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F..M.E. - U.AN.L. DPTO. DE MECANICA DE LOS MATERIALES

1.- Clasificacion de los Materiales

1.- Ferrosos:

Aceros: Ordinarios
Aleados

Fundiciones: Grises: Nodular
Ferritico
Perlitico
Blancas: H. Martensiticos
Especiales Aleaciones

2.- No-Ferrosos: Cobre y sus Aleaciones
Aluminio y sus Aleaciones
Niquel, Cromo, Estaflo, etc.

3.- Organicos: Madera
Polimeros
Elastomeros

4.- Inorgénicos: Fibras Compuestas
Cerémicos
Vidrios
Minerales

NOVIEMBRE DE 1998 2
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F.LM.E. - U.ANL.L. DPTO. DE MECANICA DE LOS MATERIALES

2.- Estructura de los Materiales

METALES

PARA METALES: su estructura esta compuesta por agrupamiento de atomos.
Estados de la Materia en la Obtencién de un Metal
*  {(3aseosos

* Liquidos

*  Solidos
Tipos de Enlaces
* Ibnico

* Metalico

* (Covalente

*

Vander-Walls
Puente de Hidrogeno

*

Red o estructura cristalina: agrupacién de itomos en forma ordenada denominadas
celdillas espaciales.

Caracteristicas de la red:
*  Sus longitudes
* Sus angulos

Y
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LOS SIETE SISTEMAS CRISTALINOS

1.-Monoclinico
a) Simple
b) De extremos centrados

2.- Triclinico
a) Simple

3.- Hexagonal
a) Con extremos centrados

4.- Romboédrico
a) Simple

5.- Ortorrémbico
a) Simple
b) Cuerpo centrado
¢) Extremos centrados
d) Caras centradas

6.- Tetragonal
a) Simple
b) Cuerpo centrado

7.- Cubico
a) Simple
b) Cuerpos centrados
¢) Caras centradas

NOVIEMBRE DE 1955 4



F.LM.E, - UAN.L. DPTO. DE MECANICA DE LOS MATERIALES

Los sistemas de cristalizacién mas comiines son;

Cubico*
Hexagonal*
Tetragonal
Ortorrémbico
Romboédrico

L8yl

Defectos o imperfecciones del cristal:
= Vacancias

= Intersticios
= Dislocaciones (Borde y Helicoidales)

Polimorfismo o Alotropia: es cuando el material se presenta en varias formas

* En metales
NOVIEMBRE DE 1995 5



F.LMLE. - L.ANL.

DPTO. DE MECANICA DE LOS MATERIALES

REDES ESPACIALES O TIPOS DE ESTRUCTURAS CRISTALINAS
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Los siete sistemas de estructura cristalina y las 14 redes de Bravals.
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F.LMLE, - UA.N.L. DPTO. DE MECANICA DE LOS MATERIALES

ESTRUCTURA DE LOS POLIMEROS

Son macromoléculas organicas que a través de un enlace quimico forman el
monémero ( o unidad monomeérica), €l cual se repetirdA millones de veces en cadenas
lineales o cruzadas para finalmente constituir un polimero.

Ejemplo:
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F.LM.E. - UAN.L. DPTO. DE MECANICA DE LOS MATERIALES

-

POLIMEROS
CARACTERISTICAS GENERALES DE LOS POLIMEROS:

Ligeros

Resistentes a la Corrosion
Aislantes Eléctricos

Baja Resistencia a la Tension

No usados en Temperaturas Altas
Muy usual

# ¥ # £ * *

CLASIFICACION DE LOS POLIMEROS:

Segtin su Mecani e Polimerizacion:

Polimeros por adicién: son cadenas formadas por el enlace covalente de las moléculas.

Polimeros por condensacion: se producen cuando se unen dos 0 mas tipos de moléculas
mediante una reaccidn quimica que libera agua.

Seglin su Estructura:

Polimeros lineales: son cadenas largas de moléculas, que son formadas por una reaccion
de adicién o condensacidn.

Polimeros de red: son estructuras reticulares tridimensional producidos mediante un
proceso de enlaces cruzados que implica una reaccién de adicién
condensacion.

Polimeros termoplasticos: son polimeros de estructura lineal, que se comportan de manera

plastica a elevadas temperaturas y pueden ser conformados a temperaturas
elevadas, enfriados y luego recalentados y conformados.

NOVIEMBRE DE 1995 8



F.LLMLE. - U.A.NLL, DPTQ. DE MECANICA DE LOS MATERIALES

Polimeros termoestables o termofijos: son de red o estructura tridimensional reticulado
por lo que se consideran rigidos y no se ablandan cuando se calientan se
forman por reaccién de condensacién no se pueden reprocesar debido a
que parte de las moléculas salen del material.

Sexi Grade de Polimerizacidn:

Homopolimeros (un sélo material)
Copolimeros (dos 0 mas tipos)
Oligopolimeros (pocos monomeros)
Polimeros

* % ¥ ¥

Naturales (lino, seda,asbesto, celhlosa)

Artificiales o sintéticos (rayon, nitrato de celulosa)
Segun su origen

Vegetales (algodon, celulosa, etc.)

Animales (pelos)

Minerales (asbestos, fibra de vidrio)

* ¥ ® ¥ ¥ *
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* F.ULALE. - ULAWN.L. DPTO. DE MECANICA DE LOS MATERIALES

POLIMEROS INORGANICOS:

Son macromoléculas que se constituyen de cadenas que no contienen dtomos de carbono.

Clasificacién:

Naturales:  Asbestos
Fibras de carbono o de grafito obtenidas por extrusién.

Artificiales: Fibra de vidrio
; ' Silicones

ELASTOMEROS

Elastémero-(caucho o hules): es una cadena polimérica que se encuentra enrrollada
debido al arreglo cis de los enlaces, por lo que al aplicarse una fuerza se alarga al
desenrrollarse las cadenas lineales, deslizandose unas sobre otras y provocando una
combinacién de deformacidn plastica y elastica. Tienen un comportamiento intermedio y la
capacidad de deformarse elasticamente en alto grado sin cambiar de forma.

H H H
| | |
B —# @ H—B— E H— C —H
| f |
— 0 — i o Si 0 Si
| |
H—C—H H—C —H H—Cl——H
| | |
H H H
SILICON
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3.- Propiedades y Caracteristicas Mecanicas en los Materiales

i

OBJETIVO DE LA PRACTICA: es el de conocer la manera de obtener las caracteristicas
y propiedades mecanicas basicas.

TEORIA: basandonos en un ensaye estitico de tensién y su grafica de comportamiento
esfuerzo vs deformacion unitaria, obtendremos la siguientes caracteristicas y propiedades
mecanicas basicas en los materiales.

Resistencia Mecanica

Ductilidad

Rigidez

Resilencia

Tenacidad

Estandares de Probetas

Velocidad del Ensayo

Textura de Grano y Tipos de Fallas

£ % ¥ K X ¥ ¥ ¥

Resilencia Mecinica: es la-oposicién que ofrece el material a traves de su fuerza interna
(molecular) a la fuerza o carga aplicada.

Esta se mide a traves de:

1.- Limite Proporcional (o, p): es el mayor esfuerzo que un material es capaz de
desarrollar sin perder la proporcionalidad entre esfuerzo y deformacién, es decir, que
representara el ultimo punto en la pendiente de la grifica, cumpliendo con la ley de hooke.

2.- Limite Eldstico (o_p): es el mayor esfuerzo que un material es capaz de desarrollar sin

que ocurra la deformacion permanente al retirar el esfuerzo, la determinacién de este limite
eldstico no es practico y rara vez se realiza.

NOVIEMBRE DE 1995 11
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3.- Resistencia a la Cedencia (oyp): es el esfuerzo al cual ocurre un aumento de
deformacion para cero incremento de esfuerzo.

En este punto cede el material a los defectos de cristal (vacancias. interesticios y
dislocaciones) por lo que provoca el desplazamiento molecular (deformacion) sin oponerse
a la fueza aplicada por lo que los incrementos de carga en la maquina de pruebas para
algunos materiales. )

4.- Resistencia Mixima (o,,): es el esfuerzo maximo que puede desarrollar el material
debido a la carga aplicada, durante un ensaye hasta la roptura. (Se observa en la probeta ¢l
inicio de la reduccién de area en materiales ductiles).

5.- Esfuerzo de Roptura (ogyp): es el esfuerzo nominal al ocurrir falla y se obticne
dividiendo la carga decreciente registrada en la cardtula o pantalla de la maquina y el area
inicial de la probeta.

6.- Esfuerzo de Roptura Real o Verdadero (ogyp): es ¢l esfuerzo nominal al ocurrir la
falla y se obtiene dividiendo la carga entre el drea real que disminuye conforme se aplica
ésta,

Este esfuerzo es improbable sobre la seccidn critica o de falla, ya que el laminado del metal
causa el desarrollo de una compleja distribucion de esfuerzos.

L]

NOVIEMBRE DE 1995 12



F.IM.E.- L.AN.L, DPTO. DE MECANICA DE LOS MATERIALES

OBTENCION DEL PUNTO DE CEDENCIA:

Se define como el esfuerzo al cual ocurre una gran deformacion sin incremento de
carga o esfuerzo. '

En algunos materiales este punto de cedencia no se presenta como en otros, que a
traves de la oscilacion de la aguja en la cardtula de la lectura de carga o del canal en el
display de carga, se puede detectar dicho punto en maquina universal.

El método para determinar el punto de cedencia se le conoce como método "offset"
o "desplazamiento”.

El método consiste en trazar una linea o recta paralela a la pendiente de la grafica a
partir de un valor de deformacién unitaria de 0.001, 0.002, 0.003 in/in. Que representara
0.1%, 0.2%, 0.3% de deformaci6n unitaria. El valor mas usual es el 0.2% ver figura 3.2.

] - YT pEnDIEnTE
DE LA G==FICA

LINEA
PARALELA

A LA PEINCICIRTE
DE LA GRAFICA

Figura 3.2
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FLAMECILANT, DPTO. DE MECANICA DE LOS MATERIALES

ZONAS EN LA GRAFICA:

t.- Zona Elistica: se considera desde el origen hasta el punto limite proporcional. Se
ciiplea en ¢l disciio de elementos de maquinas y estructuras,

2.- Zona Plastica: se considera desde el punto de cedencia hasta €l punto de esfuerzo
Maximo.

Se¢ emplea para darle forma al material por ejemplo los procesos de mecanizado (torneado,
troqquelado, doblado, extruido, etc.), laminados (en caliente y en frio). Esta zona se d1v1de.
cn zoni de cedencia y zona de endurecimiento por deformacion.

3.- Zoua liperplastica: se considera en algunos materiales desdes el punto de de esfuerzo
maximo hasta el punto de roptura aparente.

Se emplea en el disefio de elementos de maquinas, productos y estructuras que deben
absorber grandes cantidades de energia mednica (energia cinética o potencial).

ESFUERZO

] MAXINO

LINMITE
PROIFORCIONAL ESFUERZO DL
e ° RUITULA
APARENTEL

e TONA— e '/Q:\A
-—._—l‘LASTl(..-\_..--_-__ “HE Ll\l’LAbTIL;\

FONA e e mep—et e

Cd

LABTICN - - o s e ‘ ——

Figura 3.3
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DUCTILIDAD

Es la propiedad que tienen los materiales de deformarse en grande.

FRAGILIDAD

Es la propiedad que tienen los materiales de no presentar deformacion macroscépica.

* Para el Ensayo de Tensidn a traves de:

-% de Elongacién: se obtiene midiendo la longitud inicial (Lo) y la final (Lf) de la probeta
y luego sustituyendo en la ecuacién:

% Elong.=(Lf-Lo)/Lo x 100

-% de Reduccion de Area: se obtiene midiendo el didmetro inicial y final de la probeta,
calculando el area respectiva y sustituyendo en la ecuacion:

% de Reduccién de Area = (Ao - Af) / Ao x 100

* Para el Ensayo de Compresion a traves de:

-% de Aumento de Area: se obtiene midiendo los didmetros inicial y final, calculando el
area respectiva y sustituyendo en la ecuacion:

% de Aumento de Area = (Af- Ao)/ Ao x 100

- % de Reduccién de Longitud: se¢ obtiene midiendo la longitud inicial y final de la
probeta y sustituyendo en la ecuacion:

% de Reducciéon de Longitud = (Lo - Lf) /Lo x 100

Se recomienda que los materiales que tengan un % de elongacion, % de reducciéon de
area, % de aumento de drea, % de reduccion de longitud, mayor de 5 %, para que se
consideren ductiles.

NOVIEMBRE DE 1995 15



P ORE: SMARIN. b DPTO. DE MECANICA DE LOS MATERIALES

5 kL
O O

Figura 3.4
RIGIDEZ:
Es el esfuerzo requerido para producir una deformacion dada.

Se mide a traves de la obtencion del modulo de elasticidad para carga axial (E) y
representa la tangente de la pendiente en la grafica esfuerzo vs deformacién, este modulo
se puede obtener considerando dos puntos sobre la pendiente y realizando un tridngulo
como se muestra en la figura 3.5

E=Tg0=Ac/Ace=(0;-0,)/(g;,-%;)

Q

Figura 3.5
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‘ | .; - Ouo lastlco 7
[ X106 (kg / cm?)

Prades |
[Conerets |

| Plastico

Valores promedio de modulo de elasticidad de algunos materiales
Tabla 1.1

RESILENCIA ELASTICA:

Es la propiedad que tienen los materiales de absorber energia hasta su limite proporcional o
elastico (energia elastica).

Otras definiciones son: una medida de la resistencia a la energia elastica.
La resilencia elastica unitaria (R.E.U.) o médulo de resilencia: es la energia almacenada
por unidad de volumen en limite eldstico o proporcional; y representa el 4rea (Al) bajo la
pendiente de la grafica o vs e mostrada en la figura 3.6.

REU = Al =0p*/2¢g,, (kg - cm /cm?)

Volumen Inicial (Vo) = Ao x Lo (cm?®)

Resilencia Elastica Total (RET) = REU x Vo.
RET= o*/2¢;p x Vo (kg - cm)

L.P.: Limite proporcional.

NOVIEMBRE DFE. 1995 17
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O
: | REU. =A1=1 ErX O p = Kg- cm
'n ] 2 cnd
Gw
!
i .
'/
/ A
f ;!
E p L3
Figura 3.6
TENACIDAD:

Es la propiedad que tienen los materiales de absorber energia hasta el punto de roptura
(energia plastica).

Representa el area total bajo la grifica esfuerzo-deformacion, esta se puede medir a
traves de seccionar el area en dreas regulares y sumarlas, o con el planimetro, que es un
instrumento para determinar el 4rea de una gréafica. Al seguir el contorno de la misma.

El valor asi obtenido seri la tenacidad unitaria.

Tenacidad Unitaria (TU) = Area total
TU = (Opax = Oyp) Enay/ 2 (kg - cm / cm®)
Volumen Inicial (Vo) = Ao x Lo (cm?)
Tenacidad Total (TT)=TU x Vo (kg- cm)

YP (Yield Point): Punto de cedencia.

NOVIEMBRE DE 1995 18
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T.U.=_§ayp max] emax
2

< max

AREA TOTAL= TENACIDAD UNITARIA
J yp

fmax &
TENACIDAD UNITARIA

Figura 3.6a

ESTANDAR DE PROBETAS PARA TENSION:

Las probetas para ensatos de tensién se realizan de diferentes formas la seccion
transversal del especimen puede ser redonda, rectangular o irregular segin sea ¢l caso.

Las formas dimensionales de la probeta depende de las asignaciones que estipule las
normas referidas por las agencias de ensaye e inspeccidn en los materiales y productos.

La porcidn del tramo recto es de seccién menor que los extremos para provocar que
la falla ocurra en una seccion donde los esfuerzos no resulten afectados por los aditamentos
de sujecion (ver figura 3.7).

El tramo de calibracion es el marcado segin estandar, sobre el cual se miden las
lecturas de longitud final y diametro final los extremos de las probetas redondas, y
rectangulares, pueden ser simples, cabeceados o roscados, los extremos simples deben ser

largos para adaptarse alguin tipo de mordaza cuneiforme o plana (ver figura 3.8).
NOVIEMBRE DE 1995 19
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Una probeta debe ser simétrica con respecto a un eje longitudinal a lo largo de su
longitud para evitar la flexién durante la aplicacion de la carga (ver figura 3.8), la longitud
de la seccion reducida depende de la clase de material y de las mediciones que se tomen.

En las siguientes frguras 3.9 y 3.10 se muestran los diferentes estidndares para los

ensayos estaticos de tension.
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F.IME. - LLAN.L. DPTO. DE MECANICA DE LOS MATERIALES

Otros estandares para polimeros o plasticos se encuentran en la asignacion de la
ASTM D 412, hasta D 530, hasta D 638; para concreto ASTM C 190; para materiales
eléctricos ASTM D 651, ete.

VELOCIDAD EN ENSAYOS DE TENSION

La velocidad de los ensayos a tensidn seran aquellas que permitan las lecturas de
carga y deformacién o las que recomienden los estandares de la ASTM, ASME o alguna
otra asociacion. Para el tipo de material a ensayar, un ejemplo de velocidades del cabezal
movil serian desde 0.01 a 0.05 plg/min y una méaxima velocidad de carga seria 100
kips/plg®-min, se sugiere detectar la cedencia en metales segiin ASTM 8.

TEXTURA DE GRANO Y TIPOS DE FRACTURA:

Las fracturas se pueden clasificar en cuanto a forma, textura y color de tipos de
fracturas mas comunes son cono-crater, parcialmente cono y crater, planas e irregulares y
las que puedan definirse al momento de la fractura del especimen los tipos de texturas son
sedosa, grano fino, grano grueso, granular fibrosa, estillable, cristalina, vidriosa y mate y
las que puedan determinarse al inspeccionar la seccién transversal de la pieza (ver figura
1%

{¢) (d)

Parciad- “Freiluea

LALE de fibrond v 7 tedzio
cona, i bl ) [oretcta wling)
tar y bodanm

Fracturas tiplcas por tensién de los metales

Figura 3.11
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4.- Miquinas para Pruebas Mecanicas,
Accesorios e Instrumentos
de Medicion

S i

MAQUINAS DE PRUEBAS MECANICAS

Las maquinas empleadas para las diferentes pruebas o ensayes en los materiales, en
los diversos productos y pruebas experimentales.

Maquina Universal de Pruebas

Madquina de Dureza Rockwell

Maiéquina de Dureza Brinell

Magquina de Ductilidad en la Mina Metalica
Magquina de Torsién

Maquina de Fatiga

* XK * * K ¥

Cada una de estas maquinas tiene sus correspondientes accesorios o aditamentos
para la realizacién de los ensayes en los materiales, los cuales son recomendados por las
agencias que normalizan los ensayes e inspeccién de los materiales.

Cuando se requiere probar algin producto, por lo coun se tiene que hacer o disefiar
el aditamento correspondiente. O en su caso lo que sugiera la norma del ensaye.

Enseguida se muestra los catdlogos de las maquinas, accesorios y aditamentos.

SE ANEXAN CATALOGOS RECIENTES DE LAS DIFERENTES.

EMPRESAS DISTRIBUIDORAS DE EQUIPO DE PRUEBAS MECANICAS

NOTA:

Estas maquinas deben de estar en buen estado, calibradas y certificadas para su uso, esto
dependera de las recomendaciones que haga el fabricante de las mismas.

NOVIEMBRE DE 1995 3



DPTO. DE MECANICA DE LOS MATERIALES

INSTRUMENTOS DE MEDICION

Los instrumentos de medicidn que se requieren para obtener los datos iniciales y
finales sobre el especimen o muestra son:

* Calibrador para lecturas de dimensiones lineales de tipo:
1. Vernier
2. De Caratula
3. Digitales

* Cinta métrica o flexometro
* Calibrador de tipo micrometros para la lectura de espesores interiores y exteriores.

* Extensometro para la medicién de desplazamientos lineales de:
1. Caratula
2. Digitales

* Indicador de deformacion (Puente de Wheatstone) Considerando los Straingages o
medidores de deformacidn eléctricos que se pegan o instrumentan en la pieza a probar
para determinar la deformacidn punto por punto y en cualquier direccién que se desee o
se requiera.

* Medidor de deformacion eléctrico para colocarlo directamente sobre el material y
detectar a treves del graficador o en pantalla del monitor de la microcomputadora, si se
tiene una maquina programable (automatizada por medio del software) el punto de
cedencia del material a probar.

* Planimetro: para la obtencidn de las areas de la gréfica de esfuerzo contra deformacion
para determinar la resilencia, tenacidad unitarios y pueden ser del tipo:
1. Mecanico
2. De Caratula
3. Digital

NOTA:_

Todos estos instrumentos de medicion deben estar en buen estado, calibrados y
certificados para su uso al igual que si tienen caducidad verificar su reposicién ya que
influyen en los resultados de las caracteristicas dimensionales de la pieza o especimen, al
igual que en las propiedades y caracteristicas mecanicas del material o producto.

NOVIEMBRE DE 1995 24
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DPTO. DE MECANICA DE LOS MATERIALES. LAB. DE MECANICA DE MATERIALES |

PRACTICA No.1

MAQUINA UNIVERSAL DE PRUEBAS MECANICAS

OBJETIVO DE LA PRACTICA : Que el alumno conozca la descripcidn y el funcionamiento de la
maquina universal de pruebas.

TEORIA :Las maquinas. universales se emplean para realizar las diferentes pruebas mecanicas como
son : las de tension, compresion, corte, flexion, dureza. etc.

Las pruebas mecanicas se pueden clasificar segiin su aplicacion de la siguiente manera:
en materiales

s  en preductos
e  experimentales

La finalidad de efectuar las pruebas o ensayos es la de determinar Jas caracteristicas ¥
propiedades mecanicas en los mateniales, en producios y prototipos de algin elemento que

se pretenda discfiar. Enseguida se describira las partes principales de la maquina universal de
prucbas :

1.- UNIDAD DE CARGA : Llamada también marco de carga es en 1a cual sc¢ coloca la
pieza a ensayar y a través de ella se aplica la carga a la misma.

2.- UNIDAD DE POTENCIA : Esta unidad tiene como funcién el mandar aceite hacia el

pistén de carga para que este se mueva, tiene adernis sus valvulas de seguridad y control de
flujo.

3.- UNIDAD DE CONTROL : A través de esta unidad se controla los parimetros del ensayo

como son la carga , desplazanriento del piston de carga, el % de deformacién, velocidad del
ensayo y otras funciones.

4 - UNIDAD DE COMPUTO : En ella se puede programar el ensayo que se desee realizar ya
sea de tension ,compresidn etc. y la caracteristica es de que se haria en forma automitica

obteniéndose ¢l reporte de los resultados y grifica en la pantalla e impresora.
almacenandose los mismos, en un tiempo corto.

RESP. M.C. DANIEL RAMIREZ VLLL. 1 PRACTICA No.1



U.AN.L F.IM.E

DFTO. DE MECANICA DE LOS MATERIALES. LAB. DE MECANICA DE MATERIALES |

DESCRIPCION DE LAS PARTES DE LA MAQUINA UNIVERSAL DE PRUEBAS.

SECCION 1 ZONA DE PRUEBA

SECCIONIII  ZONA DE CONTROL

F 3
4 SECCION I UNIDAD DE POTENCIA
&
&

SECCIONTV  UNIDAD DE COMPUTO.

1.-
8.-
9.-
10.-
11.-
12.-

I3.-
14.-

15.-
16.-
17.-
18.-
19.-
20,

21.-
22.-
23 .-
24 .-
25.-
26.-
27.-
28.-

PISTON DE CARGA.

CABEZAL MOVIL

CABEZAL FUJO

MOTOR PARA ELEVAR EL CABEZAL FIJO

MANIVELA PARA MORDAZAS DE SUIECION PARA TENSION

ZONA DE TENSION
ZONA DE COMPRESION

TABLERO DE LECTURAS DE : CARGA, DEFORMACION, DESPLAZAMIENTO

DEL PISTON

GRAFICADOR

TABLEROQO DE CONTROL DE APLICACION DE CARGA

COMPUTADORA

IMPRESORA

PANTALLA DE LECTURA PARA LOS 4 CANALES

CANAL 1. : PARA LECTURAS DE INCREMENTOS DE CARGA ( LADO IZQUIERDOQ.) Y
CARGA MAXIMA ( LADO DERECHO.)

CANAL 2 : PARA LECTURAS DE % DE DEFORMACION

CANAL 3 : PARA LECTURAS DE LOS INCREMENTOS DE DESPLAZAMIENTO

DEL PISTON ( LADO IZQUIERDQ.) Y DE VELOCIDAD DEL PISTON ( LADO DERECHO.).
CANAL 4 : PARA LECTURAS DE ETAPAS DE UN ENSAYO.

SELECTOR DE RANGOS PARA CADA CANAL

AJUSTADORES A CERO DE CADA CANAL

MODO DE OPERACION MANUAL Y/O AUTOMATICO

PRESENTACION DEL RANGO DE CADA CANAL , '
SISTEMA DE UNIDADES (S.I. ABSOLUTA, U.S. INGLESA, UNIDAD TECNICA METRICA)
ROMPIMIENTO DE MUESTRA. :
AJUSTA A CERO EL LADO DERECHO DE LOS CANALES 1,2.3.

TECLAS PARA LA CALIBRACION DE LA MAQUINA

ENCENDIDO DE LA BOMBA.

MODO DE OPERACION DE LA MAQUINA.

APAGADO DE LA BOMBA

DESCARGA RAPIDA DEL PISTON

TECLA DE CARGA

RESP. M.C. DANIEL RAMIREZ VLLL. 2 PRACTICA No.1
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F.LM.E
DPTO. DE MECANICA DE LOS MATERIALES. LAB. DE MECANICA DE MATERIALES ]

29.- POTENCIOMETRO PARA VARIAR LA VELOCIDAD DE APLICACION DE CARGA
Y DESPLAZAMIENTO DEL PISTON.
30.- TECLA PARA VELOCIDAD LENTA EN LA APLICACION DE LA CARGA.

31.- TECLA PARA VELOCIDAD RAPIDA EN LA APLICACION DE CARGA.
32.- PARO DE CARGA.

33.- POTENCIOMETRO DE DESCARGA
34.- TECLA DE DESCARGA.

RANGOS DE CARGA

UNIDAD TECNICA UNIDAD “INGLESA” UNIDAD ABSOLUTA (S.1)
(Kg) (Lbs) (Newtons)
1200 2400 12000
6000 12000 60000
30000 60000 300000
60000 120000 600000
REPORTE,-

1.- Realizar brevemente la descripcion y funcionamiento de la maquina universal de pruebas. modelo 250 SL

RESP. M.C. DANIEL RAMIREZ VLLL. PRACTICA No.1
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Standarg Specmens Subsize Speamen
Nominal Width Pate-Type Sheet-Type & st
40 mm 12.5 mm

— Gage length (Notes 1 and 2] 2000 = 0.2 50.0 = 0.1 250=0.1
'—Wigth (Notes 3 and 4) 40020 125=0.2 6.0=01
— Thuickness (Note 5) truckness o! materal

— Radws of filiet, mun (Note 6) 25 12.§ 6

- Overall length, min {Notes 2 and 7) | 450 200 100

— Length of reduced section, min 25 57 32

— Length of gnp section, min (Note 8) 75 50 30

— Width of gnp section, approximate (Notes £ ang 9) 50 20 10

nzTe T—For the 40-mm wide spetimen. punch Marks for measunng elongavton aher fracture snall be maae on the fiat or on the eage of the speamen and within (=
cused section. Either 3 set of nine or More sunch marks 25 mm apart, or one or more parrs of puncn maxs 200 mm apart. may be used. .

hOTE 2—When elongation measurements of $0-mm wide specymens are not required, a MIMUMUM Jengt~ ¢! recuces secuon (A} of 75 mm may Se use< win all otne
mensiIGNS SiMilar 10 the plale-type s>ecamen,

NotE d—For the three suzes of speamens, the ends of the reduced section shall not differ in width by mere than 0.10, 0.05 or 0.02 mm, respectively. Alsc. there may
» 3 gradual decrease in width from the ends 10 the Centes, but the width a1 each end shall not be more han 1 % larger than tine wicth ar the center.

NoTE 4—For each of the three sizes of speamens. narrower widths (W ang C) may be used when necessary. In such clses the wiath of the reduced secuon snoui
s 25 large as the width of the matenal bewng tested permuts: however, unless stated specifically, the requirements for elongauon in 2 product speaficaton shall nol anon
nen these narrower specimens are used.

N3tz 5—The dimension T is the thickness of the 1est speamen as provided for in the applicable matena' soecfications. Minimum thickness of £0-mm wide soecimen:
-2t 22 3 mn, Maximum thickness of 12.5-mm and 6~mm wide specmens snal be 19 mm and 6 mm, reso>ecavely,

N3Te 6—For the 40-mm wide specimen. a 13-mm murvmum racdius a1 the ends of the reduced section s peruriec for siee! sdoecumens unaer €37 MPa in tersee sirengr
ne- 2 profile cutter is used 10 machene the regduced secton,

378 7—To aid in optaining axial icaging ounng 18sang of 6-mm wide soeamens. the Overak 5EIS SNOWIS D2 2% &7 25 "8 maienal wW DerTn UI T D11 T

AITE B—It is gesrable, if possiDle, 10 make e NN Of 1Ne ¢ND SeCuON 1270e enDUDn IC AkDw tNe S aCTIeT I exiens 2§ 2 mfizass esua !
o°e O e length of the anps. If the thickness ¢ 12.5-Mmm wi0f SDECIMBNT IF Sver . 3 MM, ISNSer CRDE 250 23720 =s o Y
2745521V 10 Drevent tanure n the gnp secuan,

N2TE 9—For the nree sizes Of Specunens. e eNCS 07 U5E SDEMEN STE! D SVTIMEINSE I WISIR WIIT N8 S8MIET “0 27 N8 "dSJT&s 62727 wins 2.5 028, ang Q0
m respeclvely. However, for releree tesung ang wnen requued Sy prooust $520fizauons. e enas 0 The ©Z.5.0m7 WiSE Ssenmen shaL D8 symmetnzal witun 0.2 mm

hSTe 10-—Specmens with sides parailel througnous thew Iengtn are penmuNed. except (¢ releree tesUng, D-IVIDES! (3} iNe aDOve 101erances are used: (D) an aceouat
+mde” of marks are provided for delerminauon of IONCALON; ano (¢} wnen yeld sirength 15 getermunec, 2 suladle exiensomerter 1 used. If the fracture ocsurs at :
$1a72¢ 0 less than ZwW from the edge oOf the ¢nppINg cevice, the tensile properves delermuned may not be representatve of the matenal. In acceptance testing, 1f 1m¢
Coerles meel the miimum requirements specilied. no further testing is requwed, but if they are less than Uve MEWMUM requyrements, discard 1he 1est ang relest.

FiG. 1 Rectangular Tension Test Specimens

wedge Grips

Upber Head of 8. Report _
T 1 . % . i
i i 8.1 Test information on matznals not covercd v, 2

product specification should be reported in accordance with
8.2 or both 8.2 and 8.3.
~Ll s . 8.2 Test information to be reported shall include the
I~ Liners-Thickness Voried . .
Atcorcang 10 Specimen Trick- following when applicable:
ness 1o Xeep Wedjge Grips ) 1 1 1 1
Fis) Soecmenimy | from Protecdin Roaen o ) 8.2.1 Malc_na.! and sample. identification.
Below Heoc of Tesling 8.2.2 Specimen tvpe (Section 6).
| | Muxnine 8.2.3 Yield sirength and the method used 10 determine

vield strength (see 7.4).

8.2.4 Yield point and the method vsed 10 determine vield
; : i 71.5).
7.10.3 The specimen’s properties were changed because of pogn; gsc'?cn?i)lc strength (se2 7.6)

Sor machining practice, . 8.2.6 Elongation (repont both the original gage length and
7.10.4 The test procedure was incorrect, the percentage increase) (see 7.7).

FIG. 2 Wedge Grips with Liners for Flat Specimens

1.10.5 The fracture was outside the gage length, 8.2.7 Reduction of area (see 7.8).

7'_10'6 For .clongauon determinations, the fracture was 8.3 Test information 1o be awvailable on request shall
uiside the middle half of the gage length. or include:

7.10.7 There was a malfunction of the testing equipment. 8.3.1 Specimen test section dimension(s).

NOTE %6—The tension specimen is inappropriate for ing some 8.3.2 Forrnula used to calculate cross-sectional area of
‘s of imperfections in @ material. Other meihods and specimens  SPEcimens taken from large-diameter tubular products.
Mploving ultrasonics, dve penetrants. radiography, elc. may be consid- 3:3.3 Speed and method used to determine speed of
ed when flaws such as cracks. flakes., porosity, €i¢., are revealed during testing (see 7.3).

lest and soundness is a condition of acceptance. 8.3.4 Method used for rounding of test results (see 7.9).
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Dimensions, mm

Standard Specimen Smab-Size Speamens Propactional To Stancard

12.5 9 [ 4 25
ge length 62.5 = 0.1 45.0 = 01 300=01 20.0 = 01 125 =04
meter (Note 1) 125= 0.2 9.0=0.1 6.0=0.1 40=01 25201
ows of fillet, min 10 8 6 4 2
9th of reduced section, min (Note 2} 75 S4 36 24 20

= 1—The recuced section may have a gradual taper from the ends toward the center, with the ends pol more than 1 % larger in diameter than the center (convoling
0n),

. 2—II desired, the length of the reduced section may be increased to accommodate an extensometer of any convenient gage lengih. Reference marks for te
ement of elongation shoulC, nevertnaiess, be spaced at the indicated gage length.

E 3—The gage length and fillets shall be as shown, but the ends may be of any form to (it the holders of the testing machine m such a way that the load may be
ee Fig 9). If the ends are 10 be held in wedge gnps o is desvable, i possible, 10 make the length of the gnp secuon great enwgn 10 allow the speamen o extend

 gnps a3 distance equal to Two thres or more of the length of the gnps.

e ¢<—On e rouna specimens in Figs. 8 ang 9. the gage lengths are equal to five tmes the nomunal dameter, In some proauc: specificatons other specumens may
nded for, but the 5-10-1 rauc 1s maniained within dimensional lolerances, the elongaton values may not be compardnie with those omamed from the stangard test

en.
¢ §—The use ol specimens smaller than & mm in diameter shall be restncied to cases when the matenal o be lested 1s of nsufficient s:ze 10 obtan largsr
ens of when all parues agree to tner use lor atteplance testng. Smaller Specimens require suitable eQuipment and greater skib in both macsurung and lesung.

8 Standard 12.5-mm Round Tension Test Specimen with Gage Lengths Five Times the Diameters (5D}, and Examples of Smali-Size

Specimens Proportional to the Standard Specimen

ol S — . el ——  —
—_— - - B —_————
T T i e P D (s i iy .:__'_;@_
T i, \G-IV —_——— L \-:/
— ¢ —a Note 2 T
L
B & B= t
T -y
b B — R )
Dimensions. mm
Specmen 1 Specmen 2 Speamen 3 Specmen 4 Specmen 5

age lengtn 62.5 =0 625=0.1 62.5 = 01 6.5 =01 625 =01
ameter (Note 1) 125=02 125=0.2 125=0.2 125= 0.2 125 =02
adius of filet. mwn 10 10 2 10 10 »
ength of reduced secton 75, mun 75. mun 100. acproximately 75, min 75, min
verall lengih, approximalte 145 155 140 149 255
ength of end secuion (Nole 3) 35, aoproximately 25, approximately 20, aporoximately 15, approxima:ely 75, min
ameter of end secuon 20 20 20 22 20
ength of $houlder ana fiulet 15 s 20 15
$CUON, Approxymale
ameter of shoulder 15 15 15

1t 1—The reduced secton may have a gradual 1aper from the ends loward the center with the ends not more than 1 % larger in diameter tan the center.
Tt 2—On Specimens 1 and 2, any standard thread is permuss:ble that provides for proper aligrment and ads in assunng that the specmen will break wathun ¢

ed sect:on,

1t 3—On Specimen 5 it is deswadle. if possible, 1o make the length of the grip section great enough 10 aliow the specimen 10 extend nto the gn2s a distance e
0 hwrds or more of the length of the gnps.
FI1G. 9 Various Types of Ends for Standard Round Tension Test Specimens
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10 Squeezing Jig for Flattening Ends of Full-Size Tension??

NoTE-—~The diamete- o! the plug shall have a3 slignt 120er from the hne Lmiung
Test Specimens

the testuing maching 12w's 10 the curved seclion.
FiG. 11 Metal Plugs tor Testing Tubular Specimens, Proper
Location of Plugs in Specimen and of Specimen in Heads of Testing
Machine

NITE—The eoges of the plank for e soemumen shall be ot Caraliel 10 eah
FiG. 12 Location from Which Longitudinal Tension Test
Specimens Are to Be Cut from Large-Diameter Tube
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Dimenswons, mun
Speamen 1 Speomen 2 Soecmen 3
NOmTunal Wilin
12.5 <0 40 '
-Gage lencth 50.0= 01 50.0= 01 2000 =02
-Wiz1% (NO1e 1) 12.5=02 400 =20 400 =20
- ThCkness measured thickness of specmen
- Ragws of fillet, min 12.5 25 25
-Length of reduced secuion, mun 60 60 230
—Length of gnp secuon. min (Note 2) 75 78 75
—Wiadth of gnp section. approxmale (Nole 3) 20 50 50

Note 1—The ends of the reduced secuon shall not differ in width by more than 0.1 mm for specamens 1, 2, and 3. Thers may e a gradual taper «n wioth from the encs
e center, tut the width at each end shall be Nt Mare than 1 X greatsr than the width at the center.

Note 2—H is ceswable, d possible. W make the length of the grip section greal enough 10 allow the speamen 10 extend INto the ¢nps a distance equal to two thegs of
ot 0! the length of the grips.

Ko1E 3—-The ends of the specimen shal be symmetical with the center ine of the reduced section within 1.0 mm for speamen 1 and 2.5 mm 1or speamens 2 and 2.
No1g L—Specmens with sides paralel throughout thew length are permitied, except for releree lesting and where prohibited by product speaficaton. provded: (a) the
vt tolerances are used; (D) an adequale number of marks are provided for determination of slongatiork and () when yield stength is delermined. 3 Suitable
tiensomeler is used. i the fracture ocours Bt 3 Ostance of less than 2 trom the edge of the gripping dewvice, the 1ensie propertes Oetermuned May NOl be representative
‘Nmatec;m.umepfoperues meet the minemum requirements specfied, no further lestng is required. but # they are less than the manimum requvements, discard the
il and relest

FIG. 13 Tension Test Specimens for Large-Diameter Tubular Products



FIG. 14 Location of Transverse Tension Test Specimen in Ring
Cut trom Tubuiar Products
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Nomuna: Diameter T - E . T

G=Lenzin of cerane. Enzl: oe eQue 1T OF greaier N2t ciameier O

O—Diameter 2.5 =0.2 220=C.2 300=Cs

A—Raaws of filet, mn . 25 25 50

A—Lengin of reduced secudn, mun 32 38 60

L= Overall lengtn. min 95 - 100 160

B—Lengtn of enc section. approxwmale 25 25 45

C—Diameter of eng secion, approxunate 20 3¢ 48

E—Length of shoulder, mn 6 -] 8 \

F— Diameter of shoulder 160 =04 24.0=04 BS=04

NoTE—The reduced section anc shoulders (dimensions A. 0. £. F. G. and R) shall be as shown. but the encs M2y be of any fors 1c it the holoers of the tesung machne
Such a way that the load shall be axal. Commonly the ends are Uveaced and have the dimensions 3 ang € Jiven 2dove.

FiG. 15 Standard Tension Test Specimen for Cast iron
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FIG. 16 Test Coupons for Castings (see Table 1 tor Details of Design)
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Dimensions, mm
O—0Diameter 16
R—Radius of filet 8
A—Length of reduced section 64
L—0rverall length 190
B8—Length of end section 64
C—Diameter of end section 20
E—Length of filet 5

FIG. 17 Standard Tension Test Specimen for Malleabie Iron
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dr:2ss vs Minimum Thickness Chart 55|Cylindrical Correction Chart 53
Rockwell l Rockwell ! Cylindrical work corrections to be added to observed
greater Superficial ! Regular i Rockwell Number for Scales indicated
xness and Hardness Scales | Hardness Scales ¢
ness canb¢ ["on | 30N | 4sN A | D | © ScalesC, D, A
'cgted scale 15 l 30 45777 60 100 150 Brale Diamond Indenter
kgt kgt kgf ' kqgf kgf kgt Diameter of specimen — Inches (mm)
Thickness N Brale : Brale T 18| 14 | 38| w2 | s/i8 | %4 | 78 | 1 11-1411.3/2
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020 (0.51) i ek s7 63 | 32 77 — 55 20{ 15| 10| 10| 05| 05| 05| 05 0O
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036091 X X %t B X a7 20 pefsvgol 45] as ! 25! 20 15) 1.8 100:1.0
1038 (0.96 fioc -3¢ %o i X X 28 Scales B, F, G
040 (1.02) ! X X X X X 20 1116~ Ball Indenter .
Biatar i sRc:chn--iralll : Rockwell Diameter of specimen — inches (mm)
y grea ! uperficia : Regular Obs i 4| 1-112
erved| 1/8 1/4 38 112 518 | 34 718 1 1-114 | 1
::dk:eesssscaanndbe i Hardness Scales —Hardness Scales Reading | (3.2 | (6.8 | (ol (13 | (16 | (19) | (22) | (25) | (32 I; (28)
ely tested on |_15T | 30T | 457 F 8 40 300 | NA| 35| 25| 1.57| 1.5 | 1.0 | 1.0 | 0.5 | NA | NA
icated scale ‘ 15 t 30 | 45 .60 {100 150 90 l | £01° 39052071 1.5 1.5 1 15 .0 l l
kgt | ot | kgt ' kof ! kgi | kaf 80 | sol 35| 25 ) 20!l15] 151 15
_Thickness l 1/16° Ball 1/16° Ball 70 | 6.0| 4.0 | 3.0 2.5 1 20 2.0 3.5 i |
inches (mm) ! Indenter indenter 60 ! 70! 50 35| 30| 25| 20| 2.0 £
010025 ! 91 e - = = = 50 | 8ol 55l 40l 3sl3olasi2ol |V :
012 (0.30) : 36 - — — - — 0 ! ¢ 9.0 6.0 45 4.0 3.0 SSa TSt S
014 (0.36) 8 30 - —_ —_ —_ 30 . i10.0] 6.5 5.0 i 4.5 i 3.5 : 3.0« S5 !
016 {0.=1) T e 71 — —_— —_ 0 AR A MR PR e R g i i
218 10.33) 58 RS = = = i S808 0w 80 =) 45 . 53 oD :
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222 10.38) X iz i3 i B 5 = S AR T
324 (0.61) % 5% 2% 2z ss S Scales 13-iv. ZI-L ¢
-326 (0.66) X & s 5 ST o . Srzie Dizmonc :ncenter
.34.5 10.71 p A - 13 20 A L .ameter Of $S8ciman — inenes (mmi
e 3 2 % 20 22 35 ijCpservec: 4§ cis LS T S8 i T8 1 13l 10'D
:03.‘ 60:85] : 2 X X ‘x" e :;:0 Reacine « (2.2). (6.4) - (10) . 33« {36 (1 ! (22) ! (25) { {2D) : 1E3)
036 {0.91) X £ % % 40 42 S0 Ghempa it ;@ e o @ 0 0 | 0 | NA G NA
528 (0.26) L X X X 28 31 SSsenpaise’ 0.5 0.5 1 95 . 0 1 0t 0 {0 o Jod
040 (1.02) - X X X X X 22 s e T e (R R N R o TIRE J00 SR  JBet
Sy - - 75 . 1.5] 1.0§05:05:05|05]| 0 0 !
Vo Minimum Harcness 70 i 2.0, 1.0 1.0 | 0.5 ‘l 0.5 l 05 | 05 05 % i
ese values are approximale oniy and this cnhart is intended primarily 85 - 251 151 101 05: 05105705705 - :
a8 quide. 60 i 3.0 1.5.1.1:0 ‘ 1.0 1.0 ‘ 0.5 0.5 0.5 i
ietals thinner than sncwn in lhis chart may e lesled on the gg i gg %g :g i :g :g i ?g 23 gg ! ! !
on* micronarcness lesier. The (hickness of the specimen should be e w— e S B K SRR ,
2351 1'% Yimes the ciagonal ol ihe incentalion wnen using the 45 :. 40: 2.0 1.5 | 1.0 1.0 l 1.0 1.8 E 1.0 E
's (126°) giamonc 2yramid ingenler. ang al ieast ¥ limes the long s S L R S8 G (8 i
35731 ‘wnen using ihe <NoOD incenter. ;g : ;2 §3| 2.0 : 1.5 1-2 : S 1 30 LA
ie 3:Vaives in Chart 35 are consisient with ASTM S18 Takies 4.3, 11 ang 3 ioS. L1201 1.5: 1.51 10| 1.0} 1.0 l e
2xiepl lor D anc G-scase vaiues wnich acTesi 0 incenlaiion Haraness es 1 sl S0i284 1.5 13, 151 1.5 1.0 o5
¥ing oy Yincent E‘f.h?;ag,’“_“:._ <68 il s o AR e ine AdES 20 GOl 201 18 ) 1.8 15! 18! 48N 1oy
Scales 15-T, 30-T, 45-
1/16° Ball Indenter
: Diameler of specimen — inches (mm)
Observed| 1/8 114 3/8 172 5i8 34 7:8 1 j1- 1411
Reading | (3.2)| (6.4} (10) i (13) 1 (16) ! (19) | (220 ! (25) | (32) | (38) |
90 1.5 1.0| 1.0 0.5 0.5 1 0.5 0.5 0.5 NA | NA
80 S0l 00 S Y0 10 ) 1.0:] 0.5 5|
70 sol 3s{2sl20l1s! 101l 101 10 s A
60 6.5| 4.5| 3.0 2.5 20 | 1.5 B8 =15 !
50 85| 55| 40| 30| 25| 20| 20| 1.5 i
40 l100| 65 45135 30]|2s5|201i20]| LA
30 |15 75| 50| 35| 35| 25| 20 | TR
20 13.01 9.0 6.0 ! 4.5 451 301 20 1| 2.0 , (RS |
These corrections are approximate only and represent lhe averages. 1o

the nearest 1/2 Rockwell number, of numerous actual observations.
These values are consistent with ASTM E18 Tables 6, 7, 13 anc 14,
When testing cylindrical specimens, the accuracy of the test wili
be seriousty affected by alignment ol elevating screw, Vee anvil,
indenters, surface finish and Lhe siraightness ol the cylinder.
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Oimensions. mm &
4 Pressing Arca = 645 mm?
G— Gage length 50.0 = 0.1 NoTe—Dimensions specified, except G and T, are those of the die.
D— Diameter (see Note) 64 = 0.1 - - —
A— Radws of flet, min 75 Difmigrizuons;
A~— Length of reduced section, min - 60 G—Gage length 2540 0.8
L— Overall length, mun 230 D— Width at center 5.72 = 0.03
8— Distance between gnps, mun 15 W—Width at end of reduced section 597 = 0.03
C— Diameter of end secuon, asoroximate 10 T— Compact 10 this thickness 3.56106.35
NoTE—The reduced secuon may have a gradual taper from the ends loward B Flagsict e 254
eI ; A~ HallHength of redused section i5.88
; € ends nol more than 0.1 mvm larger € giameler than the center, - 8— Grip length 80.S5 = 0.03
FIG. 18 Standard Tension Test Specimen for Die Castings L— Overall lengtn 8964 = 0.03
* C— Width of gnp section 8.71 = 0.03
F— Hall-wndth ol gny secuon 434 =003
E— End radius 434 = 0.03

FIG. 18 Standard Flat Unmachined Tension Test Specimen for
Powder Metallurgy (P/M) Products
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Approximate Pressing Area of Unmachined Compact = 752 mm?
Machining Recommendations
1. Rough machune reduced section to 6,35 mm diameter
2, Firush tum 4.75/4.85 mm diametes with radii and taocer
3. Polish with 00 emery cloth
4. Lap with crocus cloth

Dimensions., mm

G—Gage length 2540 = 0.8

D—Diameter at center ol reduced secton 475 =002
H—Diameler at ends of gage length 4.85 = 0.03
AR—Rasdws of fillet 6.35 = 0.3
A—Length of reduced section 4763+ 0.13
L—Overas length (die cavity length) 75, nomanal

8—Length of end section 7.88 =013
C—Compact 10 s end thickness 10.03 = 0.13
W—Die cawity width 10.03 = 0.08
E—Length of shoulcer 635 =013
F—Diameter of shouider 7.88 = 0.03
J—Ena fliet radius 127 =013

NOTE 1—The gage length and filets of the specamen shall be as shown. The
ands as shown ars oesignad 10 provide & practical minimum pressing area. Other
end designs we acceplable, and in some Cases are required for high-srengtn
sintered materials.

NoTe 2—i is recommended that the test specimen be gripped with a spiit
coliet and supported under the shoulders. The radius of the coliet SUPPOMt Circular
soge i 10 be not less than the end fillet radius of the test specimen.

Nove 3—Diameters D and H are 10 be concentric within 0.03 mm total
indicator nncut (T.LR.), and free of soatches and 100l marks.

FiG. 20 Standard Round Machined Tension Test Speciman for
Powder Maetallurgy (P/M) Products



APPENDIX

(Noumandatory Information)

X1. FACTORS AFFECTING TENSION TEST RESULTS

X1.1 The precision and bias of tension test strength and
ductility measurements depend on suict adherence 1o the
stated test procedure and are influenced by instrumental and
material factors, specimen prcparanon, and measurement/
1esting errors.

X 1.2 The consistency of agreement for repeated tests of

the same material is dependent on the homogeneity of the -

material. and the repeatability of specimen preparation, test
conditions, and measurements of the tension test parame-
ters,

X1.3 Instrumental factors that can affect test resulws
include: the stiffness, damping capacity, natural frequency,
and mass of the tensile test machine, the accuracy of loading
and the use of loads within the verified range for the
machine, speed of loading, alignment of the test specimen
with the applied load, parallelness of the grips, grip pressure,
nature of the load control used, appropriateness and calibra-
tion of extensometers used. and so forth.

X 1.4 Matenal factors that can affect test results include:
reprasentanvensss and homoecn-it\ of the test marterial.
s2mpiing scheme. and spscimen preparation (surface finis
Zimensional accumacy, filles at the ends of the gage lengin
iaper in the gage length. bent specimens. thread quaiiy, znd
so forth).

X1.4.1 Some materials are very sensitive 1o the quality of
the surface finish of the test specimen (see Note 11) and must
be ground to a fine finish. or polished 10 obtain cormrect
results.

X1.4.2 Test results for specimens with as-cast, as-rollcd
as-forged, or other non-machined surface conditions can be
affected by the nature of the surface (sece Note 12).

X1.4.3 Test specimens taken from appendages to the part
or component, such as prolongs or risers, or from separately
produced castings {for example, keel blocks}) may produce
test results that are not representative of the part or compo-
nent.

X1.4.4 Test specimen size can influence test results, For
cvlindrical specimens, changing the test specimen size gener-
ally has a negligible effect on the vield and tensile strength
but may influence the vield point, if one is present, and will
influence the elongation and reduction of area values. In
general. increasing the specimen size reduces the % elonga-
tion and % reduction in area, although some studies have
shown no effect, or the opposite effect. For rectangular
tensile test specimens, increasing the width or thickness
generally increases the % elongation and decreases the %
reduction in area,

X1.4.5 Use of a taper in the gage length, up to the allowed
1 % limit, can result in lower elongation values. Reductions
of as much as 15 % have been reported fora | % taper.

X1.4.6 Some materials are highly strain-rate sensitive.
Changes in the strain rate can affect the yield strength and
clongation values, especially for strain-rate sensitive mate-

rials. In general, the yield strength and elongation will
increase as the strain rate increases.

X1.4.7 Brttle materials require careful specimen prepara.
tion, high quality surface finishes, large fillets at the ends of
the gage length, oversize threaded gnp sections, and cannol
tolerate punch or scribe marks as gage length indicators.

X1.4.8 Flattening of tubular products to permit testing
does alter the martenal properties, generally nonuniformity,
in the flartened region which may affect test results,

X1.5 Measurement ertors that can affect test results
include: verification of the test force, extensometers, mi-
crometers, dividers. and other measurement devices, aligp.
ment and zeroing of chart recording devices, and so forth.

X1.5.1 Measurement of the dimensions of as-cast, as
rolled, as-forged. and other test specimens with non-ma.
chined surfaces may be imprecise due to the 1rrcgulanty of
the surface flatness.

X1.5.2 Matenials with anisotropic flow characteristics
may exhibit non-circul& cross sections after fracture and
measurement precision a2y be affecied, 25 a rasul (see Note
24,

N1.5.3 The cornesr of recianguizs oot fpecimens am
subject 10 consieinit dunng deformauon 2nd the onginally
flat surfaces may be parzbolic in shaps after 1esting which
will affect the precision of final cross-sectional area measure.
ments (see Note 235).

X1.3.4 If any portion of the fracture occurs outside of the
middle of the gage length, or in a punch or scribe mark
within the gage length, the elongation and reduction of arez
values may not be representative of the maternial,
specimens that break at or within the grips may not proauc:
test resuits rcprzscntauve of the maierial.

X1.5.5 Use of specimens with shouldered ends (*burtton
head™ tepsiles) will produce lower 0.02 % offset yield
strength values than threaded specimens.

X1.6 Because standard reference maierials with certified
tensile property values are not available. it is not possibie 10
rigorously define the bias of tension tests. However. by the
use of carefully designed and controlled mtcrlaboratorj
studies, a reasonable definition of the precision of tensiot
1est results can be obtained.

X1.6.1 An interlaboratory test program® was conducte
where six specimens each, of six different materals wen
prepared and tested by each of six different laboratories
Tables 2.1 to 2.6 present the precision statistics, as defined
Practice E 691, for: tensile strength, 0.02 % yield strengh
0.2 % yield strength, % elongation in 5D, and % reduction ¥
area, In each table, the first columa lists the six materia
tested, the second columan lists the average of the averag
results obtained by the laboratories, the third and AR
columns list the repeatability and reproducibility standar
deviations, the fourth and sixth columas list the coefficien
of variation for these standard deviations, and the sevent



and eighth columns list the 95 % repeatability and reproduc-
ibility limits.

X1.6.2 The averages (below columns four and six in each
table) of the coefficients of variation permit a relative
comparison of the repeatability (within-laboratory precision)
and reproducibility (between-laboratory precision) of the
tension test parameters. This shows that the ductility mea-
surements exhibit less repeatability and reproducibility than
the swrength measurements. The overzall ranking from the
least 10 the most repeatable and reproducible is: % elonga-
uon in 4D, % reduction in area, 0.02 % offset vield strength,
0.2 % offset vield strength, and tensile strength. Note that the

rankings are in the same order for the repeatability and
reproducibility average coefficients of variation and that the
reproducibility (between-laboratory precision) is poorer than
the repeatability (within-laboratory precision), as would be
expected.

X1.6.3 No comments about bias can be made for the
interlaboratory study due to the lack of certified test results
for these specimens. However, examination of the test results
showed that one laboratory consistently exhibited higher
than average strength values and lower than average ductility
values for most of the specimens. One other laboratory had
consistently lower than average tensile strength results for all
specimens.

TABLE X1.1 Precision Statistics—Tensile Strength, ksi
Material X s, [ 9) & 4 Sn sa/X & r R

EC-H19 25.68 0.63 245 0.63 2.45 1.76 1.76
2024-T351 71.26 0.88 124 0.96 1.34 2.47 2.68
ASTM A105 86.57 0.60 0.70 1.27 1.46 1.68 3.55
AlSI 316 100.75 0.39 . 0.39 121 1.20 1.09 3.39
Inconet 600 99.48 0.42 0.43 072 6.72 1.19 2.02
SAE 51410 181.73 0.46 0.25 1.14 0.63 1.29 320

Averages: 0.91 1.30

NoTE: X is the average of the cell averages. that is, the grand mean for the test parameter,

s, 15 the repeatabiity standard deviation (withinaboratory precision),

$,/X is the coelficient of vanation n %,

Sp 1S e reproducibility standard Qevi2lion (D2Iween-addraiory Dression),
sa/X 15 the coetlicient of vanauon, %.

ris the 95 % repeat2 Duity Lrmuts,

2.5 tne £ % redrozushiy Lmns,

TABLE X1.2 Precision Statistics—0.02 % Yield Strength, ksi

Materal X s, [ ) 4 Sn safX, % r R
EC-H19 16.17 0.65 399 1.19 7.36 1.81 3.3
2024-T351 ' 51.38 0.84 1.64 0.89 1.73 2.36 2.49
ASTM A105 59.66 1.20 2.02 1.89 3.18 237 5.31
AlSI 316 48 82 2.29 4.91 4.61 9.49 6.68 12.91
Inconel 600 3z.74 0.46 118 076 1.96 1.28 213
SAE 15410 104.90° 2.40 . 2.29 3.7 ac2 6.73 8.38

Averages: 2.67 4.46

TABLE X1.3 Precision Statistics—0.2 % Yield Strength, ksi

Matenal X s, 5K, % Sp Sn/X. % r R
EC.HI9 22.98 0.47 2.06 0.48 2.07 1.33 1.33
2024-7T351 s 52.64 0.74 1.41 0.79 1.49 2.09 220
ASTM A105 58.36 0.83 1.42 1.44 2.47 2.3 4.03
AISI 316 69.63 0.94 1.35 2.83 407 2.63 7.83
inconel 600 38.91 0.36 0.93 .85 2.18 1.01 237
SAE 51410 140.33 1.29 0.92 2.30 164 3.60 6.45

Averages: 1.3 232




TABLE X1.4 Precision Statistics—% Elongation In 5D

Matenal X s, s/X. % Sn S /X % r R
ECH18 14.61 0.59 4.03 0.56 4.52 1.65 1.85
2024-T351 18.04 0.64 3.57 172 953 | 1.81 4.81
ASTM A105 25.63 0.77 299 1.30 5.06 2.15 3.63
AlSI 316 35.93 071 1.98 268 7.45 2.00 7.49
Inconet 600 41.58 0.67 1.61 1.60 3.8 1.88 4,49
SAE 51410 1239 0.45 361 .96 7.75 125 2.68

Averages: 297 6.36 i
NOTE A1—Length of reduced secton = 5D, )
TABLE X1.5 Precision Statistics—% Reduction in Area

Matenal X 5, s /X % Sm WX % r R
EC-H13 79.14 1.94 2.45 2.02 2.56 5.4 5.67
2024-T351 30.31 2.07 6.82 3.58 11.80 5.79 10.01
ASTM A105 65.59 0.84 1.28 128 1.92 235 353
AlSI 316 71.49 0.29 1.39 1.61 225 2.78 4.50
Inconel 600 59.34 0.67 1.14 0.70 1.18 1.89 1.97
SAE 51410 50.49 1.86 3.69 3.95 .8 51 11.05

Averages: 2.80 4.59
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APPENDIX

(Nonmandatory Information)

X1. FACTORS AFFECTING TENSION TEST RESULTS

x1.1 The precision and bias of tension test strength and
juctility measurements depend on strict adherence to the
«ated test procedure and are influenced by instrumental and
material factors, specimen preparation, and measurement/
j2sling €ITOTS. .

x1.2 The consistency of agreement for repeated tests of
ihe same material is dependent on the homogeneity of the
material, and the repeatability of specimen preparation, test
.onditions, and measurements of the tension test parame-

ers. 3

X1.3 Instrumental factors ‘that can affect test results
include: the stiffness, damping capacity, natural frequency,
and mass of the tensile test machine, the accuracy of loading
ind the use of loads within the verified range for the
machine, speed of loading, alignment of the test specimen
with the applied load, parallelness of the grips, grip pressure,
nature of the load control used, appropriateness and calibra-
iion of extensometers used, and so forth.

X1.4 Material factors that can affect test results include:
woresentativeness and homogeneity of the test material,
»mpiing scheme, and specimen preparation (surface finish.
simensional accuracy, fillets at the ends oi the gags iengih.
izper in 1ne gage length, bent specimens. thread quaiity, aad
s0 forth). ;

X1.4.1 Some materials are very sensitive 10 the quality of
the surface finish of the test specimen (see Note 11) and must
o¢ ground to a fine finish, or polished to obtain correct
results, :

X1.4.2 Test results for specimens with as-cast, as-rolled,
i-forged, or other non-machined surface conditions can be
affected by the nature of the surface (see Note 12).

X1.4.3 Test specimens taken from appendages to the part
or component, such as prolongs or risers, or from separately
oroduced castings (for example, keel blocks) may produce
lncst results that are not representative of the part or compo-

ent.

X1.4.4 Test specimen size can influence test results. For
lindrical specimens, changing the test specimen size gener-
lly has a negligible effect on the yield and tensile strength
but may influence the yield point, if one is present, and will
fluence the elongation and reduction of area values. In
:-’i‘“’-ﬁl, increasing the specimen size reduces the % elonga-

' 5°“ and % reduction in area, although some studies have

lc:‘f’]“ mo effect, or the opposite effect. For rectangular

; !t‘nﬂc lest specimens, increasing the width or thickness

. racrally increases the % elongation and decreases the %
UClon in area.

i/ ;él:‘l.? Use of a taper in the gage length, up to the allowed

of limit, can result in lower elongation values. Reductions
;‘m'-'-ch as 15 % have been reported for a 1 % taper.

146 Some materials are highly strain-rate sensitive.

| e B in the strain rate can affect the yield strength and
| N2ation values, especially for strain-rate sensitive mate-

rials. In general, the yield strength and elongation will
increase as the strain rate increases.

X 1.4.7 Brittle materials require careful specimen prepara-
tion, high quality surface finishes, large fillets at the ends of
the gage length, oversize threaded grip sections, and cannot
tolerate punch or scribe marks as gage length indicators.

X1.4.8 Flattening of tubular products to permit testing
does alter the material properties, generally nonuniformily,
in the flattened region which may affect test results.

X1.5 Measurement errors that can affect test results
include: verification of the test force, extensometers, mi-
crometers, dividers, and other measurement devices, align-
ment and zeroing of chart recording devices, and so forth.

X1.5.1 Measurement of the dimensions of as-cast, as-
rolled, as-forged, and other test specimens with non-ma-
chined surfaces may be imprecise due to the irregularity of
the surface flatness.

X1.5.2 Materials with anisotropic flow characteristics
may exhibit non-circular cross sections afier fracture and
measurement precision may be zffacted, as 2 result (se2 Note
Z4),

"1 &
e
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fizt suriaces may be parabolic in shaps afier 1siing which
will affect the precision of final cross-sectional area measure-
ments (see Note 25).

- X1.5.4 If any portion of the fracture occurs outside of the
middle of the gage length, or in a punch or scribe mark
within the gage length, the elongation and reduction of area
values may not be representative of the material. Wire
specimens that break at or within the grips may not produce
test results representative of the material. .

X1.5.5 Use of specimens with shouldered ends (“button-
head” tensiles) will produce lower 0.02 % offset yield
strength values than threaded specimens.

X1.6 Because standard reference materials with certified
tensile property values are not available, it is not possible 10
rigorously define the bias of tension tests. However, by ihe
use of carefully designed and controlled interlaboratory
studies, a reasonable definition of the precision of tension
test results can be obtained.

X1.6.1 An interlaboratory test program® was conducted
where six specimens each, of six different materials were
prepared and tested by each of six different laboratories.
Tables 2.1 to 2.6 present the precision statistics, as defined in
Practice E 691, for: tensile strength, 0.02 % yield strength,
0.2 % yield strength, % elongation in 4D, and % reduction in
area. In each table, the first column lists the six materials
tested, the second column lists the average of the average
results obtained by the laboratories, the third and fifth
columns list the repeatability and reproducibility standard

deviations, the fourth and sixth columns list the coefficients

of variation for these standard deviations, and the seventh



und cighth columns list the 95 % repeatability and reproduc-
Jiliny limits,

N1.6.2 The averages (below columns four and six in each
whle) of the coefficients of variation permit a relative
.omparison of the repeatability (within-laboratory precision)
.nd reproducibility (between-laboratory precision) of the
.onsion test parameters. This shows that the ductility mea-
wrements exhibit less repeatability and reproducibility than
‘ne strength measurements. The overall ranking from the
.t 10 the most repeatable and reproducible is: % elonga-
aon in 3D. % reduction in area, 0.02 % offset vield strength,
1.2 ¢ offset vield strength. and tensile strength. Note that the
rankings are in the same order for ‘the repeatability and

.

reproducibility average coefficients of variation and that th
reproducibility (between-laboratory precision) is poorer tha;
the repeatability (within-laboratory precision), as would b
expected.

X1.6.3 No comments about bias can be made for the
interlaboratory study due to the lack of certified test result:
for these specimens. However. examination of the test result:
showed that one laboratory consistently exhibited highe:
than average strength values and lower than average ductility
values for most of the specimens. One other laboratory hac
consistently lower than average tensile strength results for all
specimens.

TABLE X1.1 Precision Statistics—Tensile su'ength; MPa

X s, s/X % Sp saiX. % r r R
177.5 0.63 : 245 0.63 245 1.76 1.76
492.9 0.88 124 0.96 1.34 ; 2.47 2.68
598.8 0.60 0.70 1.27 1.46 1.68 3.55
131316 . 696.9 0.39 ; 0.39 121 120 1.09 3.39
~zonel 600 688.1 0.42 0.43 0.72 0.72 1.19 2.02
‘A2 31410 1257.0 0.46 0.25 1.14 0.63 1.29 3.20
Averages: 091 1.30

5.1s ne repeatability standard deviation (within-aboratory precision),

5. X 1s tne coefficient of variation in %.

¢, 1§ 19e reproducibility standard deviation (berween-laboratory precision).
& X :¢ tne coeficient of vanation, %.

‘i mg 92 % repeaiability limuts.

=2 g &2 reoroTusikiv ks

No7e: X is the average of the cell averages, that is, the grand mean for the test parameler,

AE.E X2 | Precision Suatisuss—u.lZ % Yieic Strength. MFa

Maiena, ¥ s $/X. % Sa SaiX. = r ]
St 1.8 0.65 3.29 1.19 736 1.81 2.3
L] | 335.4 0.84 1.64 0.89 1.73 2.36 2.48
S5 A0S s27 1.20 2.02 1.89 3.8 337 83
~5: 516 336.3 239 491 461 9.42 6.68 12
Hreone: 600 268.0 0.46 1.18 0.76 1.95 : 1.28 213
A2 15210 7256 2.40 ~ 347 3.02 6.73 8.88
Averages: 267 4.5
TABLE X1.3 Precision Statistics—0.2 % Yield Strength, MPa
Matenal X s, s/X. % Sp SalX. % r R
H1§ 155.0 0.47 2.06 0.48 207 1.33 1.33
2:-T351 3641 0.74 A 1.41 0.79 1.49 2.08 2.20
T:2 2105 403.7 0.83 142 1.44 2.47 2.31 403
S 216 481.6 0.94 135 2.83 4.07 2.63 7.93
o4 600 269.1 0.36 023 0.85 218 1.01 2.37
£ 31410 §70.7 129 022 2.30 164 3.60 6.45
Averages: 13 2.32

Sl e LA e el



TABLE X1.4 Precision Statistics—% Elongation in 4D

I Matenal X % 5/X. % Sa safX. % r R
cH19 17.45 0.64 3.69 0.92 ) 530 1.80 259
924-T351 19.75 4 059 89 1.58 8.00 1.65 4.43
5TM A105 29.10 0.76 262 0.98 338 213 2.76

11916 40.07 1.10 2.75 2.14 535 3.09 6.00
sonet 600 44.27 0.66 150 1.54 3.48 1.86 4.3
<€ 51410 14.48 0.48 ; 329 0.99 6.83 134 207

Averages: 2.81 : 5.39

1 Nore Al—Length of reduced section = 60, g E
TABLE X1.5 Precision Statistics—% Reduction in Area
Matenial X s s/X, % Sa sa/X. % r R

£.H19 79.14 1.94 245 2.02 2.56 5.44 5.67
F22-T351 30.31 2.07 6.82 3.58 11.80 3.79 10.01
13TM A105 65.59 © 0.84 3 128 1.26 1.92 235 3.53
31316 71.49 0.99 1.39 1.61 2.25 2.78 4.50
#:cnel 600 £98.34 0.67 1.14 0.70 1.18 1.89 1.97
LE 51410 50.49 1.86 3.69 3.95 7.81 . 5.21 11.05

Averages: 2.80 459
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La mixima resistencia 2 la tensién y ¢l médulo de clasticidad para cada polimero son:

Resistencia Modulo de
a la lensiin elasticidad -
Polimera * (psi) (kst) Erstructura
Polictileno BD 3000 10 Allamente ramifi+

cada, amorfa con
meros simétricos
Polictileno AD 5500 180 Amorfa con meros
simétricos pero ¢scasa
ramificacion
6000 220 Amor(a con pequenos
grupos laccrales de
mctilo
8000 150 Amoarla con grupos
latcrales de henceno
Cloruro de polivinilo 9000 - 600 Amorfa con g,'randcs
itomos de cloruro
como grupos laterales

Polipropileno

Poliestireno

S pucde concluir que

(2) La ramificacion, que reduce la densidad y la compactacidn de Jus cadenas, reduce las
propicdades mecinicas del polictileno.

(b) ARadivndo §tomus o grupos difcrentes del hidrégeno a la cadena, se incrementan la re-
sistencia v Ja rigidez. El grope metilo en ¢l polipropileno proporciona alguna mejoria.
¢l anillg de benceno del estireno proporciona mejures propiedadcs y el dtomo de clorure
e ci cloruro ce poiivinilo proporciona una gran mujora ¢n las prapicsades mevdnicas

Resistencia Modulo de

a fa lension Elnngacion elasticidad
Polirere (psi) (%) (ks1)
Termoplisticos por adicién lincales 3000-12,000 5-800 +0-600
Termoplisticos por condensacién lineales 8000-17.000 10-300 250-600
Polimeros termeestables 4000-15,000 0-5 500-1,600

Los polimeros por adicién lincales tienen la menor resistencia v rigidez pero la mayor
ductilidad. Los termoestables tiencn la mavor cesistencia y rigidez pero san [ragiles. La
mayoria de los terinoplésticos por condensacién linealcs ticne propicdades intermedias: su
estructura molecular ¢s normalmence mis compleja que la de los polimeros por adicidn,
pero no estin ligados en forma cruzada como los termoestables.
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TABLA 12-2

Grupos WNCIONQIOS PArQ YOIios pilind us IS ILIGTNIU LGS

Modulo
Resistencia de
) ala m!n'o'n . fla:h'::_'dad Densidad
FPolimero Estructura (psi) Elongaciin (%) (ks1) (g/em’)
|
(@]
H H
Fendlicos 5,000-9,000 0-2 400-1300 1.27
H H
H
H H
 Aminas Nt 5,000-10.000 0-1 10001600 1.50
= e [
C
P x/ \.\' Melaming
| i
H C ¢ H
NSNS NS
N N N
/ N
H
H (@] H
|
N—C—N Urea
/ N
H K
Sy s Cm b i— 3000= 300, S R 23
H < | / 0\ / &
AN
. N Ne—i—ct—c £.000- 13,000 0-6 100-500  1.25
7
H H
L
Uretanos H—O—é-—-;l\'—R—N—-'(I:»—O_H 5.000-10,000 3-6 k.30
i H -
H
e
H (@)
N/
H C
Furanos C=c< \H 3.000-4,500 1530 35
l 0
C=C
/7 N
H H
I H
H_«I.l-n
Silicones __s,.-o—.?—o— ¥ 3,000-4.000 0 1200 1.55



TABLA 12-4

Unigades repetitivas y propledadas da algunos elastomeros

BN

Silicon

Resistencia
a la tengion, . Densidad
Polimere Eutruciura {pii) Elongacion (%) (g/em’)
7
.. H H-C-~H H H
Poliisopreno | [ [ 3000 800 0.93
H H
H H
Polibutadicno ...__c_.c.:,c_.(l:._... 3500 0.9
[ T
H HHH
1 e
1? H~C—H H Plf l',‘i H-—?—H
Potibutilens (I:-————('==-=-(|:—-(i:-r-(]:-——(i‘, - 4000 320 0.99
G HiH H—C—H
L& L
= L :.-: T
Seficloropreno A $500 800 24
(neopreno) [ = |
H H
ISR
Butadieno-estireno A 600-3000 600-2000 1.0
{caucho BS o SBR) B (,:"C“C“f'l'f"c—"‘
H HJH é
SRR
Butadieno-acrilanitrilo ?“C'-C—-(i: CI:—‘?-- 700 100 1.0
H HJ,H C=N
H
| | |
H—C—H H-?-—H H-—-C—H
----—-O-—-éi-—O——-Si-——O\gi_.... 3501000 100-700 1.5
|

——
———

H—C—H H—C~H Het—H
H H

.

|
H



o

Mddule
Retistencia de
Polimers E a la tension elasticidad Densidad
struclura {ps) Elongacidn (%) (ksi) (g/em?)
Poliimida 11,000-17,000 8-10 300 1.39
0 H (o]
L I
'
. -—N\ N "
A
H H H
L H T
TABLA 42-3

cadenc complicadas

Unidades tepetitivas y propiedades para lermopldsiicos lipicos que lienen esiructuras de

Miduts
Reststencia de
a la fensiein dlasticidad Denvidud
Pulincen Fteictura (pri) Elangaciin (55) {hai) (uleam’)
Ty 0 | ' '
Poligter e C—Q—C—0O0—C—0—  $,500-12,000 25-75 520 1.42
{acctal) | | |
H H H
P—:)li_amli:.ia 11.000-12,0C0 50=-200 100-300 1.14
fnvien
- s A soEoE o= s B2 HE Q=
' 4 b H . 4 i | H
"-.—w'..?-—C—C-—C—C—C—N—C—C—C—C-——C—C—.\'-—“-
R T T
4 HH HHH HHHH
Poliéster 8.000-10,500 50-300 400-600 1.36
(dacron)
H Q 9] H H
| i 1 P
—(':—O—-C C—O-—-(‘:—'(I:—O—""
H H H
Policarbonao 9,000-11,000 110-130 300-400 1.2
T N T S
H—-(lz—'H cn) .
Dot
H—?—H
H
Celulosa 2.000-3,000 5=50 200-230 1.30
H H
| |
¢ 3
H & 7 H
™~
SATAY
\ N/
i
H—C—H
A
(o)



" TABLA 12-2 Meros y los propiedades de clgunos lermoplasticos producidos mediante pollmerizocion
por adiclén

. Madulo
Resistencia de
) a lg temsiin . dalicidad | Dewsidad
Polirnere Estructura (pei) Elungaciin (%) (ki) ° (g/om’)
L. H H
Polietilena P
baja densidad (BD) srm C—=C—--- 600-3,000 30-800 15-40 0.92
alta densidad (AD) I 3.000-5,500 15-130 60-180 0.96
H H .
i 7
Cleruso de polivinilidene  cree C—=Comre 5,000-9.000 2-100 300-600 1.40
|
H H
H H
Polipropileno —l‘: ti'--'" £:000-6,000 BEAN 160220 ARt
H H—(I:_H
H
H H
Pihestirenc =L =L ERUELS ARV = A
H N
~
H H
P
_C_(I:...
Polimeriimeiacrilato I-I{ Cu=O 6.000-12.000 -3 350—450 1.22
(Plexiglass acrilico) [
i
H—C—H
|
H
' §
Clorura de polivinilo S . 3.300-3.000 160-240 50-40 1.15
Lo
H Cl
F Cl
Policloronicoroctilen L L 4.500-6.000 80-250 150-300  2.15
| |
F F
F F -
Politetrafiucroctileno i | 2,000-7,000 10Q0-400 60-80 2.1
(refion) _-?-—(i:_




[ pronreoan

FIBAS UATURALES FIEPAS ARTIFICIALES (ORGAMICAS) | FIBRAS .
ME LA FIERA | vegeracs MIRALES ConnENsacion | Aorcion |ARTIFICTALES
. INORGANICAS
HONMAE NG F1BRA N_GODON LANA SEDA HILON TEAYLENE | POLIETILENO| VIDRIO
Frarotna .
(ln1DAD MONOME CeLuLosa QUETRAT tHA Y, Mioa ESTER . Evieeno 8102
SERICINA
AFSISTENCIA: . ’
A) ALCALLS ALTA AALL BAJA ALTA REGULAR BUENA' MALA
7 gg#xg';zgi ALTA ALTA ALTA REGULAR REGULAR REGULAR BUENA
) AC1003 BAJA RYJA RAJA DAJA aécumn BUENA BUENA
) monsng REGULAR RES A1 RAJA ALTA ALTA ALTA ALTA
£) INSCLTOS LRI BAJA HASA ALTA ALTA ALTA ALTA
IrUS LAY L0 arend | 132 een’l 122 | Llaere®]l 113 | 0.50.2000) 2527 wcd
|aincasencra 1.2 7-3.57% o ' ok ; 52 CAST il LR, :
! HEN ' [rave mo 1 ]
LD e 12-63m | 35353 |73 7€ 1000 5516 |
-
o oS0 HE a2 kesent 1 ke |3.70ka/cn? | 50-T0xs/cnl
RES[STEHCI'\ !\ L Y [y )
g et A R 24 4.90 5.0 4,900 400 | 21.00
TEMPERATURA MAX, - 7
DE TRARA ) OC 100 1) 200 210 220 70 750
DIAMETRN 20 16-51) 8-15 ]
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TABLA B.3. PROPIEDADES MECANICAS DE LAS ALEACIONES LIG-ERAS NO FERROSAS*

Resistan. Rest ::t‘:::; Naome- ,rmd te de
cia o la esfsten- Porcleatof Reslisted- | ro de [fAEgapary o
e Composlcidn cedencla cia a la cldadaJ de elon.| cia o1 |dusezs| flexiones I‘b;‘?'
. aproximada, tensidn, vert] rly
pot tensiéa. PEeclén en| corte, de [Fevertidac
pareentals tenaldn.t | Mo/pler| 3% 2 plg | Wrplgt | Rock.| Ib/ple’
1b/plg \b/plg? Sl well
Aleacidn de aluminlo 2034: Aluminie §3; vobre 4.5; N *
Temple 0 magnesle 1.5; manga- { 11 000 27 000 10.8 ' 18 000 Huo 13 000 0.100
Temple TI6 l neso 0.8 47 000 72 000 10.6 13 42 000 -11] 18 000 0.100
Aeaclén de aluminio 2014: . . .
Templa O } “"E:."::‘;;s'm‘;:’::n::' { 14000 | 27000 | 10.0 18 15 000 | Moz | 13 000 2308
H - 2 &3 1 .
Ternple TE 0.8: maxnesio 0.4 "a? 000 70 000 10.¢ 13 42 €00
Aleicion de aluminfy 5052 096
Temple 0 Aluminie 97; magnesio 2.5; { 13 000 28 000 10.0 30 1a0c0 | Wez | 16 coo 0
Temple H38 } cromo 0.25 a7 000 42 Vo 10.0 . 2¢ 000 | Ez3 | 20 coo 0.0u6
Aleacién do aluminio 5456: 2.
Temple 0 ] “s“gf"’::.:":"':“g‘:":o_ l 23000 | 45000 | . 24 78 000 o | e | 003
Temple H321 e GAT. oot 0.0 37 000 St 000 16 0 P .
Aleacién de aluminio 7075:
Temple O Aleactén 90; cinc 3.5; o3
Temple T6 ] cobre 1.5; magneslo 2.5; [ ;5 g ii gx : :I fg g ﬁ?c‘ 23 000
Aleacién de magnesio AM100A stemy 83 4
Fundleldn, condiclén F 3 N
Magnesio $0; aluminio 10: 12 0N 22 QU0 6.5 2 1% 000 Eil 10 000 Q.06
Fuadiclon, condiclin TG l manganeso 0.1 { 22 U0 40 000 6.3 ] 21000 | B0 | 1woo0 | 0.0¢8
Aleacién de magneslo AZEIA:
Fundleién, condicién F } Magnesio 91; aluminio 8; 14 000 29 000 6.3 i 18 000 EM L1 000 0 0nf
Fundicidn, condicién TS cine J; manganeso 0.2 { 1v 000 0 000 G.3 3 20 000 E33 il 000 0.0
Propiedaces alasticas ce matarizles rapresentasives,
atemperatlura crdinaria
Madulo Rigidez especifica
Youry Belacicn E’a.
Materia! E. 10" Nim?*! de Poisson.» 108 N+ mikg?
Gratito 180 3000 TABLA é-3  Reiccidn enlre el
Cristzles de Al;Q4 {zufirel ¢ médulo ce elcsticidag y1a .
[IOTOI 230 380 lempcraiuzg de fusién dae o melcies
(1120) 125 310 Tengeaatziz de Mdslo de
[00C1) 48 120 Suivz elertrvidud
Boro 43 0.21 190 Mcia! () (£i)
Carhuro sinterizadn W (I 63 .5 4R
Vitrec-cerdmico 10 .23 9 Pl g 2.0 % 10*
L ] fedord - x ATl
Videio de silice g 0.24 32 Mg 450 B3 X Il
: - 5 i Al oG 0.0 x 9%
Aleaciones de aluminio 7 n.53 26 A 962 0.4 s 1o
7 0.28 9= L ) 1.3 x lJ_
Acecu, 20 2 <2 Au 1064 11.3 ¢ 109
Tungsteno il n.2e 21 Cu 1035 18,7 % U6
Madera (tipicalk: I Ni 1453 29.9 x 10°
longitudinal§ -1 ~0.04 16 I’\-': i-”:;") 3‘5’2 : ‘0_:
radial 0.07 ~0.3 1 M ot ;"5 .
. L) Iy 1% at
tangencial 0.06 ~0.35 1
Aleiciones de cobre 12 ¢33 i3
Nilon (ny:lan) 0.3 0.43 K]
Folietileno 0.04 .03 0.4

4% x 104,

1Para convertir
401,

tPara convertir Nim? en kgl/em?, multipliquese por 1.620 x 10~% y en l/pulg®. por

N mkg en kgl - m'kg, multipliquese por 9.80 y en !h - pulgilb,,, ...




TABLA 13-2  Piopledades de olgunos malariales relorzados con libios

Rantenria Muddulo de Trmpetatuta Mddule Hesistencia
LDensidad # le iensiin elasticidad © dr fusion e1pectlicw eperifica
Material (trem’) (ki) (n 1F psi) (') (% 10 ple)  (x 1A ply)
Vidrin K .53 200 10.% <1728 1.4 5.6
Yidrio § 2.50 630 12.6 <17¢5 14.0 7.2
SOy 2.19 B350 10.5 17248 1.3 10.8
AlLO, 315 300 230 2015 219 2.6
rA e 4,84 100 - 30 2677 2848 1.7
Cralite HS 1,50 400 40 3700 74.2 74
{adia resistencia)
Cralito HM 1.50 270 17 2700 148 5.0
(alio médylo)
BN 1.90 200 13 2730 14.8 2.9
Born 2.36 500 55 2030 4.7 4.7
L& .36 330 70 2430 ‘ 82.4 19
SC 4,09 ane s 2700 47,2 2.2
Tiihy 4.48 13 74 2940 $3.3% Dk
- Be 1.83% 135 44 1277 7.3 2.3
a1 19.4 380 39 3410 3.5 0.3
Mo 10.2 320 32 ’ 2610 141 0.9
Kovlar 1.44 323 14 bS] 10.1
I hirkers
de ALY, 194 Jou0 62 1942 415.4 21.0
e 3el) 243 1500 50 2530 48.5 18.5
du B, 2.52 2000 . 70 2450 76.9 22.1
de SiC 3.8 000 20 27300 6.8 26.2
de Si,N, 513 2000 55 . 41.8 17.5
de grutio 1.66 3000 102 . 3700 170 50.2
de Cr 1.2 1290 L1 1850 154 4.9
de Cu 8.92 427 I8 1083 LY.} 1.8
Abagacha a1, | Hoootenaan, " S ann al Prgasim sad Filee Reinksved b, Compeid Ksgrmerrag Lominsds, 0ol Lo, it ez, Tae ML

Prves, 12mvi
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PARTE 2 — CzriMmicas (Tomados de medios numerosos)

- ®, . ¥ 7 i "
?ﬁ’d"f::”d’d- Expansién | Resistividad ~ | * Médulo de.
en -
M ial Gravedad calem térmica en eléctrica en elastcidad
atert especifica §——— plg/plg/°C ohmem promedlo,
*C-emiseg a 20°C} a 20°C} lb{plg' a 20°C
a 20°C* ~
e . | — —_— _E::_- — — —_—— N s
ALO, 38 0.07 £ 5% 10-° - 50 X 10
| Tabique
Edificio 2.3(=) 0.0015 5% 10-9 . - e
1 Arcilla fuego 2.1 0.002 2.5 X 10-¢ 1.4 X 108 —
i Grafito | 1.5 — 3 X 10-8 —_ -
Pavimento 2.5 — 2% 10— —_ -
Silice 1.75 0.002 — 1.2 x 108 -
Concreto | 2A4(x) 0.0025 7 % 10-¢ - 2 X 10°
Vidrio
Plancha 2.5 0.0018 5% 10-9 1014 —
Borosilicato 2.4 0.0025 1.5 X 10-8 - 10 X 10°
. Silice 2.2 0.003 | 0.3 X 10-¢ 10%0 10 X 10"
Vycor 2.2 0.003 0.35 % 10-8 — -
Lana 0.03 0.0006 -— — —
Grafito (bulk) 1.9 — 3% 10-0 10-3 o 1 X 108
MgO I 5.6 — 3x 10— 10% (2000°F) ' 30 X 10
Cuarzo (SiO,) | 285 0.03 ! TX 10-¢ — 13 X 10¢
SiC | 317 0.029 I 23X 10-° 2.5 (2000°F) —
TiC | 4.5 | 007 i ixw0e 50 X 10-¢ 50 X 106
PARTZ 3 — MATERIALES 08CANIcos (Tomades de nwmerosos m:é.‘.cs)._
: C??::(::Lﬂj: ¢ Expansion - Resisuviozd Médulo de |
A Gravedad S5l térmica en elécrmica en ’ elasdcidad
Matena especifica - plg/pig/tC | ohm-cm ; promedio, !
- *C-cm?'seg a 20°Ct | a2n°c: i Yo/plgs a 20°C ;
1 a20°C* . | :_ '
Melamina-formaldehide | 1.3 ' 0.0007 © 13X 1078 1019 13% 10° |
1 ! ~ :
Fenol-formaldehido | 1.3 0.0004 40X 10-° 10'2 0.5 X 108 |
Urea-formaldehido [ 15 0.0007 i 15X 10-9 10'2 15X 108
Hules (sintéticos) ’ 1.5 0.0003 . —_ —_— | 500-10,000
Hule (vulcanizado) I 1.2 0.0003 : 45 x 10-° DA 0.5% 109
Polledleno 09 0.0003 : 100 X 106 10!3 —
Poliestireno | 10 00002 i 33X 10~ 10'8 | 04X 108
Cloruro de polivinilideno l 1.7 0.0003 ] 105 X 10-¢ 10"3 005X 10%
Politetrafluorcetileno i 2.2 0.0003 ! 35 X 10-¢ 10t : —_
Metacrilato de palimedlo , 1.2 0.0005 . §0x10-¢ 10! ! 0.5 X 109
Nylon R RE 0.0006 P 55X 1074 1014 I o4x10% |

i Multiplicar por 0.806 para teoer Biu-plg/'F-pict.seg. t Multplicar por 1.8 para tener etn/em/*C. ! Dividir entre 2.54 para tener ohm.plg.
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TABLA 10-8 Designociones de grado de endurecimlenio para aleaclones de cobre

Hxx—=(rabajada en frio. (xx indica ¢l grado de¢ trabajo en frio.)

Reduccién porcentual en
capesor o didmetro

HO! § dura 10.9
H02 § dura 20.7
H03 { dura 29.4
HO4 durz i
HO6 extradura 50.1
HO08 de¢ resorte duro 60.3
H10 de resorte exira 68.6
H12 de resonte especial 75.1
Hl+ de superresorte 80.3

Mxx—tal como 3¢ manufactura. (xx se reficre al tipo de proceso de fabricacién.)
Oxx—recocida. (xx designa el métode de recocido.)
OSxxx—reccocida para producie un tamaiio panticular de grano. {xxx se reliere al didmetro del
grano en 10° mm. Por wanto, 035025 senalaria un didmetro de grano de 0.025 mm.)

TB0OU—iratada por solucién.

TF00—endurecida por envejecimiento.
TQxx—templada y revenida. (xx da detalles del tracamivate térmico.)

TABLA 40-9 Composiciones.

propiedades y aplicaciones de glgunas cleaciones de niguel y coballo

Rethiencia Eyfuerze de )
a la (enyidn Jluencia Elongacion
Mouterial (psi) (;i) (%) Aplicaciones
Ni puro {99.9% Ni)
Recocido 30,000 16,000 45 Resistencia a la
Trabajado ¢n [rio 93.000 9G.000 4 corrasién
Monel 400 78,000 39,000 37 Vilvulas, bombas
{Ni-31.5% Cu) cambiadores de
Supecraleaciones de Ni calor
aswelioy B-2 130,000 60,000 61 Resistencia a la
(Ni-28% Mo) corrosidn
MAR-M246 140,000 125.000 5 Motores de reaccidn
{Ni-10% Co-9% Cr-10% W + Ti. Al, Ta)
DS-Ni TLU00 $3.000 14 Turbinas de gas
{Ni-2% ThQ.)
Superalcaciones de Fe-Ni
Incoloy 800 89,000 41,000 37 Ca:mbiadures de calor
{Ni-46% Fe-21% Cr)
Superaleaciones de Co
Havnes 25 135.000 63.000 60 Mutores de reaccién
(50 Co-20% Cr-15% W-10% Ni)
Estelita 6B 177.000 103.000 4 Resistencia al desgasie

(60% Co-30% Cr4.5% W)

por abrasidn

Daton de Moals HHondbnad, \'Wl. 3, Ya, o,

Amrcrnan Sty b Motah, 1901




TABLA 10-4  Eleclo de ios mecanismos de endurecimlento en el aluminio y en las aleaclones

de aluminio
Resitioacia Esfuerzo . ..
; & {8 tension  dr j{umﬂh Elongacign ~ Etfurzo de fluemcia (aleacicn)
Alaterial (psi) (psi) (%) Esfuerzo de fluencia (pure)
Aluminio puro recocido 6,300 2,300 60
(99.999% Al)
Aluminio puro comereiid 13,000 5,000 45 . 2.0
(recocido, 995 Al) L
Endurecido por solucidn 16,000 6,000 15 2.4
sélida
(1.2% Mn)
Aluminio puro trubajade 24,000 ¥2,000 15 8.8
cn frioun 75%
Endurccido por dispersidn 42,000 22,000 35 8.8
(5% Mg)
Endurecido por .
eavejecimiento 83,000 73,000 11 29,2

(3.6% Zn-2.3% My)

* Datos modilicados de Meeh Handbook, Vol 2. 9u. «d., American Society far Metals, 1979,

TABLA 10-7 Propiecades de cleaciones tipicas de cotre opleniccs per dilerentes meccmsmos ce

endurecimienio
fesignacian de Resistencia Esruerso dr £ignga-
grade de a la lensicn Sluencia ciin Mecanismo de
Material endicrecimimio (psi) (pss) (V) endurccimienio
Colire puro, recocicdu 30.300 4.300 60
Cobire comercialmente puro. 05050 32.000 10,000 55
recocido para engrosar
vl tamaio de grano
Cobry vomercialmente purn, 05025 34,000 11,000 55 Tamaiio de
recocido para alinar grano
cl 1amJddo dv grane
Cubre comercialmente puio, HI0 . 57,000 33,000 4 Endurecimicnio por
trabajade en [rio delormacidn
Cu-33% Zn recocido 05030 47,000 15.000 62
Cu-30% Niwal comoa se Mbriea M0 35 000 20 600 -1'1] Soloeiae sdlida
- A
Cu-J2% Zn wrabajado en (riv H10 98,000 63,000 3 Solucién
sdlida +
Cu-30% Ni trabajado en [rio H80 84.000 79.000 3 Endurecimicnto por
deformacion
Cu-2% Be endurecido por TFGO 190,000 175.000 4 Endurccimicnto por
envejecimicnto envejecimicnto
Cu-Al 1einplado y revenido TQ50 110,000 - 60,000 5 Reaction
martensitica
Manganeso bronce fundido F 71,000 28,000 30 Rcaccién cutectoide

Daun de Virals ilaadbeet, Vi, 2, Y3, ., Amerwan Sty b Mavab, 1979,




TABLA 10-2 Sistema de dasignoclon para las aleaciones de cluminio

Aleaciones para forja

Ixxx Alum, comercialmenic puro (>99% Al) No envejecido

2xxx  Al-Cu Endurecible por envejecimicnto
Ixxx  Al-Mo No envejecido
dxxx  Al-Siy Al-Mg-Si Endurccible por envejecimicnto

si hay magnesio presente

Sxxx  Al-Mg No envejecido
6xxx  Al-Mg-Si Endurecible por envgjecimiento
Txxx  Al-Mg-Zn Endurecible por envejecimicnto

Aleaciones fundidas

Ixx.x  Alum. coirercialmente puro No envejecido
2xx.x  Al-Cu Endurccible por envejecimicnto
Jxx.x Al-Si-Cu 6 Al-Mg-Si Algunas son endurccibles por
) cnvejecimicnio
txx.x  Al-Si No envejecido
Sxx.x  Al-Mg No envejecido
7xx.x  Al-Myg-Zn Endurecible por cnvejecimicnio
8xx.x Al-$n Endurccible por envejecimicnin
TABLA 40-3 Propiedades de clgunas aleaciones de aluminio
Reststencia Esfurrze de
a lo tmsign fluenciz Elunpacivn
Airacins {ar1) ipai) {Se) Comeniar:y:
Aleaciones para forja no tratabies
térmicamente
1100-Q >99% al 13.c00 5,000 40  Componentes eléciricos, hojas
1100-HI18 24,000 22,000 ] metilicas finas {*'papel’’),
3003-0 1.2 Mn 16,000 6,000 35 rusistencia a la corrosidn.
3003-HI18 29,000 27.000 7 Lacas para bebidas, aplicaciones
4043-0 52 S 21000 10.000 22 arquitectonicas.
3056-0 5% \Mg 42.000 92 000 35 Moecal de relleno en soldadura,
5056-H18 60,000 50.000 15 recipientes, componenics
Aleaciones para forja tratables marnnos.
térmicamente
2024-Q 4.4% Cu 27.000 11,000 20
2024-T+ 63,000  47.000 20
103276 12% Si-15% Mg 55.000 15.000 9 T'ranspories, aerondutica,
_ 6061-T6 1% My-0.6% Si . 13.000 40.000 15 asirondutica y otrus
T7073-T6 5.6% dn-2.5%% My 83,000 73,000 11 aplicaciones de alia resistencia.
Alcaciones para fundicién
295.Th 4.5% Cu-0.4% Si JH.000 24,000 5 Arena
319.F 6% Si-3.5% Cu 27.000 18.000 2 Arena
34,000 19.000 L35 Mualde pennanente
356-T6 7% Si-0.3% Mg 33,000 24,000 35 Arena
33,000 27.000 3  Alulde pennanenie
380-F 8.5% 5i-3.3% Cu 46,000 93,000 3.5 Molde permanente
390-F 17% Si-4.5% Cu-0.6% Mg 41.000 35,000 1 Cuoquilla
443-F 5.2% Si 19,000 3,000 8  Arena
23,000 9.000 10 Molde permanente
33.000 15000 9  Coquilla
718-T5 75% Zn-0.7% Cu-0.35% My 30,000 22,000 4 Arcna

Datrw medificachs Jde Alctaly Handbowd, Vil 2, Y3, o)., Amerivan Suciery b Metah, 1979,




TABLA 10-10 Propledades de algunas aleaciones de tilanio z
Resistencia Esfuerzo de A
: a la lension Sluencia Elongacion
Material (psi) (psi) (%)
Titanio comercizlmente puro
99.5% Ti 35,000 25,000 24
99.0% Ti 80,000 70,000 15
Alcaciones Ti alfa o
5% Al-2.5% Sn 125,000 113,000 15
Aleaciones Ti beta . o
13% V-11% Cr-3% Al 187,000 176,000 5
Aleaciones Ti casi alfa
8% Al-1% Mo-1% V 140,000 120,000 14
6% Al-4% Zr-2% Sn-2% Mo 146,000 144,000 L
Alcaciones Ti alfarbeta
8% Mn 140,000 125,000 15
6% Al-4% V 150,000 140,000 8.
Datas de Meials Handbows:, Vol 3, 9a. «d.. American So Wiy for .\h'l.}{». E;;”.: b i
TASLA 10-11 Propiedades de metales refractarios 2
Temperatura ambrenie T = 1000°C
- Temperatura Resisvtencia  Esfuerzo de Resistencia Esfuerzo de
de fusivn Deztsideed a lu teasiin Muencia Elunzacion a la tension MMuencia
Metal ("C) (2dem’) (i) (i) (%) (bst) (bai)
No 2470 3.5 413,000 20.000 B3 17.000 3.9c
Mo 25i0 ):28 R L 30.C0C 19 30,000 20,000
T3 2ceq 3 50.000 35,0G0 25 27.0C0 21.0C0
W 3310 902 300.000 220,000 3 66.000 15.000
PARTE 1 — METALEs (Tomados de medios numerosos)
1 1 [ 2
i i
! i Concuctvidad | Expansién | Resistividad Médulo de
A : :::c" térmica ! eléctrica en clasticidad
Material I Densidad e plg/plg/°F i ohm'em promedio,
! *C-cm3seg a 20°Ct i a 20°C? Ib/plg? a 20°C
| a 20°C* |
— - — = e —
inio (99.9--) I 2.7 0.33 12.5 X 10— | . 29X 107 10 X 10%
aciones Al ! 2.7(+) 0.4(=) 12X 10~¢ | 3.5 X 10-%(+) 10 X 108
t6n(70Cu-20Za) 38 0.3 11X 10-8 i 6.2 X 10-% L 16x 108
nce (95Cu-55n) i 8.5 ! 0.2 10 X 10—* | 9.6 X 10-¢ | 16 X 108
(99.9+) e i 0.95 93X 10-¢ 1.7 X 107% i 16 X 10°
(99.9+) i 7.87 0.18 6.53 X 10-¢ 9.7 X 10-% : 29 X 10¢
0 (99+) BRLE RS 16 X 10-¢ 20.65 X 10-¢ ’ e :g:
-8 -8 6.5 X
esio (99+) , )l 4 I 0.38 14 X 10_5 4.5 X l('.‘_6 ! ag 5 108
P 0.06 8§ X 10 48.2 X 10 i3
el (70Ni-30Cu) -y 10 X 10~ 18 X 10-¢ l 11 X 108
ta (sterling) | 10.4 10

e — e — —— -



TABLA B.1. PROPIEDADES MECANICAS

DE LOS METALES
NO FERROSOS *
Méduls . oy
ot | Rataecs | o dutiete | Bosgatdn | N8| e
Meial ettty 1y tearife) dad e a 3l 16/ples
por Umslén ) g/pgt | pnstge, | percestae by
W/pit® 10° 1b/pl3? Bictaell »
Cobre, 0.25 pig promsa:
Recockdos prano & 0.05 mam | 10 000 32 000 16 45 47 0.320
DY asvsowanit iashaan 45 000 50 000 16 12 105 0.320
Niged:
Boledo @ allate......... 25 000 75 00 30 45 110 0.310
B 40 ......ccivoanes 120 000 | 140 000 30 2 0.31v
Clae:
7T O e [l e 6 0co 1 1 0.260
Liola rolsds dora ....n... s 000 24 000 12 as 0.260
Alcaizls:
Yaclsde ea wex, 1100-F,.. G 000 11 000 9 24 : 0.097
Uniza recosids, 1100-0 . § 000 13 000 10 35 o 0.097
Lieles dor3. 1100-RIS,,,.. 21 000 24 000 10 5 44 0.097
Magnesio:
[T R £ 600 13 0C0 o 6 30 0.063
L 1T R S 1 200 25 000 6 8 as 07cn3
T R A e 3 000 25 000 [ 4 40 0.063

TAZLA 5.2, PROPIEDADES MECANICAS DE

LAS ALEACIOMNES PESADAS NO FZRROSAS *

esisten- Médulo |Porcien- :
%ﬁa il Resis- |de elasti- o Resis- Muime-
Composlcién tencia idad tenc 10 de P
Aleacién aproximada, cc?c::cia ala pocg ten-| elonga- ar | dureza m/e;fs'.
porcentajes pﬁén. ?' tensién|sidn, 10¢| cién en | corte, R?C}" '
Ib/pigs i 1o/Plg® [1b/plg: | 2plg | lb/plgz el
ulllén q:ra corte libre: : ,
ecocido 3 15 100 49 (MK 12 53 30 000 | F6R .30.
Y duro 15% de reduccién } Coxs Clo e [ 45 0 | 56 000 12 20 Saol e | OB
Medio duro, 25% de reduccién i 32 000 | 68 0o 14 13 38 000 | Bxo 0.30
t6n con alto contenido de plomo
(0.04 plg de grueso):
Recocido. grano de 0.050 mm } Cobre 65; cinc 33; l 15 000 47 000 12 55 33 000 | Feo 0.30
Extraduro plomo 2 62 O 85 (00 15 3 45 000 | Ds7 0.30
lr‘én -ro&o o4 phé deo g_:,'geso): 10 000 39 Ono 12 48 3l (X F
ecocido, grano de 0. mm}. > = 8 i "6 0.31
s exira duro }i Cobre 85; cinc 15 { a7 hoo | 78 o 15 4 oo | B | o003
ronce al aluminio: ! : ,
Yaclado en arena ’ Cobre 89: aluminio { 23 ) 73 000 3 e el AR Ol [ 0n.an
Extruido 8; hierro 3 47 S0 1 B2 (kK0 18 ST SR e 0.320
re al berilio:
A (solucién recocida) } Cobre 97:9; berillo 1) ....... 70 M = I8 % B I B6t + 0.32
H.T. endurecido 1.9; niquel 0.2 150 000 ! 200 000 18 2 s Cs2 0.32
tonce 2l manganeso (A): Cob
re 58.5; cinc 39; . ; ;
¥ A » 40 000 65 0o 14 13 42 000 B635 0.39
. e o 1°% dg] g o [ 60 o0 | 82 oo 15 25 47000 | Bun | 030
acs laé e 5? (c‘; 3::35 : B | 40 uun~ 1 3 .32
cocido, grano de Q. mm} ¢ = 2 $ g et TR R B33 i
Busaduro, grano de 0.015 mm i Cobre 05 estano 5 |{ 33 0k | 93 G i7 TR o Ba | 052
Ero quel, 30% :
id 1 400°F. nado 3 20 MW 55 000 22 LR e Bi7 0n.32
B Bio S0 de remcignado || cabre 70; nfquel 30 { 7000 | &0 | 5 E BSL | 0.32

- e wes o=




TABLA 10-14 Composiclones y propledades de olgunos aceros Inaxidables
. Resistencia Esfuerza &
& la temsion Sluencia  Elomgacicn
Acero % C % Cr % M Otras (1) (i) (%)
Austenfricn
201 0.15 16-18 35-55 5.5-7.3% Mn 95,000 45,000 40
304 Q.08 18-20 8.0-10.5 75.000 10.000 30
304L 0.08 |8-20 8-12 75,000 30,000 10
521 n.08 17-19 9-12 Tih x % C) 35,000 35,000 45
347 0.08 17=-19 9-13 Nb (10 % % ) 90,000 . 45,000 50
Ferrltico g
430 0.1 16-18 65,000 $0,000 22
442 0.12 18-23 75,000 40,000 20
Martensltico
416 0.13 12-14 0.80% Mo 180,000 140,000 18
431 0.20 15=17 1.25-2.30 200,000 150.000 16
440C 0.95-1. 16—-18 0.75% Mo 283,000 273,000 ?
Endurecimicnto por
precipilacion
174 0.07 16-13 5-3 0.13-0.45% Nb 190,000 170,000 10
17-7 0.69 \6-18 6.53-7.8 0.75-1.25% Al 240,000 230,000 6
Mudilicacs 2 partir de Vrali {leadbeat, Yol 3, Y. (., Aowerwan Nea wy hw Meals, 110 "
TABLA {0-45 Propledadas represanictivas de tundiclones tiplcas
Resisteicia Esfuerzo de
@ la lenzicn Jluencia
Clasificacion (ps1) (psi) d
Clase 20, [undicién gris 12,000-40,000 <l CE> 4.2%
Clase 40, lundicidn gris 28,000=34,000 - <]l - CE<4.0%
43018, fundicién maleable 53.000 35,000 18  Ferrita
90001 . Tundicion maleable 103,000 90,000 | Martensita revenida
60-40-18, fundicidn ductil 60,000 40.000 i8 Ferrita
120-90.02, fundicidn ductil 120,000 90,000 2  Martensita revenida
Fundicién de grafito grade B 50,000 40,000 | Ferrita + perlia

compaciada




TABLA A.2. PROPIEDADES MECANICAS DEL HIERRO Y DEL ACERO*

T, e e ' Yo -
Resistencia al l
IREI‘!Q‘HG‘I a Raslstencia corte por m& de 1 %
, up.mlpl‘. a la torsién, 10 thplg Porcleato | Nimero , —
cedencla kips/ple? de elon- ~.de |Médulo de durl.clén.
Material ! por e ipeme] E3cién en | dureza | fenacidad
! Resls. m’“'“‘f Rests. [ 2 pls ds I>-plg/pig lnvuﬁd
[ ala | Uide | Kpo/plg' 1 TEYE | UL | wengisn | Corte Brinell u:u/yl.?
+ ceden- | ma at| =8 2
L R SR B
B s ..o eieianens I 20 3s a7 15 [ 1 130 %0 b -1
BRFundicldn blanca .......c00000 vl o 100 T 60 20 3 . 400 .
Tundlclén al ziquel, 1.5% "do ‘mf.! : £ -
B S = Muie oo 4% & 3.ala 5y I O G0 20 8 1 200 i i
fllero maleabls ....... o %0 3 19 43 25 10 14 i ! 20
Hlerro en lingotes, recozido. 0.025% H ;
BEERIDON0. .. ipovnianreinianns - ([ e 21 | kL) 12 45 107 1 .5, 1 26
N Hlerro forjado, 0.10% de carbono.: 30 ; %0 30 T T 1 27 10 30 100 13 co0 25
Acero, 0.20% de carbono: 1 X ; !
Rolado en caliente ......... S8 e b0 Rl SRt 40 "t 45 30 12 as ! 120 16 300 3
Rolado en frfo  .......... s 0 80 60 ) R 30 12 13 160 31900 40
| Fundicliones recocidas .......... ORI L 5 21 45 T R 1 23 130 Z
Aczro, 0.40%, de carbena: i | S i ' i
Rolado cn callente ............. 2.4 70 42 23 a3 304 G ool o8 23 135 |
Tratamlento térmico para rmol ; i ‘ n *
{ino Wessssnsssesssssesnunes ; 60 [70] 60 an 75 10 i 13 . a3 : 190 i
Fundiclones ﬂ.‘cncldu ey 35 (i) 35 21 A5 0 ! 12 13 130 [
cero, 0.60% de carbono: 1 5
Rolado en calicote .......... a1 100 | 63 37 80 30 12 13 200 12 302 i g
Con tratamizato B i i A o
Q:o fl “ém“m e .‘.r.'. s 120 ¢ 13 17 100 - A2 13 233 13 000 ]
cero, 0.807; de¢ carbono ! : :
Rolado ea callemte ............ 73 120 1 4 104 o L ] 10 230 ‘
Apagado en aceite, 0o laminado .. | 123 150 ! 123 15 150 3 oy AlepmTy 3 360 !
tero 1.0U% de carbono: 3 i ' ] : I G s -a
Rolado en callente ...........,.. SR 135 ST | RS G ¢ 10 2 3 ra ila000 2
Apagado en aceite, no laminade . 1% el iiC 5+ . 183 2C e ! [ e 2 o0 i
cer0 al piguel, 3.3% de rniquel, : g
040% de curbono. mimima derzza : . | | @
Pra maquinabilldad ........... | 300 i) nea s § 00 | 10 LU 2 1 %0 I [ china A
cero al sll.icom:‘_r‘t‘z:r‘;cw.v 1.35% . i ; 3 i ; |
silicie. 0.707 e Mn, tem-: ' : e i it
dptadn ;laora FEsOTTRR . L L RN 110 1T [ 136 | I R T 30 ; 12 'l ! | o s s

Nota:
me.

—— —iiae e s s -

TABLA A.2. REQUERIMIENTOS PARA FUNDICIONES DE HIERRO GRIS *
!Cnr.:a. de ruptura por flexién el centro, minima, libras
Clase Resistencia
No. i alatensién 0.875 plg de 1.2 plg de 2.0 plg de
1b/plg® didm, claro diim, claro diim, claro
de 12 plg dec 18 plg de 24 plg
20 20 000 900 1 800 6 000
23 25 0G0 1025 2 000 6 800
30 30 000 1150 2 200 7 600
‘ 25 35 C00 1275 2 400 8 300
40 40 000 14C0 2 600 9 100
S50 50 000 1675 3 000 10 300
60 €0 000 1925 3400 12 500

* Basado en ASTM A 48.

La mayoria de los aceros depmdc.n tanto del tratamiento urmico cormo de su composicién para desarrollar propiedades mecdnicas pa:

|
|

o Y vt



e
¥ T
Y - Y —— — c r-l
- : L L
] 4k
R
G
i —_—
Stangard Specimens Subsize Specimen
Plate-Type, 14-n. Wide Sheet-Type, Va-in. Wide Ye-ifi. Wide
in . . in.
G—Gage length (Notes 1 and 2} 8.00 = 0.01 2.000 = 0.005 1.000 = 0.003
W—=Width (Notes 3 and 4) 1% + Ve, =V 0.500 = 0.010 0.250 = 0.005
T—=Thickness (Note 5) thickness of matenal
R—Radius of filet, mun {Note 6) ‘ 1 Va ) Ya
L—0Over-all length, mun (Notes 2 and 7) 18 8 4
A—Length of reduced section, min S Ve 1Y
§—Length of grip secuon, min (Note 8) 3 2 A
C—Wisth of gnp sechon, approxirnate (Notes 4 and 9) 2 ¥, £

NoTe 1-—For the 1%4-in. wide speamean, punch marks for measunng elonga.ﬁon afler fracture shal be made on the flat or pn the edge of the specumen and within the
reguced section, Either a set of nine or more punch marks 1 in. apart, or one or more pairs of punch marks 8 in. asart may be used.

NoTe 2—When efongation measurements of 1%in. wide specimens are not requived, a minimum length of reduced section (4) of 2% in. may De used with all other
dmensions simiar to those of the plate-type speamen.

Note 3—For the three sizes of specimens, the ends of the reduced section shall not difler in width by mere than 0.004, 0.002 or 0.001 in., respecuvely. Also. there may
be a gragual decrease 1 width from the ends to the center, bul the widih at each end shall not be more than 0.015, 0.005, or 0.003 in., respecuvely, larger than the wam,
at the center.

NOTE 4—For each of the three siZes of sDsomens, Narrower widths (W and C) may be used when necessary. In such cases the width of the reguced section shoud
be 2s larce 2s the width of the malena being 1ested permits; however, unless stated specifically, the requirernenss 1or elongation in 3 proguc: specrficzuion shall not apdly
wnen these NATower SoeZimens are vsed. -

Nocte 5—The oimension T is the truckness of the test specimen 2s provioed for in the applicable matenal specmicatons. Minimum thickness of 12-in, wide specamens
shall be Sy an, Maximum tuckness of Yain, 2ng Va-n, wide specimens snal be ¥4 in. and Y in., respeclively,

NOTE E&—Fpr the 1'%:-n. wade sDeCIMen. & Y~ MWW facies 2: e =nds Of the reduced secuon s parmaied for stee! spacmens unaer 130 00 psi in lensx

8natn wnen 2 orofie culier i useQ 10 Mamiune LNe reqused SeIli .

NOTE 7—T7¢ 212 in ODtanNg EXi2' 152N CUNNE 1ESUNT CF rr=if. waOE SDECIMENS, e over-ali lengtn SNoUIC De as large as the matenar wak Dern. Lz 10 8.00 i

Note E—Itis gesradie. if pOSSID2 13 maKe the NI 31 e $ND S50 large enough 10 aliow the soecmen 10 ex1end into the gnos 8 Oisi2nce ecyal IC twe thwts o
wore of tne length of the gnps. It the Uuckness ol Ya-n. wide soeamens is over 44 in., longer gnps and comesponaingly longer gnp secuons o! the sDeamen may o
MLessary 10 prevent failure in the gnp secuon.

NOTE 9—For the three sizes of specmens, the encs of the specanen shall be symmetrical in width with the center ine of the requced section withun .10, 0.05 a¢
0005 .. respectively. However, for referee testing and when required by product specfications, the ends of the Ysin. wade speamen shall be symmemncal wittun 0.0V in

Note 10— Specamens with sides paraliel throughout their length are permitied, except for referee tesling, provided: (a) the above 1olerances are used: (b) an acdequaz
rumber of marks are provided for determination of elongation; and (¢) when yield strength is determined. 2 suitadie extensometer is used. I the fracture occurs at?
astance of less than 2w from the eage of the gnippng device, the tensile pxoperties determined may not be representative of the matenal. In accepiance lesing, if o
properties meet the minimum requvements specfied, no hurther testing is required. but if they are less than the munimum requirements, discard the test and relest

FIG. 1 Rectangular Tension Test Specimens

Wedge Grips

Upper Heod of
Testing Mochme

"Lirfers-‘fhfcknns Varied
According 16 Specimen Thick-
ness 10 Keep Wedge Grips
Flol Specimen— from Protruding Above or
Below Heod of Testing

J Machine

FIG. 2 Wwedge Grips with Liners for Flat Specimens



Standard Specimen Small-Size Specimens Proportional 1o Standard

in. in. 3 in, n. in.
RN ERAMBIET . ... . . ..k e PuSeeas 0.500 0.350 0250 0.160 0.113
;—Gage length 2.000 = 0.005 1.400 = 0.005 1.000 = 0.005 0.640 = 0.005 0.450 = 0.005
~—Dameter (Note 1) 0.500 = 0.010 0.350 = 0.007 0.250 = 0.005 0.160 = 0.003 0.113 = 0.002
z_Raoius of fillet. min ¥ Va e Pr : Shg e
:—Length of reduced section, min (Note 2) 2% 1% 1Va Ya 54

~ore 1—The reduced section may have a gradual taper from the enas loward the center, with the ends not more than 1 % larger in diameter than the center (controliing
:mension). -

nore 2—If desired. the length of the reduced section may be increased 10 accommodate an extensometer of any convensent gage length. Reference marks for the
-e25urement of elongation shouid, nevertheless, be spaced at the indicated gage length.

~GTE 3—The gage length and fillets may be as shown, but the ends may be of any form to fit the holders of the testing machine in such a way that the load shall be
1uaisee Fig 9] If the ends are 10 be heid in wedge grips it is desirable, i possible, 1o make the lengtﬂ of the gnp section g.l’ealmh 10 aliow the specmen t0 extend
-z ine gnps 3 distance equal 10 two thirds or more of the length of the gnps.

NoTE 4—On the round specimens in Figs. 8 and 9, the gage lengths are equal to four times the nominal diameter. In some ploduaspodﬁcaﬁmsouwspedmens may
=2 crovided for, but unless the 4-10-1 ratio is maintained within dimensional tolerances, the elongation values may not be comparable with those obtained from the stangard
2§ speamen. . .

431E S—The use of specimens smaller than 0.250-in. diameter shall be resincied 1o cases when the matena! 1o be tested is of insufficien: size 15 ootain larger
.-#zmens or when all parties agree 10 their use for acceptance testing. Similar specimens require suitable equ:omen: ang greater s«ill in boin macnining anc testing.

.27z §—Five sizes of specimens cfien usec have diameters of approximateiy 0.505. 0.257, 0.252, 0.160. 20z €. 12 in., he re259n D2:0g 1S Dermit easy caizu:zs
es55 from 15208, siNse the caTesooNsING Sross-sestional areas are egual or ciose 1o .200. 0.100. 0.0500. 5.C222. anz £.0300 ;2

TeSDETIVEY, Thug, wran ins

. g 2g-ee with tNese values. tn@ siresses (07 Sirenginsl may D2 TSTMIUISS using N2 SIMD:e MOV t 5. 5. 20,50, en0 ol resoesnig Tma miees
.i..Ze%i0 o tNesE five ciamelers ST NSt fesu N SOTesDINANJIY CONVET-EN: Iross-seclonal areas ant munisiy e
:= i Siznmcars £.300-in. Rounz Tension Test Specimen witn z-in. 3age Lengin ano Exampoies of Small-Size Specimens Prossruonz! 1o
tne Stanaard Soecimen
—_— ——— § - s8= £ w-— :.5_91
—_————T —— & -
b e e T e = |, S —, f——— —" h
- - : T o - = E- —a-.-\;_
Ty o e Note < P ey
— L — L
—E'—E"—'&'——"E"i-_r ! ! §—=f L . Fpees o e e
: TP et R § e
Ml : 3 - - - - s L,,_L-I-/
; R Note 2 P TN
L -
*§ A B= i
S e —, 0 e, .E- i
= T v P Ne=r ¢
—— — R 1
Dimensions ; N
Specimen 1 Specmen 2 Specimen 3 Specimen 4 Speamen 5
in. in : in. in. in.
G—Zaze length 2.000 = 0.005 2.000 = 0.005 2.000 = 0.005 2.000 = 0.005 2.000 = 0.005
Z—=2rameter (Note 1) 0500 = 0.010 0.500 = 0.010 0.500 = 0.010 0.500 = 0.010 0.500 = 0.010
Z—-Zzcws of filet, min Y Ye Vhe Y Vg
:—Lengin of reduced section 2%, min 2Va, min 4, approximately 2%, min 2%, min
(—0ver-all length, approximate 5 5% 5% 4%, 5vz
Z—Lengin of end section (Note 2) 1%, approximatety 1. approximately ¥a, approximatety Y42, approximately 3. min
C—DOuameter of end section ¥ Ya 252 A ¥a
{—Lengin of shoulder and filet wss Y i Y Y
section, approximate
F=Dameter of shoulder s % ces % whe

'ic1e 1—The reduced section may have a gradual taper from the ends toward the center with the ends not more than 0.005 in. larger i diameter than the center.

*igte 2—On Specimens 1 and 2, any standard Uvead is permissibie that provides for proper aignment and aids in assuring that the specimen will break within the
1z ced secton.

NotE 3—On Specimen § it is desirable, if possible, 10 make the length of the grip section great enough 10 allow the specimen 10 extend into the grips a distance equal
'3 120 theds o more of the length of the grips.

FIG. 9 Various Types of Ends for Standard Round Tension Test Specimens
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Dimensions
Specmen 1 Speamen2 = Specimen 3 Specimen 4 Specimen 5 Specimen & Specimen 7
in. mn. in. in, in. in. in,

. = Sace lengtn 2.000 = 0.005 2.000 = 0.005 8.00 = 0.01 2.000 = 0.005 £.000 = 0.005 2.000 = 0.003 £.000 = 0.005
- —.asin (Note 1) 0.500 = 0.010 A%+ Y =% 12+ %, -% 0.750 = 0.031 0.750 = 0.031 1.000 = 0.062 1.000 = 0.062
- _TrizKness measured thickness of specimen
:—Az0us of lilet. mun 2 1 1 1 1 1 1
:—_2nctn of recuced 2% 2% 9 2% P % 2

secl:on. min
: __angin of grip sec- 3 3 3 3 3 3. 3
won. min (Note 2)
- sain of gnp sec- Ve 2 2 1 1 1% 114
uon, aoproximate .
(Note 3)

28 i—The enas of the reduced saction shall gitler in width Dy not more than 0.002 in. for

* Tnere may be a gradual tzper in width from the encs 1

* + i-n. gage length specimens. not more than 0.008 in.

1~ &l 10e center for 8-in. gage length specimens.
2t 2—Iliis desirable. if possible. 1o make the le

- —ore Of the length of the gnps.

—7he enZs of the specimen shall be symmetncal with tne senter line of

specimen i, anc 4, ang not more than 0.0C3 in. for spec:mens 2. 3. 5, 6.
© the center. but the width at each end shall be na: more than 0.005 in. greater ihan ihe wicth at the center
greater thar the waath at the center for 4-in. gage length speamens, anc not more than 0.015 in. greater than the

y . T : :
ngin of the gnz secuon gréat enough to allow the specimen 10 exienc inio the grios 2 disiance ecual 10 two thires

ine reduced secuon within C.235 in. for soecimans 1.4, anz 5, anc 6.10 . for soec:mens

el

e cirzular secments, Ine cross-secuonai area may 52
39Ut 2. 1N€ erTor LSING TNiS Metnog 10 calcuiaie

iNe ITU5S-52TUDNEI arez mav De 2doreciadis ans it T2V D2 SesrElE iT use & M
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FIG. 13 Tension Test Specimens for Large-Diameter Tubular Products
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" 18 Location of Transverse Tension Test Specimen in Ring R—Radius of fillet, mun 1 1 2
Cut from Tubular Products A—Length of reduced secuon. 1% 12 2V
min
L—-Over-all length, min 3. 4 634
8—Length of end secuon. 1 1 1%
approximate
C—Diameter of end section, Yo 1V 174
approximatle
E—Length of mﬂ. mun Ve Va e
F—Diameter of shoulder Y = Yea Wie = Vs 1he = Ve

NoTe—The reduced section and shoulders (dimensions A, D, E. F, G.and R)
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FIG. 15 Standard Tension Test Specirrien for Cast Iron



i e L 2T —-1

g
r;'/.iﬂ.

I ¥an 0P TIONAL »

~md (Ve in |4 OPTIONAL o=

—— L [ SR, AN — o

MTERNATE DESHGN FO% BEMD BAR SIDE VIEW REEL BLOCK COUPON
(e} Design for Double Keel Block Coupon

l"'"__Es.’H.n 7 ]

T
PADDING IR

—— e 2T

I«eczssmv \....I I.._._._.L (Sin MIN) ——d - T
I

T

ALTEANLTE DLS/GN FOR BIND BAR
£+ Dresigr for Multiple Keel Biozi Coupon i4 Legs)

ALTERMATE DESIGH P
rol BEND BAR Ain. LD

fe) Design for “Anached™ Coupon

FiZ. 1€ Yest Coupcns for Castings (see Tzbie 1 for Detziis of Design}
: - L '
]
| - 3 & ! 8
[ i t
. ! -T ’
i : T ] LI AN
1 4 A 1 1,
! ; i . S Y
R’ i |
=€-
Dimensions
in,
D—Diameter &y
A—Rads of filet 1ng
A—Length of reduced section 2
L—Over-atl tength 7v
8—Length of end section 2
C—Diameter of end section 3
E—Length of finet ¥ie

FIG, 17 Standard Tension Test Specimen for Malleable lron



A n n
4 ’! :
¥ 2 - 7
¥ 4 :
/ ¢ .
R o Siab i .
I’ I’ £ :
’ ’ ]
f 1
! [ ]
/ [}
’ o [}
/ “ 1
’ L] :
N I’ [77 ] 1
wr ¥ t
Q ’ )
= ¢ '
1
" ; !
4 1
/ t
/! Strain :
/! Ol e . _—m
:'! OmzSpecified Extension Under Load
:’ . FIG. 22 Stress-Strain Diagram for Determination of Yield
Fi Strain Strength or Yield Point by the Extension-Under-Load Methad

Om=Specified Qffset

FIG. 21 Stress-Strain Diagram for Determination of Yield
Strength by the Otffset Method

R |— —_ /_._
l
I
I
- l.g
< la
- Ino
“n -
=
[
|
|
Stroin *
(@) m

FIG. 23 Stress-Strain Diagram Showing Yield Point
Corresponding with Top of Knee



C 1 A | D }15-N|30-N{45-N] HV | HK | HB| G |51 jwan
.ul T £ E

s! | =|» | 28 .
Pol ool Pelos|os|os|sa|Es|=e|22 | 912
g?i"‘}g?"‘ﬂl =g | a5 3°§o98;8
2518828 ez |8z |ez|3e |83 §.. “=|cal e

et L L L4 T TE{E
=1=1=158{s5|= 1" 1=] |3
SlFi{S128]813] % |eEl B
MM BRI E
slélels|slstislels]l8|ss3
cla|zfa|la|{diz|E{&]|= | o=
80 |92.0186.5/96.5192.0187.0(1865 — [ & | 4 | § | —
79 191.5/85.5|96.3| 915 86.5(1787 — {-
78 |91.0{34.5|96.0|91.0(85.5]1710| — -
.77 |90.534.0[95.8[90.5{64.5{1633f — | [ ] -
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69 |86.0|78.0|93.5|85.0|76.5{1004] 946{ , 949
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60 181.2|70.7|90.2| 77.5| 65.6; 697 732|654 NA | 913
59 180.7{69.9(89.8|76.6|65.5] 674l 710 634 3514 909
58 |80.1(69.2(89.3|75.7}64.3]| 653) 620} 615 338l 904
57_179.6168.5188.9|74.8/63.2| 6331670 535 3251500
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S0 {75.9{63.1[85.5|68.5|£5.0! 5131 542 | 431 2551 870
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43 |72.0{57.27182.0162.2146.7{ 423| 438| 400] 4 ;201)837
42 171.5|56.9181.5161.3{45.5] 412| 426} 390 194 §832

41 §70.9(56.2(80.9160.4{£4.3| 402| 414 381 .1188 827

44 172.5|53.5182.5{63.1147.8 43:1 4521 409 208|842

40 |70.4|55.4180.4159.5143.1| 392 402 | 371 1821822
38 {69.9/54.61759.9]|58.5]/41.9] 282l 391 | 362 L1771 817
38 169.4153.8|79.4157.7140.8( 372] 380|353 171)812
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34 |67.4|50.8177.2|54.2}36.1| 336| 342 319 1521793
33 166.8]50.0|76.6|53.2134.9| 327| 334 | 311 1491788
32 166.3|49.2176.1|52.4(33.7) 318 326| 301 1461783

31 |65.8148.4]175.6151.3132.5| 310} 318 | 294 NA | 141{7787
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J 22 161.5141.6|70.5143.2|122.00 248| 261 | 237 |83.5] 115]730
21°161.0{40.9|169.9142.3|20.7] 243 256|231 {82.5/ 112|725

20 |60.5140.1[69.4141.5]19.6] 238]1 251|226 [81.0] 1101720

Although conversion tables dealing with hardness can only
be approximate, it Is of considerable value lo be abla to
compare dilferent hardnass scales. This lable Is based on the
assumplion that the metal lesled is homogenaous 10 a depth ¥
several limes 35 gtesl as the depih of the indentation.

The indenialion hardness values measured on the various
scales depend on the work hardening behavior of the
malerial cuting the Llest, and this in turn depends on (he
degres of us cold working of the material. The B-scale
relationships in the lable are based larg:y on anneaied
metals {or the low values and cold worked melals for the
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