110

1081 Caledlss the aveags mpar watanss for e
group of speramess (e 11 3) Vishers obinined frees sperimens
that S noi kocal opmpleiely sball so be Exinded in e

aveTage

16311 Crlewlate Be siandasd devistion b e group of
specimeny (voe |14)
11, Cadrulatine

110 M Breading Energy—Sebtrac the wisdage and foo-
tiin lows gnery [ the sndiceed besaking oeerpy,

112 fmpucy Besimane o] tvide the pei esioeg snergy by
the mesaunsd width ol sach indivilaal specimes

115 Caleulaic e avemge impast esstanes for @ group of
specimans by adding the |ndvidsal impact meatance valee
oo es group snd dividing e vem by he ot nunshes of
specimeey in the prowp.

114 Calculabe de stamdard deviion a0 fnllews i repe
il i Tww i gnilices Sgurea:

ss VI(Er —aiva=-1 ET)

Clppegha by ASTM bei [0 gt bomrvsll, Thi Dl 13 19 G200 DR 20EE

Dhrwiiandel piiidad by
Sy P —

12. Reperi

12,1 Eeguat e [alesing onloemsaton:

1211 Compleie idesnfigation of the material iemed, inglude
img rype sesrce, mamslavurer's onde oumber sd previoo
himoiry.

1212 A sislpmea of bow the spocemens worn poopared, e
lesling avmlilivng ueesld. the mamber of bour e specimen
were rmchtione] sler eetehing, sl (or ahest essisrals, e
discroien of reating wak peapeci 10 EmuoTogy, if a=y.

1313 The cipaesty of the pondsiem, §

12,14 Tse span

1219 The widih ssd degtlh umder the sotoh of sah dpeoi=
e iered

1218 The ol mumber of specweny iened per samnple of
maerial [Shat i@ five, =5 e More)

1217 Tae aveagr impuc residmce. Mo laguct rosiss
tane 6 w50 e eogoeisd for et Wean oinplets biedka,
Reporisg riulti in ibs® o oqiional (e Appeeciia 4).

12,18 The standard deviatiom of @e values of e impan
tegidlanie of the specsiocns (6 10211

TABLE 1 Frmislan fer Chirpy Tes

L s tabintei

Pl L LT dluk El¥ BSd T
Pabylrnad

L B ol k] atar L il Ll r
Palpiatansin  Ba% Y=t REE B33 a8 1
Pubpiiriies o et X iad Bl Wi L ]
L1 it i A TE B Ta'E L]
“f, = i i i

Fordrt
¥y pollng S m b pal ke i Summtee o bys Lep el e ol ol B
it it e e

B, = | DR [ R Y

“hp w b bt e b cmiseiad b dlasdeed desaben
Lo LA S

b = Eapalaid S of [ ilary s,
“r ey crlaa] sl b eh b e dubE = T80 8 5.
PR b lernieren ool nisve] ket sl angin . B s 5,

13, Precision asd Diss

13,1 Tihde | is based on & round sobin” conducted in 1967
in scoeedance wilh Pewtce BS%1, mvalving five mabcrish
igsied by sme laberanenes. For each meierial, all smples wise
preparsd & one sowve, bal ihe sdovidual sperusens were
methicd and conilitionsd s (he liboratorics which tesd them.
Bach laborstary bzsind @0 oerage of mme specmens for pach
matenial  (Warning==The explasstions of ¢ and K
(13 2=1% 2 %) e (stenaded dnly 1o punanni o ioenmingfil way of
caniidensy the ippevmmee precisees =f s s ssibod The
dath jrcsented |8 Tabls | e nol ta be applicd 16 aeplanis o
rejelinm of maleriale, 2 there: data spply only 1o e malerials
tesied im e round rokin asd are sslikely do b goncasly

1 Buppermng dua b beas tid o ASTH 1 H
be whisimd B iegieiing Reemach Repun KE D0l | M4

E wnd ey

Bl brus Speapenl R Tafr ommes] g iens gdles ol
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mepresemtative of olher kots, [ormmlations. sondesons, mterials,
or |abmatomier. Ueens of this et methed are advised o apply
e promsiphes oullimed i Poticn B&0) o genoais data

specific %0 ther matrrads and or herween
lahormovies, The princagles of 15 201 2 % winild then le valid
[for push dala.)

13.2 Cancrpr af » snd & {m Tible 1 —I1 5, and 5, have heen
ealvalsed from o lege eeeagh bealy ol daia, assd for |60 revalis
mhar wess averiges fpm resting nine specimens for cach tes
refull, then

L3230 Repoasael s i e iniervel spresessing s crile
cal diSercncs hermess twn 1em cepel for the same massial.
bims Axy B s same Lhorsery Twe wats seaults aal] ke
sudlped nol egeralen if ey Hifer by moe thas s r vales i
ihat Esarial.

1322 Reprednoibshir—E s the minrval repressstmg 1he
pirtical  diflesrence between dwn ied il Tl i same

maaievisl, phismed by &iferes speramen useng diflarss aquips:
il m dilleresd laberatongs. nid necsesanly en the eamc slex
Twe weat peacls ahall ke redpnd nol eguivalest if (hey &iar by
eeee than te & vl for e materal

1513 Any pedpemest in scoordasce widh 13.2.1 er 1322
would kive = appeeumate 93 % (091} prebabilny of being
CoTTET

159 Theee are be repopmecd] simsdands by which o pali=
e Sl ol ted e methad

I, Eeywsrids
141 Chaspy umpacy, |t rensunce; sech sessitivicy
noteked pecimes

15T anidal vy badvrmufion)

Al PETHUCTHINE FOR THE COMETRUCTION 0F & WINDMGE AND FEPCTI0N CORERCTION CHART

ALL The comsimction aod wee of the dhart bevem desoribed
i based upon the assemplion Bal ihe fGidies and wislage
lnased mw propevicssl w the sgle desagh which thess loss
worgrees are applied ip the pesdmlume Fig. AL D shews the

nwﬂnﬂm;mw“m’ﬁ: AlL o mase-
Taptursss wupply shilage and Fraclenn ootreyiion chans far theis

ALT Srait e confracton of Fhe cormgtion chad (Fig
ALT)} by laying of w0 some senvenicst Encar scale om the
ahacisss of a graph e angle of peadclum poslion fer te
porison af e swing ru.u.dﬁlhulnprgpl—.h

mﬁnh bmging mferene: point om the
vight omad of e sbeslian wisk (he anguler desplssmeni
mcreesng linemly in the lef The abscissa i mefered i as

w

.-_i_‘-_l_\

[
l

»

T T
Y R [T -,L-
[ B L= THT =TT T
i
LinEa® §#
Rk ML £
G, AL7 Beihew af Corairssiion of & Wrdsge st Frictien Com
reElims S
o Ty RETHE o T e 19 B2 200 ENT O
Strwsmnded rrwied by

!l bl g aam il ivg ey

o
=

(T

CORBECTEON- LINEAN SCALE "D

-

4— LINEAR &
WONL INEAR ENEAQY =@

Fiid. A1 Sarelt Windagh ind Fricten Cairbetien TR

o

READING wiTw FOMTER-Lonkam Scaie "

o

-
SEAGING WiTHOUT POMTER - LINEAR SCALE “0°

Scule C. Adugh segpalar displacessnl (y e guanticy 1o by
repeesenied Imearly om the skarissa, this displecemes &5 mome
ey enpeosssl in teema of indiniied emengy ead from
L mrsgkine diall This wislds ¢ sonliness Svale © witk Elpaied
pendalasn cRErRy ECTSlanE W the opks.

ALY On B plght band eeiness by off & bnea Sedle B
tlartimg wills 2000 at e othem and seppiag # the maxioem
tcpestad pradulum fniction ssd eundage valme al the fep.

Ald Onthe befi enSmate consiroct 1 linsar Scale [ nopmg
fromn sese @ the botem oo 12 timees the mesbssm oodisate

s Farilps sl a-diias piienoasl
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walyus appesdag on Foale B, ol seike U seale fwice fhe icals
il o 1he contiuetien of deuke B

AlLS Adoining Scile I draw o curve O whih is the fecur
of pemts wisoe sourdinees beve oged valed ol soongy
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En constancia suscribimos el presente documento en la ciudad de Bogota D.C.,

NOMBRE GOMP ETO L\m Ac (yiang Jinmene2 NOMBRE COMPLETO:

FIRMA: _ DA T T FIRMA:
DOCUMENTO DE IDENTIDAD: _S233 402 DOCUMENTO DE IDENTIDAD:
FACULTAD: ___Ivgenievic FACULTAD:

PROGRAMA ACADEMICO: 9. de Prodo car 1) PROGRAMA ACADEMICO:

NOMBRE COMPLETO: NOMBRE COMPLETO:
FIRMA: FIRMA:

DOCUMENTO DE IDENTIDAD: DOCUMENTO DE IDENTIDAD:
FACULTAD:; FACULTAD: i
PROGRAMA ACADEMICO: PROGRAMA ACADEMICO:

Fecha de fima: 24[65 !..:ZC-.l 3
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