NIVERSIDAT AUTM}MA E m Lm

FACULTAD DE INGENIERIA MECANICA
Y ELECTRICA

CURSO
PRUEBAS MECANICAS EN LOS MATERIALES

MEMORIA PARA EXAMEN PROFESIONAL
QUE PARA OBTENER EL TITULO

PRESENTA
CARLOS EDUARDO PENA LOZANO

i ; ASESOR M.C. DANIEL RAMIREZ VILLARREAL

' CD. UNIVERSITARIA OCTUBRE, 1996



TL
TA410
P44
g1




AN llllHl(ll |

8888888888



EACULTAD DE INGENIERIA MECANICA
Y ELECTRICA

CURSO
PRUEBAS MECANICAS EN LOS MATERIALES

MEMORIA PARA EXAMEN PROFESIONAL

QUE PARA OBTENER EL TITULO
INGENIERO MECANICO ADMINISTRADOR

PRESENTA
CARLOS EDUARDO PERA LOZANO

ASESOR: M.C. DANIEL RAMIREZ VILLARREAL

CD. UNIVERSITARIA OCTUBRE, 1996






FIM.E. -U.AN.L. DPTO. DE MECANICA DE LOS MATERIALES

CURSO -TESIS

PRUEBAS MECANICAS EN LOS MATERIALES.

INDICE PAGINA
l.- Clasificacion de los materiales. 2
2.- Estructura de los materiales: 6
= Metales
= Polimeros
3.- Propiedades y caracteristicas mecanicas bdsicas. 13
4. Maquinas, accesorios, aditamentos e instrumnentos de medicion. 25

Bibliografia



F.LM.E.- VAN.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, Estaiio, etc.

3.- Organicos: Madera
Polimeros
Elastomeros

4.- Inorgainicos: Fibras Compuestas
Ceramicos
Vidrios
Minerales
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F.LM.E. - U.ANLL. DPTO. DE MECANICA DE LOS MATERIALES

2.- Estructura de los Materiales

METALES

PARA METALES: su estructura esta compuesta por agrupamiento de 4tomos.
Estados de l1a Materia en la Obtencién de un Metal

* (Gaseosos

* Liquidos

* Solidos

Tipos de Enlaces

* Ibnico

Metalico

Covalente
Vander-Walls
Puente de Hidrogeno

*

*  #*

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

Caracteristicas de la red:
*  Sus longitudes
*  Sus angulos

\




F.LME. - UAN.L. DPTO. DE MECANICA DE LOS MATERIALES

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

S.- Ortorrombico
a) Simple
b) Cuerpo centrado
¢) Extremos centrados
d) Caras centradas

6.- Tetragonal
a) Simple
b) Cuerpo centrado

7.- Cibico
a) Simple
b) Cuerpos centrados
c¢) Caras centradas
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Los sistemas de cristalizacion mas comunes son:

= Cubico*

= Hexagonal*
= Tetragonal
= Ortorrémbico
= Romboédrico

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
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REDES ESPACIALES O TIPOS DE ESTRUCTURAS CRISTALINAS
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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 monomérica), el cual se repetirda millones de veces en cadenas
lineales o0 cruzadas para finalmente constituir un polimero.

Ejemplo:
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F.ULMLE. - TLAN.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

* O % ¥ O * #*

CLASIFICACION DE LOS POLIMEROS:

-

e n Mecanismo de Polimerizacién:
Polimeros por adicion: son cadenas formadas por el enlace covalente de las moléculas.
Polimeros por condensacion: se producen cuando se unen dos o mas tipos de moléculas
mediante una reaccion quimica que libera agua.
in suw E ctura:

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

Polimeros de red: son estructuras reticulares tridimensional producidos mediante un
_proceso de enlaces cruzados que implica una reaccidn de adicién

condensacion.

Polimeros termoplisticos: 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.
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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.

Segun su Grado de Polimerizacion:

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

* * %

Segniin su Natuiafeza:

Naturales (lino, seda,asbesto, celulosa)

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

Vegetales (algodoén, celulosa, etc.)

Animales (pelos)

Minerales (asbestos. fibra de vidrio)

# % O B * #*
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POLIMEROS INORGANICOS:

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

Clasificacion:

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

Artificiales: Fibra de vidrio
' S.licones

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 deformacién plastica y elastica. Tienen un comportamiento intermedio y la

capacidad de deformarse elasticamente en alto grado sin cambiar de forma.

H H H
| | |
H —C —H H—C— H H— C —H
l | l
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SILICON




FLME, - LLANLL. DPTO. DE MECANICA DE LOS MATERIALES

3.- Propiedades y Caracteristicas Mecanicas en los Materiales

. L

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

TEORIA: basandonos en un ensaye estatico de tensién y su grifica 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

* ® X & ¥ % #

Resilencia Mecanica: es la oposicion 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 deformacion, es decir, que
representara el ultimo punto en la pendiente de la grafica, cumpliendo con la ley de hooke.

2.- Limite Elistico (o_p): es el mayor esfuerzo que un material es capaz de desarrollar sin
que ocurra la deformacion permanente al retirar el esfuerzo, la determinacion de este limite
elastico no es practico y rara vez se realiza.

i1
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3.- Resistencia a la Cedencia (oy): 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 (deformacién) sin oponerse
a la fueza aplicada por lo que los incrementos de carga en la maquina de pruebas para
alpunos materiales.

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

5.- Esfuerzo de Roptura (Ogp): €s el esfuerzo nominal al ocurrir falla y se obtiene
dividiendo la carga decreciente registrada en la caratula o pantalla de la maquina y el area
inicial de la probeta.

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

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

4]

12
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OBTENCION DEL PUNTO DE CEDENCIA:

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

En algunos materiales este punto de cedencia no se presenta como en otros, que a
traves de la oscilacidon de la aguja en la caratula 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.r Que representara
0.1%, 0.2%, 0.3% de deformacion unitaria. El valor mas usual es el 0.2% ver figura 3.2.

T~

o T o pIDISNTE
DE LA G=2RICA

LINEA
PARALELA

A LA PENDITINTE
OE LA GRAFICA

o
.
0
b
m

Figura 3.2
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ZONAS EN LA GRAFICA:

DPTO. DE MECANICA DE LOS MATERIALES

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

2.- Zona Plistica: se considera desde el punto de cedencia hasta el punto de esfuerzo

MNIMO.

S¢ emiplea para darle forma al material por ejemplo los procesos de mecanizado (torneado,
troquelado. doblado, extruido, etc.), laminados (en caliente y en frio). Esta zona se divide:

cn zom de cedencia y zona de endurecimiento por deformacion.

3.- Zona Hiperplastica: se considera en algunos materiales desdes el punto de de esfuerzo

maximo hasta ¢l punto de roptura aparente.

Sc emplea en el diseio de elementos de maquinas, productos y estrycturas que deben

absorber grandes cantidades de energia meanica (energia cinética o potencial).

LIMITE
PROPORCIOXN AL

ESFUERZO

MAXIMO

—

ESYULRZO DE
RUPTURA
APARENIT

YONAT

e ZONA— e :
L PLASTICA e — T HIPERPLASTICA
JONA b ol — __ —-j-—-—-
LLASTICA - com o - - s
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.

Estas propiedades son medidas:

* Para el Ensayo de Tension a traves de:

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

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

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

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

Para el Ensayo de Compresion a traves de:

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

% de Aumento de Area = (Af- Ao)/ Ao x100

- % de Reduccion de Loagitud: se obtiene midiendo la longitud inicial y final de la
probeta y sustituyendo en la ecuacién:

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

Se recomienda que los materiales que tengan un % de elongacion, % de reduccién de
irea, % de aumento de iarea, % de reduccion de longitud, mayor de 5 %, para que se

consideren ductiles.
15
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. P
Lo ) Lr L

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 deformacion, este modulo
se puede obtener considerando dos puntos sobre la pendiente y realizando un triangulo
como se muestra en la figura 3.5

3

Figura 3.5

16
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F.LM.E. - LLANL.
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i a

Plastico

Valores promedio de modulo de elasticidad de algunos matenales
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.) 0 médulo de resilencia: es la energia almacenada
por unidad de volumen en limite elastico o proporcional; y representa el area (Al) bajo la

pendiente de la grifica o vs e mostrada en la figura 3.6.
REU = Al =o'/ 2¢g;p (kg - cm /cm?)

Volumen Inicial (Vo) = Ao x Lo {cm?)

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

L.P.: Limite proporcional.

17
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EwX 0w =Kg:. cm

; ‘ REU. = A1 =1
l 2 cu:J
t

—

Figura 3.6

TENACIDAD:

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

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

El valor asi obtenido sera la tenacidad unitaria.
Tenacidad Unitaria (TU) = Area total
TU = (Opax TOvp) €max/ 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.
- 18
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]
a

NJx} CMax

AREA TOTAL= TENACIDAD UNITARIA

< yp

frmax 3
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 segun sea el caso.

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

La porcion 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 segiun 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 algun tipo deme ~  a cuneiforme o plana (ver figura 3.8).

S 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 flexion durante la aplicacion de la carga (ver figura 3.8), la longitud
de la seccién reducida depende de la clase de material y de las mediciones que se tomen.

En las siguientes figuras 3.9 y 3.10 se muestran los diferentes estandares para los
ensayos estaticos de tension.
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F.LM.E. - ILAN.L. DPTO. DE MECANICA DE LOS MATERIALES

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

VELOCIDAD EN ENSAYOS DE TENSION

La velocidad de los ensayos a tension seran aquellas que permitan las lecturas de
carga y deformacién o las que recomienden los estandares de la ASTM, ASME o alguna
ofra 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 méxima velocidad de carga seria 100
kips/plg®-min, se sugiere detectar la cedencia en metales segin 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 vy
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 seccion transversal de la pieza (ver figura
3.11).

(e} (b) {c) (d}

Coradury, Lo, ot Parciul- “Fesziurd

::::lwi: ler 7 Wdore meria de fibrote ter 7 Wdse
tas, oi- eilreltn™ ) (oree Blanad
tar ¥ sodosas

Fracturas tipicas por tensién de los meztales

Figura 3.11
) »n
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4.- Maquinas para Pruebas Mecanicas,
Accesorios e Instrumentos
de Medicion

T e RO 508 —

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

Maquina de Dureza Rockwell

Maquina de Dureza Brinell

Maquina de Ductilidad en la Mina Metalica
Maquina de Torsion

Maquina de Fatiga

L 2N BEE K R B

Cada una de estas maquinas tiene sus correspondientes accesorios o aditamentos
para la realizacion de los ensayes en los matenales, los cuales son recomendados por las
agencias que normalizan los ensayes e inspeccion 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 catalogos 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.
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INSTRUMENTOS DE MEDICION

Los instrumentos de medicién 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. Vemier
2. De Caratula
3. Digitales

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

* [Extensometro para la medicion de desplazamientos lineales de:
1. Caritula
2. Digitales

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

* Medidor de deformacién 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 matenal a probar.

* Planimetro: para la obtencion 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.
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Dwnensions, mm
Stancarg Spesmens Subsize Specmen
Nominal Width Puate-Type Sheet-Type & mm
40 mm 125 mm

5~Gage length (Notes 1 and 2) 200.0 = 0.2 500 =01 25.0 = 01
FWidth (Notes 3 and 4) 400=20 125 =02 6.0=01
f— Thickness {Note 5) thekness of matenal

2~ Radius of filiet. min (Note 5} 25 i25 )

= Overall langth, min (Notes 2 and 7} | 450 200 100

= Length of reduced section. min 225 57 32
i—Length of grip section, min (Note 8) 75 30 30
S—Widin of gnp section, approximate (Notes & anc 9) 50 20 10

NoTe 1=—For the 40-mm wide spetumen, punch marks for measunng elongabon after fracture snall be mzoe on the fiat or on the ecpe of the specmen anc wilhin 1
weuced section. Erther a set Of rune Or more punch marks 25 mm apart. or one or more pars of puncn Mmaxs 200 mm aparl, may Se usec.

NotE 2—When elengation measuremnents of 40-mm wige specimens are not requrred. @ Mymmurm jengt ! recucec secuon (A) of 75 mm may Se uses with 2l othe
FNEMHIONS SIMilar 10 the plate-type spesimen,

N2TE 3—For the three sizes of specmens. the ends of the reduced section shall not difter in wigtn by more than (.10, 0.08 or 0.02 mm. resbectvely. AlsC. there may
3 3 Qradual decrease in width from the ends (o the center, but the width at each end shall not be mare than 1 % larger than the wiZth at the center.

NoTE £—FoOr each of the three sizes of specsmens, narrower widths (W and C) may be used when necessary, In such cases the width of the reduced section shoui
oe 25 large as the width of the matenal being tested permits; howeaver. unless stated spechically, the requiresnenis for elongation in 2 oroduct soecification shalf not azon
wheh These narrower specimens are used.

I 5—-‘1‘ne dimension T is the thickness of the test specimen as provided for in the 2oplicable matena! soadifications. Minmum tuckness of A0-Mm wise sdecimen:
g 98 £ mm. Maxirmum thickness of 12.5-mm ang §-mnm wide spectmens shall be 19 mm ang 6 rm. resoecovely,

N27E b—For the £40-mm wide specimen. a 13.mm mmimum rads at the ends of the requced secton s Demuties for size! soecmens under 50 MPz - t2ns0e sirar e
wnen 2 profile cutter is used to machme the reduced secuon.

~31 7—To a0 i odtaning axial kagme gunng 1esung of 6-mm wide SDeCIMens. the overal e

hete —Itis cesrravle, f possiie, to make e lenZn OF 1Ne ¢ND SECHen large endyuzn 1T Al
—zrg O the NG Of the nps. ¥ the thitkness 27 12 2-Mm wige SDeCIM2Ne 13 oves . 0 m™, 1ongar ¢nos
nazossary 10 Drevent fanure N the gnp Section.

Ko 9—FOr the trree sizes of specimens. N8 encs 9 11ie $3eTIMen Snat
mm. resoectively. However, for referee testnz anc wnen requires Dy Procust specncanoﬂs ne encs o. el

KN5TE 10—Specimens with siges paratel 1rougnow tharr length are penmITIec. 8xce 107 (R1eree 18synT. :'samae" 2; e eoove :o&eraﬁces are usna (o; an aoer-.:a‘e
nenaes of marks are proviged for determmanon of eiongation: anc (c} wnen yi2ic sirength s getermingd. & Sunadie extensometer 15 used. I the racture ocsurs &!
o5:3nce of less than 2W trom the eage of the Snpoing gevice, tne tensiie propertes determined may not D¢ representative of the matenal. in accentance tesung. ¢ ne
reoeties meet the MiNMum requirements spesified. NC funther 1estmg 15 required, but it they are less than e MIMIMUM recdirenents. discarc the test anc relest.

FiG. 1 Rectangular Tension Test Specimens

Wedge Grips Upper Heos of 8. Report

TS MmAnine 8.1 Test information on matzrials not covered "v 2
product specification should be reported in accordance wih
8.2 or both 8.2 and 8.3

8.2 Test information 1o be reporied shazil include the

—

Tm Liners =Trckness Voried

Accoreing o Specimen Thick- following when applicable:
Peusle xeen Wedye Grips , 8.2.1 Material and sample identification.
Flgt Specimen— from Prgtruding 2bove or 2 :
Below Head of Testing 8.2.2 Specimen tvpe (Section 6).
| | Mechine 8.2.3 Yield sirength and the method used 1o determine

vield strength (se2 7.4).

8.2.4 Yield point 2nd the method used 1o determine vieid
point (see 7.3).

8.2.5 Tensile strength (see 7.6).

8.2.6 Elongation (report both the original gage length and
the percentage increase) (ses 7.7).

8.2.7 Reduction of area (ses 7.8).

8.3 Test information to be available on request shall
include:

B.3.1 Specimen test section dimension(s).

NoTE 26-—The tension specimen is inappropriate for ing some 8.3.2 Formula used to calculate cross-sectional area of
hoes of jmpérfections in a material. Other methods and !spcdmms spccimens taken from large-diameter tubular groducts.
tMploning ltrasonics, dve penetrants. radiography, etc.. may be consid- 8.3.3 Speed and method used to derermine speed of

Mod when flaws such as cracks. flakes. porosity, etc., are revealed during  16SUNE (see 7.3). .
1 122 3nd soundness is a condition of acceptance. 8.3.4 Method used for rounding of test results (sec 7.9).

FIG. 2 Wedge Grips with Liners for Flat Specimens

1.10.3 The specimen’s properties were changed because of
or machining practice,

1.10.4 The test procedure was incorrect,

1.10.5 The fracture was outside the gage length,

1.10.6 For elongation determinations, the fracture was
Putside the middle half of the gage length, or

1.10.7 There was a malfunction of the testing equipment.
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Dimensions, mm
Standard Specimen Smal-Size Spearnens Proporticnal To Stancard
2.5 g 6 4 2.5
G—=Gage lenoth 625 = 0.1 45.0 = 01 30.0=0.1 200 =01 125 =01
D= Diameter (Note 1) 125 = 0.2 20=01 60 =01 40 =01 2.5 x0.0
A— Raaws of filet, min 10 8 (] 4 2
A— Length of reduced sectron. min (Note 2} 75 54 36 24 20

Note 1—The reduced secton may have 2 gradual taper from the ends toward the center, withthe ends notmore than 1 %
dmens:on).

Note 2—If desired. the length ot the reduced section may be increased 10 accommodate an extensometer of any convenient gage length. Reference marks for T
measurement of elongation shouid. nevertheess, be spaced 21 the ndicated gage length.

NOTE 3—The gage iength and filleis shall be as shown, but the ends may be of any form to fit the holoers of the testing macnine m such a way that the load may e
ual (see Fig. 9). !f the ends are to De heid N wegoe gnps 1t 1$ desrable, i possidie. 10 make the length of the cnp secuon great enough 10 aliow the specmen tO exiend
nio the gnps a aistance equal to two thires of more of the length of the gnps.

Note 4—OQn e roung specimens in Figs. § and 9. the gage lenatns are equal to five umes the nominal diameter. in some product specfications other specxmens may
be provided for, but the 3-10-1 ratic 1s mainiained within dimensional toierances, the elongation values may not be comparabie with those oblaned from the siandarg tes:
specimen.

NoTe S—The use of specimens smaller than 6 mm in ciameter shall be restncled to cases when the matenal 10 be tested 15 of msufficient s:ze 10 obtan largsr
soecmens or when ail parmes agree 10 ther use for astepiance leshing, Smalier specimens require suitable equipment anc greater skill in DOIN MachHiNINg anc tesung.

FiG. 8 Standard 12.5-mm Round Tension Test Specimen with Gage Lengths Five Times the Diameters (5D). and Examples of Small-Size
Specimens Proportional to the Standard Specimen

larger in ciameter than the center (controlng

- = 5 ,-;:\ ’
7 R — . i - LS ST — - S RN 0
__-——‘——-L . Negs = _____y____ — \T/
8w Noie 2 TEFTTR
L
*B 4 B= '
P — 5= ¢ —£2
Dimensions. mm
Srecmen 1 Specmen 2 Speamen 3 Speamen £ Specmer. 5
G—Gage lencth 625 =01 62.5 =01 62.5 =01 gz.5 =01 822 =01
D—Diameter (Note 1) 125 =02 25=z0.2 12.5=02 12.5=02 125=02
R—Radgmss of fiflet, min 10 10 2 10 10
A—Length of reduced secusn 75, mun 75. mun 100, anproximazely 75, min 75. min
- Overall iength. approximate 145 155 140 149 255
8—Length of end section {Note 3) 35. aoproximately 25, approximately 20, 2oproximately 15. aoproxirniaiely 75. min
C—Diameter of end section 20 20 20 22 20
f—=Length Of shoulder and fillet 15 20 15
SaClon, approxsmate
f—Dameter of shoulcer 18 15 15

Noté 1—The reduced secuion may have a gradual taper from the ends toward the center with the ends not more than 1 % larger i diameter than the center,

Nore 2—On Specimens 1 and 2, any standard thread is perrussible that provicies for proper akgnment and awds 1 assunng that the specmen will break wathe T
feduced Section. A
NotE 3—On Specimen 5 it is desiradle, if possible, to make the length of the grip section great enough 10 allow the specimen ta extend into the GhSs 3 tiStance equ
0 two thirds or more of the length of the gnps.
FIG. 9 Various Types of Ends for Standard Round Tension Test Specimens



PRESSURE
APCLIED

SPECIMEN

#6. 10 Squeezing Jig for Flattening Ends of Full-Size Tension??
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NoTe—The giameis” of ihe plug shall have a slignt taper from the kne kmiting
the testing machine 12ws 10 the curved secuon,

Fl1G. 11

Metal Plugs for Testing Tubular Specimens, Proper

Location of Plugs in Specimen and of Specimen in Heads of Testing

’, “".'\ .
£ % deammen i ms A
E '._.’; ;L-.:--.'. i .-..--.__--‘:::.:::j
s 3
‘.;;\...'/ /

Machine

NIoTz—Tne egg2s Of the Diank tor the soeoimen shall be ¢t caraliel 10 eazh

ovner

i 1
i i

FIG. 12 Location frem Which Longitudinal Tensicn Test
Specimens Are to Be Cut from Large-Diameter Tube

i 1
e B o & s s B
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| i AR 3
 — — " — - — Lo — e
| ‘ : . s UL
| L]
1 G + R
Dimensions, mm
Speamen 1 Specimen 2 Specimen 3
Nomnal wiain
125 40 40
b~Gacs tength S00 =01 50.0=01 2000=02
iV INOwe 1) 125 =0.2 400 =2.0 400 =20
" Thekness measured thickness of specmen
—Racws of fillet, min 125 25 25
twLength of reduced secton, mn 60 60 230
f~Length of gnp secbon, min {Note 2) 75 75 75
(—wigm of grip section, approximate (Note 3} 20 50 50

Note 1—The ends of the reduced section shafl not differ in width by more than 0.1 mm for specimens 1, 2. ana 3. There may be a gracual 1aper in widih frormn the ends
ke center, turt the width at each end shall be not more than 1 X greater than the wicth at the center.
WoTg 2~—1t is desirabie, # possible. 10 make the length of the grip section great enough o aliow the spearnen to extend Nto the gnps a distance equal 1o two thirds or

*ore of the length of the grips.

Ho1E 3—The ends of the specimen shall be symmetrical with the center Ene of the reduced section within 1.0 mm for specimen 1 and 2.5 mm for specumens 2 and 3.
Kott L—Specimens with sides parafiel throughoun their fength are permitted, except for referee testing ard where prohibited by product specification, provided: (a) the
Wove 1olerances are usad; (b) an adequate number of marks are provided for determunation of elongation: and () when yels strength is delermmed. 2 surtable
triensometer i$ Used. if the fracture occurs at a distance ©f less than 2W from the edge of the gripping device, the tensie properties detenmuned may not be representatve
¢ me material. K the properties meet the Miremum requirements specified, no further testing is required, but #f they are less Than the mnimum requirements, discard the

Yt and retest.

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



FIG. 14 Location of Transverse Tension Test Specimen in Ring
Cut trom Tubular Products
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Chmensiong. —~
Sozxmer Soesmiat - S NBzmEd T
NoTEna Diameter
G—Lengin of carane. Eral 0e egua: 1o Or Crezisr nEn Ciameter O
E—Dlame:er 25 =02 220=C4 vL=Cs
A—Raaws of fillet. min 25 25 §0
A—Lengin of reduced section, mun 32 38 60
LOverafl lengtn. min 85 100 1680
B-—Ll_zngm of end section. approxmmate 25 25 45
C—Diameter of enc secuon. a2oproximate 20 30 48
E— Length of showider, min 6 ] 8
__F—Diameter of shouiger 16.0 = 0.4 240=C.a 3B.5=04

INOTE—'me recduced section anc shoulders {dimensions A. D, £. 7. G, and R) shall be as shown, but the engs may ba of any form 1¢ fit the notgers of the tesung Machine
Such 2 way that the loac shall Se axial. Commonly the ends are threaded and have the cimensions 3 ang C given above.

FIG. 15 Standard Tension Test Specimen for Cast iron
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FIG. 16 Test Coupons for Castings (see Table 1 for Detaiis of Design)
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Dimens:ions. mm
O—Diameter 16
AR—Radius of fdlet 8
A—Length of reduced Section 64
L—Overatl length 190
B—Length of end section 64
C—Diameter of end section 20
E—Length of fillet 5

FIG. 17 Standard Tension Test Specimen for Malleable iron
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Rockwall i Rockwaell ' Cylindrical work corrections to be added to observed
y greater Superticial i Reguiar 'Rockwell Number for Scales indicated
(ness andb Hardness Scales 1 Hardness Scales
“r:mif:;o: 15N | 30N T asN | A 1T b | ¢ Scales C, D, A
pcated scale | 15 30 45 | 80 l 100 | 150 Brale Diamond Indenter
i kgt kgf kgf ¢ kgf kgt kal Diameter of specimen — Inches (rmm}
bhickness N Brale : Brale v 1 14 | T8 | RITSERT
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12080 ¢ X X X | X 23 2 30 1 §0435] 25720 15| 1.5 | 1.0} 1.0 05
034 (0.86) roox X X X p 2 25 55! 40 301 255 2.0 .3 [ 1.01 1.0 1.0
b3t : ' 2 2 20 i1 ol 5! 351250 30! 15[ 151 10! 10
geosn i X X X X X 37 2 SO dan 3. £ oot v ek L I SO D N
; 038 (0.96 L X X - X X X 23 Scales B, F, G
(040 (1,02} & 2 X X X 20 116~ Bail indenter
F;realer i SROCk:'m'"l Aockwell Diameter of specimen — inches (mm)
uperficia Regular i 1
ness and . : Observed! /8 | /4 ! /8] w2 ! 58 | 374 | 718 | 1 |1-94j1-1u2
lriness can be 45’1"',"":;51_5"‘3'9:57 _Hatcness Scilgs heading | 5! @6l (00| (31 (o | () | 32 | 25 | (o | e
Hely tested on ol S ol S cl— R .- 100 i NA| 3.5) 25] 15] 1.5 1.0 | 1.0 [ 0.5 | NA| NA
Flcaied scale 15 | 30 | 45 80 i 100 | 150 90 | | ‘ 4.0/ 30| 20115 15 15| 1.0 Vo
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532 10.81) X b A =] 22 539 ZEOEINEL. o i . BRI AR ge T, et
034 tOBSi : X ¥ -4 X ez 50 Aeacing (2.0). (6.4 (g i3 it i3y L {22y (25) 432 133)
J3640.91) X % % % 40 22 20 9 0 3 - 0 - 0 i 0 ; 9 i 0 ;NA/NA
528 {0.26) LX X X % 23 31 35 9.5: 051 05185 0 © 0 0 0 40 P i
e H H 1 H = H 4
75 ; 1.5 101 05.05;05(05] 6 ! 0 . | i
o Minimum Hargness 70 1 201 1.0¢ 1.0} 051 0.3 ! 0.5 0.5 05 l B
Sevaluos are approximate only and this 2nari is intended arlmarily 65 : 2.5t 1.8 1.01 0.5 | 0.5 Q9.5 0.5 ' Q0.5 T o :
IR I T
ex2is thinnar than shown in this chart mav 2e tested on the 2 ¢ Rl ks ] } " : 22 !
ton* mic'onardness tester. The thickness 3! the specimen should be 0 l 3'5: 20 1.5 I 1.9 1.0 I 1.0 1.0 - 0.5 : -
k2si 1", Limes the ciagonai of the inceriaticn wnen using the 45 ;400 20154 1.0 101 1.0 1.0 ! 1.0 Lo
=-s“"'S'\dlarr!cmc oyramid ingenter. anc at least s himes the long 0 ¢ 45! 25; 1.5, 15110, 1.0 1.0 10 IR
hai wnen using ihe ;(nooa incenter. 35 ‘8D 251 2.9 i 1.5 1.0 | 1.0 1.0 ¢ 1.0 : : ' !
23 Vaives in Chari 35 areconsisient with ASTHA =15 Tabies 4.3, 11 ang EO H 5.§ i 3.0 | 2.0 } 1.5 It 1.§ ! 1.9 1.0 : 1.0 iy !
xceot lor O anc G-5c3:@ values whiCh 30Ceas -0 nsentaion Haroness 5 ¢ 29f 20: 204 13 [ .3 § 37 12 5 109 J, [
g oy Vincent T. Lvsaghi, I 1288 Wilsen insirurent Tiwvision, Aczo. =9 £0: 39.20°¢ 15 1.5 1.5 1.5 0 1.5 ¢
Scales 15-T, 30-T, 45-T
. 11167 2all Indenter
. Diameter of specimen — inches (mmj)
Cbserved; 1/8 | 114 | 38 | 12 | 5i8 | 34 | 78 | 1 l1-1:4; 112
Reading_ (3.22( (6.1 (310)i (%1 (161! (39} 22 ! 25y | (31 | 1381 |
AR I IR
IR IR AR IR AR A
50 ; 65| 45| 3.0} 251 26 1.5 1.5 1.5} l |
50 | 85{ s5| a0 | 30 25|20 20/ 15 ‘ -
10 10.0{ 65| 45| 35| 301 25 zo 201 | ! ]
30 |11.8] 751 80 35 l 35 | 25 20 I
20 13.01 9.0/ 60! 451 45 . 20 Pr ot

These corrections are approximate only and represen! the averages, !o
{he nearest 1/2 Rockwell number, of numerous actual observations.

These vaiues are consistenl with ASTM E18 Tables 6, 7, 13 anc 14,
When testing cylindrical specimens, the accuracy of the test witl
be seriousty atfected by atignment of elevating screw, Vee anwvil,
indenters, surface finish and the straightness of the cylinder.
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Pressing Area = 545 mm?
G—Gage length 50.0 = 0.1 Note—Dimensions specified, excep! G and T. are those of the die.
p— Diameter {see Note) 6.4 =0.1 5 . T
A— Ragius of fillet. mun 75 Dimensions, mm
A_Lengmofreauce_u section, min . 60 G—Gage length 2540 =08
{— Overall iength, min 230 D— Width at center . 572=+003
B—Dtstanc:e between orps. men 115 W--Width at end of reduced section 5.97 = 0.03
C— Diameter of end section, aooroximate 10 T— Comgpact 10 this thickness 3.56 10 6.25
NoTe—The reduced secuon may have 2 gradual taper from the ends toward i_ z:"m - ﬁ“?t - : fg;s
the center, with the ends not mare than 0.1 mm larger in diameter than the center, - B- Gri mo reduced section go'os = 0.03
FiG. 18 Standard Tension Test Specimen for Die Castings L— Overall length 89154 = 0:03
- C— Width of gnp secton 8.71=0.03
F— Half-width of gng section 434 = .03
E— End radius 4.34 = 0.03

——

FiG. 19 Standard Flat Unmachined Tension Test Specimen for
Powder Metallurgy (F/M) Products
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Approximate Pressing Area of Unmachined Compast = 752 mm=
Machining Recommendations

1. Rough macrine reduced section to 6.35 mm ciametsr
2. Finish tumn 4.75/4.85 mm diameter with radii and tapar
3. Polish with 00 emery cioth

4. Lap with crocus cloth

Dimensions, mm

G—Gage length 25.40 = 0.8

D—-Diameter at center of reduced section 475 = 0.03
H—Diameter at ends of gage lengtn 4.85 = 0.03
A—Radius of fillet 6.35 = 0.13
A—Lenoth of reduced section 47.63 =013
L—0verall length (die cavity length) 75, nommal

B—lLength of end section 7.88 =013
C—Compact to this end thickness 10.03 = 0.13
W—Die cavity width 10.03 = 0.08
E—Length of shoulder 6.35 = 0.13
F—Diameter of shouider 7.88 = 0.03
J—gnd fillet racwus 127 =013

Note 1—The gage length and filiets of the specimnen shall be 25 shown. The
ends as shown are designed 10 provide a practical minimum pressing area. Other
end designs are acceptable, and in some cases are required for high-strengtn
sintered materials,

NoOTE 2—it is recommended that the test specimen be gripped with a spiit
coliel and supponed under the shoulders. The radius of the collet support circutar
edge is 10 be nOt iess than the end fillet radius of the test specimen.,

Note 3—Diameters O end H are 10 be concentric within 0.03 mm total
inckcator runout (TLR.). and free of scratches and tool marks.

FIG. 20 Standard Round Machined Tension Test Specimen for
Powder Metallurgy (P/M) Products



APPENDIX

(Nonmandatory Information)

X1. FACTORS AFFECTING TENSION TEST RESULTS

1.l The precision and bias of tension test strength and
yeility measurements depend on strict adherence to the
u[ed test procedure and are influenced by instrumental and
malcnal factors, specimen prepa.nmon, and measurement/
Ia;ung, CITOfS.

x1.2 The consisiency of agreement for repeated tests of
pe same material is dependent on the homogeneity of the
qaierial, and the repeatability of specimen preparation, test
aditions, and measurements of the tension test parame-
IGSI
X1.3 Instrumental factors ‘that can affect test results
wlede: the stiffness, damping capacity, natural frequency,
nd mass of the tensile test machine, the accuracy of loading
»d the use of loads within the verified range for the
mchine, speed of loading, alignment of the test specimen
sith the applied load, paralleiness of the grips, grip pressure,
atre of the load control used, appropriateness and calibra-
#n of extensometers used. and so forth.

Xi.4 Material factors that can affest test resuits include:
asresentativeness and homogeneity of the test material,
smpiing scheme, and specimen urcparau'on (surface finish.
imensional accuracy, fiilets at ths 2nds of the g2ae iength.
047 in the gage length._ bent specimens. thread quality, and
wiomth).

X1.4.1 Soms materials are very sensitive 10 the quaiity of
tesurface finish of the test spacimen (see Note 1]) and must
w gound to a fine finish, or polished to obtain correct
raults.

X142 Test results for specimens with as-cast, as-rolled
sforged, or other non-machined surface conditions can be
ifected by the nature of the surface (see Notwe 12).

X1.4.3 Test specimens tzken from appendages to the pant
oreomponent, such as prolongs or risers, or from separately
mduced castings (for example, keel blocks) may produce
st resuits that are not representative of the part or compo-
nent.

X144 Test specimen size can influence test results, For
tlindrical specimens, changing the test specimen size gener-
dly has a negligible effect on the yield and tensile strength
b may influence the yield point, if one is present, and will
nfuence the elongation and reduction of area values. In
neral, increasing the spec:mcn size reduces the % elonga-
on and % reduction in area, although some studies have
Sown no effect, or the opposite effect. For reciangular

e test specimens, increasing the width or thickness
y increases the % elongation and decreases the %
™uction in area,

X145 Useofa taper in the gage length, up to the allowed
H"" limit, can result in lower elongation values. Reductions

lsﬂmt:has 15 % have been reported for 2 1 % taper,
'Uun“ Some materials are highly strain-rate sensitive.

B in the strain rate can affect the vield strength and
Ion83!10:'.1 values, especiaily for straip-rate sensitive mate-

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

X1.4.7 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-
croreters, 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
mayv exhibit non-circular cross sections afier fracture and
Measuremen: precision may be zffectes, 2¢ 2 ragnit resa Note

&
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fiat surfaces may be paraboiic in shape aiter tesins which
will affect the precision of final cross-sectionzl 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 a2 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 repressntative of the material.

X1.5.5 Use of specimens with shouldered ends (“button-
bead™ tensiies) will produce lower 0.02 % offset vyield
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, a2 reasonable definition of the precision of tension
test results can be obtained.

X1.6.1 An interlaboratory test program® was conducted
where six specimens cach, 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 % vield strength,
0.2 % yield strength, % elongation in 4D, and % reduction in
area. In each table, the first column lists the six matenals
tested, the second column lists the average of the average
resuits obtained by the laboratories, the third and fifth
columns list the repeatability and reproducibility standard
deviations, the fourth and sixth colurnns list the coefficients
of variation for these standard deviations, and the seventh



yd cighth columns [ist the 95 % repeatability and reproduc-
iy limits.

X162 The averages (below columns four and six in each
M) of the coefficients of variation permit a relative
wmparison of the repeatability (within-laboratory precision)
,nd reproducibility (between-laboratory precision) of the
-nsion test parameters. This shows that the ductility mea-
arements exhibit less repeatability and reproducibility than
¢ strength measurernents. The overall ranking from the
s 10 the most repeatable and reproducible is; % elonga-
wnin 3D, % reduction in area, 0.02 % offset vield strength,
12 % offset vield strength. and tensile strength. Note that the
wnkings are in the same order for ‘the repeatability and

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

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

specimens.

TABLE X1.1 Precision Statistics—Tensile Strength, MPa

™ laenal X S, SR = Sa $a’X. 5 r R
e 177.5 0.63 245 0.63 2.45 1.76 176
LTI 482.9 0.88 1.24 056 1.34 . 2.47 2.68
B 2105 598.8 0.60 0.70 1.27 1.48 1.68 3ss3
k)T . €859 0.39 039 1.2% 1.20 1.09 3.35
txonet 600 688.1 Q.42 0.43 0.72 0.72 1.19 2.02
31410 1257.0 0.46 0.25 1.14 0.63 128 3.20
Averages: 0.9 1.30
NI X is the average of the cefl averages. that is. the grand mean for the test parameter.
515 e repeatability stanaard deviation (within-laboratory precasion),
s X ine coefficient of vanauon in %,
t. ¢ 2 reproducibility stancard deviation {betweenHaborziory precision).
¢ ¥ x e coefficient of vanation, %
i I % repeaiability s,
* 32 88 % reorocusmikiy s
TAE_E YD Frecisiop Suatisugs—o.I2 % Yielc Strengin, MPe
% £ EfX. % 34 SarX. B r =
3118 Q€3 302 1.18 735 1.81 pufict
3554 0.84 1.64 0.89 1.73 2235 2.£8
327 .20 2.02 1.89 3.18 2.37 £.3%
338.3 239 499 461 aso ©.68 12,89
288.0 0.46 1.18 0.76 1.95 3 1.28 2.73
7258 2.40 229 3.7 302 6.73 B.EE
| Averages: 257 445
{
i TABLE X1.3 Precision Statistics—0.2 % Yield Strength, MPa
| watenal X s, s/X % S SafX. % T a
1 15%.0 0.47 2.08 0.48 2.07 1.33 1.32
EYJM 3541 0.74 1.41 0.79 1.48 2.08 220
A0S £03.7 0.83 1.42 1.44 2.£7 2.31 4,03
6 LA S 0.94 135 2.83 407 2.63 7.83
4 500 2681 0.36 023 0.85 218 1.01 237
{51‘10 970.7 129 0s 230 1.64 3.60 6.45

Averages: 135

2.32




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

Material X s, s/X. % Sq SR % ! R
EC-H19 14.61 0.59 4,03 0.66 4.52 1.65 1.85
2024-T351 18.0¢ 0.64 asz 172 953 1.81 4.8
ASTM A105 2563 077 299 1.30 5.06 215 3.63
AlS1 316 35.93 0.71 1.88 2.68 7.45 2.00 7.49
inconel 600 41.58 0.67 1.61 1.60 3.86 1.88 4.49
SAE 51410 12.39 045 3.61 096 7.75 125 2.69

Averages: 297 6.36
NOTE Al—Length of reduced section = &0, ’
TABLE X1.5 Precision Statistics—% Reduction in Area

Matenal X s, 5./ X. % Sa sa/X. % r R
EC-H18 78.14 1.94 2.45 2.02 2.56 S.44 567
2024-T351 30.31 2.07 6.82 3.58 11.80 579 - 10.01
ASTM A105 65.59 0.84 1.28 ©1.26 1.92 2.35 3.53
AISt 316 71.49 0.e9 1.39 1.61 225 278 4.50
Inconel 600 5234 0.67 1.14 0.70 1.18 1.89 1.97
SAE 51410 50.49 1.86 .89 395 7.81 521 1108

Averages: 2.80 453

The American Society ior Testing and Materials takes no pasition: respecting the validity of any patent rights asserted in connection
with any mem mennioned in this stancard. Users of this standard are expressly advised that determination of the valignry of any such
patent nigms, and the risk of infringerment of such rignts, are entirely their own responsibility.

This stancard is subject to revision a: any time by the responsibie technical committee and mus: be reviewed every five years anc
i not revised. either reapproves or witharawn. Your comments are invited either for revision of this stancars or for additional stangaros
27C SNoUIC’ be agoresseq to ASTM Heacouarters, Your comments will receive careiu: consigeranon 2! & meanng of Ine resoonsiole
‘esnnical committee, waich you may azend. if vou feel tna; vour commernts have No: recerves = :air REETING VOu SNDUNC MaKE vou
views Knowr 1o the ASTM Corwmimee or Stancarcs. 7936 Race $:.. Pnilageioniz, 54 15775



APPENDIX

(Nonmandatory Information) -

X1. FACTORS AFFECTING TENSION TEST RESULTS

X1.1 The precision and bias of tension test strength and
ductility measurements depend on strict adherence to the
stated test procedure and are influenced by instrumental and
material factors, specimen preparanon, and measurement/
testing errors.

X1.2 The consistency of agreement for repeated tests of

the same matenial 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 results
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.

X1.4 Maternial factors that can affect test results include:
wepresentativensss and homeogensity of the test matenizl
s2mpling scheme. and specimern prepzarauon (surface Snist.
dimensional accuracy, fiilets ai tae ends of the gage lengik.
aper 1n the gage iengih. bent specimens. thread guality. and
so forth).

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

X1.4.2 Test results for specimens with as-cast, as-rol]ed
as-forged, or other non-machined surface conditions can be
gffected by the natwure of the surface (see Note 12).

X1.4.3 Test specimens taken from appendages 10 the part
or cornponent, such zas prolongs or nisers, 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
cviindrical 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 for a | % 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 wij
increase as the strain rate increases.

X1.4.7 Brittle materials require careful specimen prepars-
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 nonuniformity,
in the flartened region which may affect test results.

X1.5 Measurement errors that can affect test resuls
include: verification of the test force, extensomerers, mi-
crometers, dividers. and other measursment 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 1o the 1rregu1anty of
the surface flatness.

X1.5.2 Matenals with znisotropic flow characteristcs
may exhibit non-circuiar cross sections after fracrure and
measurement precision iy be affecied. as 2 result (s=2 Note

23N

N!1.E3 The comem of
subject 10 consireint curing deformanon 2nd e onginaliy
flat surfaces r=zyv be parzbolic in shape 2fier testing which
will affect the precision of final cross-sactional area measure-
men:s (see Note 23).

X1.5.4 If anv 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 ares
values may not be representative of the material. Wir
specimens that break at or within the grips may not produc:
test results representative of the matenial.

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

X 1.6 Because standard reference materials with certified
tensile property values are not available. i1 is not possible 1o
rigorously define the bias of tension tests. However, by bt
use of carefully designed and controlled interlaboratory
studies, a reasonable definition of the precision of tensios
test results can be obtained.

X1.6.1 Anp interlaboratory test program® was conductes
where six specimens each, of six different materials wen
prepared and tested by cach of six different laboratories
Tables 2.1 to 2.6 present the precision statistics, as defined it
Practice E 691, for: tensile strength, 0.02 % yield strength
0.2 % vield strength, % elongation in 5D, and % reduction it
area. In each table, the first column lists the six matenal
tested, the second column lists the average of the averg
results obtzined by the laboratorics, the third and fiff
columns list the repeatability and reproducibility standar
deviations, the fourth and sixth columns list the coefficieni
of vanation for these standard deviations, and the sevent
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and eighth columns list the 95 % repeatability and reproduc-
ipility limits.

X1.6.2 The averages (below columns four and six in each
uble) of the coefficients of variation permit a relative
omparison of the repeatability (within-laboratory precision)
and reproducibility (between-laboratory precision) of the
gnsion test parameters. This shows that the ductility mea-
arements exhibit less repeatability and reproducibility than
the strength measurements. The overall ranking from the
kast to the most repeatable and reproducible is: % elonga-
tion in 4D, % reduction in area, 0.02 % offset vield strength,
0.2 % offset yield strength, and tensile strength. Note that the

rankings are in the same order for the repeatability ang
reproducibility average coefficients of variation and that the
reproducibility (between-laboratory precision) is poorer thay
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 resulis
for these specimens. However, examination of the test resuits
showed that one laborztorvy 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 aj)
specimens.

TABLE X1.1 Precision Statistics—Tensile Strength, ksi

Maenal X & SJX. % Sa sa/X. % r R
EC-H19 25.66 0.63 245 0.63 2.45 1.76 1.76
224-T251 71.26 0.88 1.24 0.96 1.34 247 2.68
ASTM A0S 86.57 0.60 0.70 1.27 1.45 1.68 3.55
A1 316 100.75 0.39 0.39 1.21 1.20 - 1.09 3.39
Iconet 600 29.48 0.42 0.43 0.72 0.72 1.19 202
SAE 51410 181.73 0.46 0.25 1.4 0.63 1.29 3.20
Averages: 0.9 1.30
Notz: X is the average of the cell averages, that is. the grand mean for the test parameter,
5 15 the repeatability stangard deviation (within-laboratory precision).
54X is the coefficient of vanation in %,
5g i the reproducibility standard devizuon (Datwsasn-ianoraiony oression),
$afX 15 tne coefficient of vanzuon, %.
ris the €3 % redeatanility s,
=i me €3 % reorosusiiine Lmns.
TABLE X1.2 Precision Statistics—0.02 % Yield Strength, ksi
Matenal X s s,/% % Sa sa/X. % r R
EC-H19 16.17 0.65 3.08 1.19 7.35 1.81 3.33
0124-T351 51.38 0.84 1.64 0.89 1.73 2.36 248
ASTM A105 59.66 1.20 2.02 1.89 3.18 2.37 531
ASI 316 48.62 2.39 491 461 0.49 6.68 1291
oonel 600 3874 0.46 1.18 0.76 1.86 1.28 2.13
SAE 15410 104.80 2.40 2.29 317 3.c2 6.73 8.88
Averages: 267 £.48
TABLE X1.3 Precision Statistics—0.2 % Yield Strength, ksi
Material X s, s./X. % Sa siX. % 7 R )
EC-Hg 22.98 0.47 2.06 0.48 2.07 1.33 1.33
24.7351 52.64 0.74 1.41 0.79 1.49 2.08 2.20
:ISTM A105 58.36 0.83 1.42 1.44 2.47 23 203 -
S1 316 69.63 0.94 1.35 2.83 4.07 2563 783 -
;’gﬁ 600 38.91 0.36 0.93 0.85 2.18 1.01 237
S0 140.33 129 092 2.30 16e 360 6.45
— Averages: 1.35 232 o




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

Matenal X s X% Sn S/X, % r R
HH18 17.45 0.64 3.69 0.22 ) 530 1.80 2.59
TSy 18.75 a.59 29% 1.58 8.00 1.65 4.43
3T A105 29.10 0.76 2862 D0.98 3.38 213 2.76
e 40.07 1.10 275 2.14 535 X -] 6.00
“onel 600 4427 0.68 150 1.54 3.48 1.86 4.31
#E 51410 14.48 0.48 3.29 2.99 6.83 134 277

. Averages: 2.81 5.39
Nate Al—Length of reduced section = 60.
TABLE X1.5 Precision Statistics—% Reduction in Area

Material X 5, S/X % Sa snfX. % r R
ivH19 79.14 1.94 245 2.02 2.56 5.44 5.67
T35 30.31 2.07 6.82 3.58 11.80 579 10.01
ETM AT103 65.59 064 : 128 126 1.82 2335 333
Bl 71.49 0.99 139 1.61 2.25 2.78 4.50
gl 600 £9.34 0.67 1.14 0.70 1.18 1.89 1.97
#E51410 50.49 1.86 3.69 3.95 7.81 . 521 11.08

Averages: 2.80 4.59

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item menioned in this standard, Users of this standard are expressly advised that determination of the valicity of any such
patent rignis. and the risk of infringement of such rights, are entirely their own responsibility.
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La maxima resistencia a 12 t=nsién y ¢l médule de elasticidad para cada polimero son:

Resistencia Module de
a la tensidn elasticidad -
"Polimere * (psi) (ks1) Estructura
Polietileno BD : 3000 40 Altamente ramifi-
cada, amorfa con
meros simécricos
Polictileno AD 5500 180 Amorfa con meros
simétricos pero cscasa
rammificacidn
Polipropileno 6000 220 Amorfa con pequeiios
grupos laterales de
mectilo
Policstireno 8000 430 Amorfa con grupos
laterales de benceno
Cloruro de polivinile 5000 « 600 Amorfa con grandes

atomos de cloruro
como grypos laterales

Se pucde concluir que

(2) La ramilicacién, que reduce la densidad y la compactacién de lus cadenas, reduce las
propicdades mecinicas del polietileno.

(b) Afadiendo dtomos o grupes diferentes def hidrégeno a la cadena, se incrementan la re-
sistencia y fa rigidez. El grupo metilo en cl polipropileno proporciona alguna mejoria.
el aniilo de beneeno del estireno proporciona mejures propiedades v el dtomo de clorurs
1 ¢f cleruro de pelivinilo proporciona una gran meiara en las prooicgdades meednicas.

Resistencia Moduls de

a la tension Elongacron elasticidad
Polirtero (psi) (%) (ksi)
Termoplasticos por adicidén lineales 3000-12,000 5-800 +0-600
Termoplasticos por condensacidn lineales 8000-17.000 10-300 250-600
Polimeros termceastables 4000-15,000 0-6 300-1.600

Los polimeros por adicidn lineales tienen la menor resistencia v rigidez pero la mayor
ductilidad. Los termoestables tienen Ia mayor resistencia vy rigidez pero son fragiles. La
mayoria de los termopldsticos por condensacion lineaics ticne propiedades intermedias; su
estructura molecular es normalmente mis compleja que la de los polimeros por adicion,
pero no estin ligades en forma cruzada como los termoestables.
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JABLA £2-5

Grupos tuncionales pora varics polimeros lermoestablies

Alodulo
Resistencia de
; : a la temsion elasticidad  Densidad
Folimera Estructura {pst) Elongacion (%) (ksi) (g/em’)
H
]
O
H H ;
Fendlicas 5.000-9,000 0-2 400-1300 1.27
H H
H
H H
Aminas N 5.000-10.000 0-1 1000-1600  1.50
{
C
7\ .
N N Melamina
| I
C C H
NSNS NS
h ™ N
e ~N
H
H @) H
N s
Ne—={—N Urea
Ve N
H H
> =5 H0
Puiidsiores e G G L=~ L — O — RVED Lt b RE = S S
H o £ o H
N7 N SN i os
Epbxicos ¢—C—R—C—C 4.000~135,000 0-6 400-500 1.25
7 AN
H H
SRkl
Uretanos H——O——(‘Z‘,—N—R——N—?-—O—-H 3.000-10,000 3-6 1.30
f B
H
Ve
H O
N S/
H /C
™~
Furanos C=C H 3.000-4,500 1530 1.73
N
O
/
C=C
rd N
H H
3 H
[ ]
? H—C‘:—H
Silicones . -—Sr—O——?i—-O—-"‘ 3,000-4.000 0 1200 1.55



WBLA 412-4

Polimero

Unidodes repetitivas y propledades de aigunos elastomeros

Silicén

Resistencia
a la lension, U Densidad
Esiructura (psi) Elongacion (%)  (glem’)
1
;. H H~C—-H H H
Mliisoprenc ] i 3000 800 0.93
I ] -—-—-—C==C-—C|:—-"
H H .
10
Polibutadicno i G C=C—C e 3500 0.94
R S
H H HH
H [ III o]
li{ H—C—H I;{ I'I;i lil H-—-?—H
\
Poiibutileno ---(1:-——-C=C'—(I:~—?———'(]: - 4000 330 0.92
& E{H H—C—H
I
5 = Za
Policloropreno C—-C=f"—-(;:-— 1300 800 1oz
(neopreno) | |
H H
Rk
Butagicno-estireno ol A L BEL L 600~ 3000 600~2000 1.0
{¢auche BS o SBR) ‘? C=C ?I? c
LH HiH (5
[y
Butadieno-acrilonitrito ('Z—C=C—CI3 ?—CII—- 700 100 1.0
‘_H HJH C=N
L
H—C—H H—-(':—-H H—CII-—H
O—Si—~—Q Si—0O Si 350-1000  100-700 3
I |

H

H

R,



TABLA 42-3

{continuacién)
- Madulo
Resistencia de
Polimers a la tension elasticidad Densidad
Estructura (1) Elongacion (%) (ksi) (g/em?)
Poliimida 11,000-17,000 8-10 300 1.39
18] H (s}
L ) H
7 %
"——-N\ N .
Py
H H H
4R T
TABLA 42-3  Unidaodes repetitivas y propiedodes para termoplasticos lipicos Que tienen estructuras de
cadenc complicadas
Mudula
Resistencta de
a la lensiin clasticidud Densieed
Poltinern Evtructurg (Dsi) Elangacinn () (Asi} (elem )
R '
Policter weC—0—C—0—C—0—-  9,500-12,000 25-75 520 1.42
{acctal) | | |
H H H
Paoliamida 11.000—12.000 £0-2300 400-390 1.14
favien
T~ e
3 y . i . ] '. l
---_—-'.;—C—C-—C-—--‘.;—C—;\'-—C-—C—C-—C-—-C—C-—;\'—---
T T T T il
4 K H HHH H HEH
Poliéster §.000-10.500 50-300 400-600 1.36
(dacrén)
H o) 0 H R
| i | [
—C!'.—O---C L—O—(i.'.—(l.—o—
H H H
Policarbonato 9,000-11,000 110-130 100—-400 1.2
i
H—(I.'.——H Cﬂ)
Yot tene s
H—C—H
]
H
Celulosa 2.000-8.000 5=50 2060-250 1.30
H H
I {
P
C—-



* TABLA 42-2 Meros y los propiedades de algunos termopldsticos preducidos mediante polimerizociéon

por adiclén
. Module _
Reststenera de
a la temston 5 elasticidad . Dessidad
Potimero Estructura (psi) Elongaciin () (k) = (elon’)
H H
Polietileno I ]
baja dcns_idad (BD) tom G G 600-3.000 50-800 13-40 .92
alta densidad (AD) 1] 3.000-5.5300 15-130 60180 0.96
H H ;
17
Clorure de polivinilidgno vs e C o C e o 5,000-9,000 2-100 300-600 1.40
‘ [ ]
H H
H B
Polipropilenc —-Li"- ﬂi‘-- $:000-6,000 =70 160220 U
H H—-CIZ--H
H
How
Pzilestizane "C—C_' dorat g =i AN R
H N
N
H K
i
SO o R o
; o : |
Polimatiimezacrilato I'!'{ C=0 6.000-12.000 2-5 350—450  itol
{Plexiglass acrilico) i
i
H——?-—-H
H
1 9
Cloruro de polivinilo A GO - 3.500-5,000 160-240 30-40 1.15
!
H Cl
F CI
Policlorotrifluoroetileno et 4.500-6.000 80-250 150-300 213
|
F F
F F
Politetraflucroctileno i | 2.000-7,000 100-400 60-—B0 2.17
(teflon) ‘_CI_(I:—
F F




PROPIEDAD FILRAS NATURALES FIERAS ARTIFICIALES (ORGAMICAS) | FIBRAS .
e LAFIBRA b vrgeTaLes AN IHALES CONTENSACION * § ADICION [ARIHIFICIALES
: INORGANTCAS
| NOMIRC DE FIBRA | 'ALGODOM {ANA SEDA HILON TERYLENE |{POLIETILENO| VIDRIO
Frorotna -
Unipap #onoME | Cerutosa | QueraTina | Y Amn10a EsTER . . EriLEno S10,
SERICTNA
RESISTENCIA: _ ;
A} ALCALIS - ALTA BAA BAJA ALTA REGULAR BUENA MALA
Ay gg‘;‘iﬁ’:;gi ALTA AN ALTA REGULAR REGULAR REGULAR BUENA
) Ac100s BAJA BJA RAJA BAJA REGULAR BUENA - BUENA
0} HoHgns REGULAR RES! AR RALA ALTA ALTA ALTA ALTA
E) INSECTOS RIA nALA _BaJa ALTA ALTA ALTA ALTA
NEAS10A9 LS4 arew’ | 152 ezl 1,22 Lig o/’ 113 1 0.30.90f| 2.52.7 ¢/cf
335oR5ENC 1A HaD I 7-3.57 P : 53 42 CAST 5ull T l
LGNG[T'!:} Eﬁ: I E T=oToo ".-:-':‘. 3 1[]0(:, s g
T (504 172-85um 35=35.0mm 3 i Z:‘J"\LLG 25-125mu |
A .; :-.- ! '-:"E 1 » i b SO > =
??);:égghplsﬁug 4,2 ks/emé 1.0 x 2 J.,IUKG/CHZ 50‘70!(6/012
7 T ) : H 1 e »
SRRl L uaw I 4.90 5.0 4.900 400 | - 21.00
PERATURA MAX, o
i 104 200 210 220 70 750
DIAMETRO 20 15-50 8-15 .




an wAanA

EJEMPLO MGNOMEROS POLINMNERTD . Uses
(UNIDAD MONOMERICA)
o [2) ? [e] )
" : 1 it K
POLIAMIDAS HOC-(CH,) - COH =C-(CH,) - €~ HH-{CH,) = Nt~ Fibras y ob-
{nylon} : ! H “H jetos molde)
ACCADIPLLCO é . s
s & Q5.
- HoN=(CH,) N, -

HEYAMETILEN DIAMINA

POLIESTERES

(dacrén,mxlar,

fortret)

-] Le)

n [} ]
HOC-E’_\>-C-0H‘
ACICO=TEREFTALICO
HO- (K, ) =04

Sl N=2
ETILERGLICSL

=] =]
i n
(N G R~

Pollimercs i
neales, fi=|
bras, cintas
magnéticas.

POL'ESTERES —_ FUBIZAIZD Finturas , po-
T~ FTALICY o liesteres ¢
’{__;f CH - CH-CH, -0 cadena cruzd
'0-CH, ~CH-CH,~CH o ' da.
Ho-C 2 G Cllz o o ]
GLICERINA  OH ' 1
PCLIiZSTERES 9 3 Cadena cruze
t te 0 0 dée ccn esti-
EO-C-LH=CH-0~0N = 5 rerd y perd-
-{-CsCH-C-0-{CH, :;"3- x e :
[ =23 "H.}',-:H Z sri.ez=dlteat
: 5 ‘,-.‘.h T2 oviislc, a
SR il T !:
: e r—————— e e 4§
PREZI A FIL, e i . . LM% AREeat
LA, e N Wi, = ~inrgs,sIte i
FLRaALDTHEIL S Toss D TN il :
e ~u =n Sl i f.c2s. i
P e, oy L “_\“' n,‘/ =
L= - L SR -~ - ‘r‘ e
e Slitin
| FORHALDESIZQ =0 %
FINOL
: X
ACETATS ©F =Tt 2m9-C-CH, Paiteuis fo-f
SELULOTAY i 5 }— 4 trerifica.
4 ChREELES 5
‘-GN—‘: \

Chgfl."=0 ACICO
AZETICC

~_

l1

cm—

::-3
\O

-
(3]
~
~

POLIMEROS POR CONDENSACION.



[PPSR

e e — =

o b

EJEMP LY "M ONOMERDS. {UNIDAD MONOMEFRICA) UsSos
POLIHERD "

Ci-lz-CH2 -CHZ-CHZ- : El mas comln e im

POLIZTILENO partante golimero

=TT ’ s bolsas, aislamien

[} — r —

ETILENO _.-c.:, - C¥l, s -y hiocallas. <&l

deadas.
‘CHymeH —CH_~CH- Fibras para alfom
POLIPROPILEND { 2 bras interiores y
- - (:l-l3 - - CH - exleriores.
PROPILEND 3

* CHZ-CH -CHZ-CH- Mcldeo de objetos

POLIESTIRENG |, - f # s gxra uso doméstico
ESTIREMG = e industrial,
FOLI CLORURO DE “CH.,=CH - T-CH,-CH- 7 | Rzcubrimiento de

VIiNILO . = é =1 piscs acetatos de

! - [ 2iszes, tebos gora

FVC CLORLRE 2% vINILO agus, envases y bo

jteiias transcaren

J ite

- - - . " I
PCLITETRA * J-, U F ; F F Csras inastillichbier
RO CGE £Z71ILZ \\\,C = C(: = % = ¢ - fesistantaz @ z2licy,
TIFLSH P.-.;} F ~F F 4 fes gufm cas. T
TITAAFLUORO ETILEND |

PCLINETACRILATS CE ! Gt_;-‘.';-CHB | C=L-2-1H, Vidrioa irre=piale vl
¢ i Honl I T - L e eiasiai 2
MITILE L Cand LerlL-peTs [ = E PpiaTuras lazex. il
7 CH. TRILATY. ; L.‘B i .
SR AIRILL MITRITL PRI T S R > inzigs A= - o
3 e ¥ * g :
: aEl L EEErEs g oo : i E S o i
! - s e me ¢ iTT=oirel
i FUI=AQTTATS U Vi 2=y G e e
. -l ="
NPLG | O 3 Y ' g
-—. - . 3 T
i | :\CE!AI . ,.' X 1 }'
; Po2€ vimiie | 3
| RULZ MATuRAL | ity i -
| ! - i
Cliaf-CH=lH_ e W -l
| < < 3 S P " i
} £iS-i SCPAEND ; N i
r l. |
POLICL_GACERENG cl Ci {en Ca de—aas cruza- i
5 L]
UJECPR.:!C, e O e N SE P e 1t de Za D owed ra-
Sz CaCi=Ch, iy i, !.?‘.:e'\.c 3 acaitey!
CoSROPEEND i . iostclinas, |
. .
ESTIRENI-IUTADICHS | CH  =Cit,  ESTIRSHT j<on cadenas zruza- |
t33RY i . - ‘938 ¢ Sxida:
why - s +15% CT@ oerogxidd s
P TH, = CH=CHZ THa CH=CF o i
' ~ : 2 F :z. s comGn huie -
@ BuTAS ENC F‘-\q iusado para llantas,:
{5 eCi=Cri=0H I S T 1RLetides 0y B ias !
' : Y 2 i s X i mnn, 4;'

POLIMEROS POR ADICION.



TABLA B.3. VPROPIEDADES MECANICAS DE LAS ALEACIONES [Jd‘E.HAS NO FERROSAS*®

L tPsra convertic Nfm? en kgliem?, muitipliquese por 1.620 x 10~ y en bipulg®, por

% x 10-%,

401

L 1Pars convertir N - m.kg en kgl * mkg. multipliqueze por 9.80 y en b - pulg’lt

) Madulo Neme.] Limite de
g Resisten- lde etasss Parcieato] Resi r:n;: jfatigs par
Composicién cla a 13 | B3 cidad en €3 scen- flex Feso.
Aleacién : eedenclza | iz a la i de elon-| cia ol |durezy| HeXlones | o, o,
. aproxmada, e tensién, tensidn. b ran en] corte de [fevertidas, ple?
ospip: pls 1 weis
Nescién de aluminlo 2024: Aluminio $3; cobre 4.5 ) "
Temple O } magnesio 1.5; manga- { 11 000 27 000 10.6 - 18 000 H30 13 000 0.100
Temnle T36 cera 0.8 57 000 72 000 19.6 13 42 oo | Bso 18 000 | ©.100
Aeacién de aluminio 2014- " . .
Temple O M‘a’?in‘% :_3' ::br:n;: f 14 000 27 000 10.8 18 18 000 Hy2 13 000 0.102
Temple T6 S8 macaetis S | w000 | 70000 | 106 13 42000 | Bss | 183000 | 0.102
Meacidn de aluminia S05%-
Temple 0 } Aluminio 97; magnesio 2.5; [ { 13 000 28 009 10.0 30 18 0G0 | W82 | 16 oo 0 0%
Temple H38 cromo 0.25 { 37 000 32 Cvo 10.0 8 24 000 E83 | 20 ooo 0.0v6
Meacién de aluminio S456: — "
Temple 0 } M:gf‘“:: a::;e::’g".ﬁ ":o. [ 23000 | 45000 | ... 2 23000 § .. | ..on. 0.092
Temple H321 bre 0.18: cromo 0.15 27 000 51 000 i 16 30 000 var o buewes 0.092
Aleacién de aluminio 7075:
Temple © Aleacién 90; cinc 8.5; " .
Temple TS } cobre 1.5: magnesio 2.5: { 'f':; % 2 ggg 'l-: fg ggg ﬁgt; 23 000
Alcacién de magnesio AMI00A. sromin; 03 -
Tundiclén, .
F::d;:lo:: :::::;?: 1.1'-61 } Magnesio 90; aluminfc 10: || 12 0nn 22 000 6.4 a 18000 | Eod | 10000 [ 0.006
: fanganeso 0.1 { 22 guo 40 000 6.5 1 21 000 | Es0 10 QoD 0.0c6
Mracién de magaesio AZ53A: ;
Fundicidn., condicién F } Magnesio 91; aluminio 6; t4 000 29 000 6.3 B IS Qo0 E39 1L 000 0.06Gh
Fundieién, condicién T6 cine 3; manganeso 0.2 { 19 000 40 000 G.5 3 20 000 | Es3 it oo0 0.056
fopledades eiasticas d2 matzcisies rapresentatives,
temperatura aidinaria
Madulo Rigidez especifice
Youny Belacidn Ea.
Matesial E, 10 Nim*! de Poisson.» 165N - mikg!
Fratito 139 5000 TABLA 6-3  Reiccién entre el
fistales de Al,Cy tzafire) : médulo de 2loslicicad v In
(1010] 230 384 temperoiura ge fusieén g lor metcies
[;;50] 125 ?IO Teagaatzrz di Medzle A
{ooct] .453 120 Fstiz elespisidad
1o 45 o1 190 Aetal °C) (p)
bure sinterizada 1WQO) 63 0.3 48
itreo-cerdmico 10 .23 39 Ph g7 2.0 x 197
idrio de silice g i 33 -\ils e B3 % 1
; £y ; oit 50 1.0 ¢ 19
leaciones de aluminio 7 0.3 26 7 oo HEG & 1Y
ro A ey P Ay 962 10.3 5 16
s ‘_;q ; Au 1064 113 « 107
wgstens 1 0.2 2 Cu 1035 18.3 # 1f
adera (tipicalk I Ni 1433 299 x 108
longitudinal § -1 ~004 16 Fe 1538 30.0 % 13
radial 0.07 ~0.3 1 tj_u_ S6io 434 % 1
tangencial 0.06 ~0.3 1 J 3410 53.3 = 14
leaciones de cobra 12 ¢.33 i2
lon (nylon} 03 0.48 2
dietileno 0.03 . 0.3 0.4



TABLA 13-2  Propiedadas de algunos maletiales telorzados con ibros

Rewteneia Midule e Temperatura Alddula Kesistensia
Deasided e la tensivn elasticidad © de furiin especifice evpecifica
Material (t/em’) (k) ( x 1F pii) (*¢) (x I ply) (= 1P ply)
Vidria ¥ 2.3% 5010 10.% <|728% 1.4 56
Vidrio § 2.50 630 12.6 <1725 14.0 7.2
8iQ, 2.19 830 10.3 1728 18.3 0.8
AlLC, At5 300 23.0 2015 21.9 2.6
0, 4.34 300 50 2677 28.8 1.7
Grafito HS 1.50 400 40 $700 74.2 7.4
(alta resistencia)
Gnfito HM 1.50 270 77 3700 148 50
{alto méduley
3N 1.%0 200 13 2730 18.8 2.9
3sm 2.26 500 55 2030 4.7 4.7
8.C 2.26 330 70 2450 82.4 3.3
siC +4.03 e pae 2700 47.3 2.2
Tid, .48 13 74 2940 43.3 e
B 1.83 133 44 1277 77.3 1.1
w 19.4 380 39 3410 3.5 c.3
Mo 10.2 349 39 ) 2610 141 d.o
Kevlar 1.44 325 1A 34,7 16.1
1VAirkers
de AL, 1.94 3ou0 62 14R2 43.4 2.0
e BeC) 2.83 1900 50 2550 48.5 18.5
de B,C 2.32 2000 70 2430 76.9 22.1
de SiC 3.18 3000 20 2700 60.8 26.2
de Siy N, .13 2000 55 - 47.8 17.5
de gralito 1.66 3000 102 . 3700 170 50.2
de Cr 7.2 1290 35 1890 134 4.9
de Cu 8.92 427 18 1033 LX) 1.3
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PARTE 2 — CrriMmicas (Tomados de medios numerosos)

; -

?‘:f::,‘:fc‘i“f:d- Expansién | Resisdvidad " Médulo de.

M sal Gravedad calem térmica en eléctrica en elasticidad

ateri - especifica e plg/plg/°C obm-cm promedio,

*C-cmiseg - a 20.(:1- a 20‘01 lblp]g" a 20°C
a 20°C* - 7
— = — — e
ALO, 3.8 007 £3) 5% 10-° -~ 50 X 10°
Tabique .

Edificio 2.3(x) 0.0015 5 X 10~9 . - L.

Arcilla fuego 2.1 0.002 2.5 X 10—¢ 1.4 X 108 —

Grafito 1.5 — 3 X 10— —

Pavimento 2.5 —_ 2X 108 — —

Silice 1.75 0.002 - 1.2 x 108 —
Concreto 24{x) 0.0025 7 X 10-6 - 2 X 10°
Vidrio

Plancha 2.5 0.0018 5% 10-¢ 10t¢ —

Borosilicato 2.4 0.0023 1.5 % 10-8 — 16 X 10°

Silice 2.2 0.003 0.3 X 10-¢ 1020 ! 10 X 10¥
Vycor 2.2 0.003 0.353 X 108 - _

Lana 0.03 0.0006 — —_— —

Grafito (bulk) 1.9 — I X 10-6 10—3 . 1% 109
MgO 5.6 — 3% 107" 105 (2000°F) i 30 X 10°
Cuarzo (SiO.) i 2.65 0.0 ] 7X 107¢ | — | 45x 108
sic | 317 0.029 i 2@3xI10-% | 2.5 (2000°F) -
TiC | 4.5 ] 0.07 : 4+ X 107 | 50 X 10-¢ 50 X 108
PARTE 3 — MATERIALES ORGANICSS {Tomaces <s nurnerosos .f"..eéicé ;:_
| Conductividzad - » G - .. ) :
: o Expansion Hasisuuvicag Moculo ce !
: - | Gravedad ity térmica en ° elécrrica en elasdcidad !
: Marerizl | especifica ‘ pig/plg/°C ! shm-cm . promedio, :
; *C-cm*-seg 2 20°Ct i a20°Ct i 1b/plgs a 20°C ;
! a 20°C* ! : :
Melamina-formaldehida | 1.3 | 00007 | 153X 10=% | 1013 i 13x 108 |
. ! : a - :
| Fenol-formaldehido 1.3 0.0004 40 x 10-¢ 1012 0.5 108 i
{ Urea-formaldehido 1.3 0.0007 i 15X 10-C 10:2 1L.3X 105 ¢
Hules (sintéticos) 1.5 0.0003 : — — 500~10,000
Hule (vulcanizado) 1.2 0.0003 ' 45 % 10-% 1084 0.5% 108
Polietileno 0.9 0.0003 © 100 X 10-¢ 1013 —_
Poliestireno 1.05 0.0002 . 83x 1070 1018 i 04X 108
Cloruro de polivinilideno | 15 0.0003 . 103X 10°¢ 1013 005X 108
Politetrafluoroetileno 2.2 | 0.0003 '1 33 % 166 101 ' —_
Metacrilato de polimetilo 2 L 00005 . 30x10°° 1016 I 0.5% 10
Nylon S E R 0.0006 P35 x 10" | 1044 boooax 10t |

* Multiplicar por 0.806 para tener Biu-plg/"F.pic.seg. t Multiplicar por 1.8 paza tener em/em/"C. [ Dividir entre 2.54 para tener ohm.pig.



'TABLA 10-8 Designaclones de grado de endurecimiento poic gleagiones de cobre

Hxx—trabajada en frio. (xx indica el grade de trabajo en frio.}

Reduccién porcentual en
cipesor o diametro

HO! § dura 10.9
H02 |} dura 20.7
H03 1 dura 29.4
HO0+ dura 37.%
HO6 extradura 50.1
HO8 de resonrte duro 60.5
Hi0 de resorte extra 68.6
H12 de resorte especial 75.1
H1+4 de superresorte 80.3

Mxx—rtal como sc manufactura. (xx se refiere al tipo de proceso de fabricacion. )

Quxx—recocida. (xx designa ¢l método de recocido.)

OSxxx—rccocida para producir un tamaiio panticular de grano. (xxx se refiere al didmetro del
grano en [0 mm. Por tanto, O3025 senalaria un didmetro de grano de 0.025 mm.)

TBO00—tratada por solucién.
TF00—endurccida por envejecimicnto.

TQxx—templada y revenida. (xx da detalles del tratamivnto térmico.)

TABLA 410-% Composiciones, propiedades y aplicaciones de algunas Gleaciones de niguel y cobaito

Reshitencra Esfuerzu de )
@ {u trnsion Nucencta Elongacion
Material (psi) (pri) (%) Aplicaciones
Ni puro (99.9% Ni)
R.ecocido 50,000 16,000 45 Resistencia a la
Trabajado en frio 95,000 90.000 4 corrosidn
Monel 400 73.000 39,000 37 Vilvulas. bombas
(Ni-31.5% Cu) ' cambiadores de
Superaleaciones de Ni caler
Hastelioy B-2 130.000 60,000 61 Reststencia a la
(Ni-28% Mo) corrosién
MAR-M246 140,000 125,000 5 Macores de reaceién
{Ni-10% Co-9% Cr-10% W + Ti, Al, Ta)
DS-Ni 71.000 43.000 14 Turbinas de gas
(Ni-2% ThQ.)
Superaicaciones de Fe-Ni
Incoloy 800 59.000 41,000 a7 Cambiadores de caloc
{Ni-46% Fe-21% Cr)
Superaicaciones de Co
Hayvnes 25 135.0010 65.000 60 Motores de reaccidén
i50% Co-20% Cr-15% W-10% Ni)
Estclita 6B - 77.000 103.000 4 Resistencia al desgaste

(60% Co-30% Cr-4.5% W)

por abrasidn

Daton de Afremls fandinnl, Vol. 3, Ya. o, Atecruan Sty b Motab, (4980




Electo de los mecanismas de endurecimlento en el aluminio y en las aleaciones

TABLA 10-1
de qluminic
Reststencia Esfuerze . ‘s
. -a la tension dfﬂfumci: Elongaciin Esfuerzo de fluencia (aleacidn)
Aloterial (psi) osi) (%) Esfuerzo de fluencia (pura)
Aluminio puro recocido 6,500 2,500 60
(99.999% Al)
Aluminio puro comercial 13,000 5,000 45 .20
(recocido, 99% Al L v
Endurecide por solucién . 16,000 6,000 35 2.4
sélida
(1.2% Mn)
Aluminio puro trabajado 24,000 £2,000 15 8.8
en [rio un 73%
Endurecido por dispersidn 42,000 292,000 35 8.8
(5% Mg)
Endurecido por .
envejecimiento 83,000 73.000 1 252

(5.6% Zn-2.5% Mg)

Datos moditicados de Arrals Hangbosk, Vaol. 2. 9a. od.. American Socicty for Meals, 1979,

TABLA 10-7 Fropiedades de aleaciones tipicas de cotre opleniacs per alferentes mecSnismaos ce
endurecimiento
Designacion de Resistencia Esfuerza de Lionga-
#rado de a fa lensicn Aluencia cin Mecanismo de
Matertal endurecimiento {psi) (psi) (V) endurecimuento
Cobre puro, recocido 30,300 4.8300 60
Cobre vomercialmente purn, Q3050 32.000 10,000 33
cecocido para engrosar
vl tamafho de grano
Cobre vomerciaimente purn, Q5025 34,000 11,000 55 Tamaiio de
recocido para alinar grana
¢l tamafo de grano
Cobre comerctalmente purs, H10 57,000 53.000 4 Endurectmicnto por
trabajado en frio delormacion
Cu-33% Zn recocido 05050 47,000 15,000 62
Cu-30% Ni tal como sv fabrica 320 33,000 20,000 43 Satucian sdlida
Cu-10% Sn recovido 035035 66.000 28.000 63
Cu-353% Zn trabajado en friv HIio 98,000 63,000 3 Solucidn
silida +
Cu-31)% Ni trabajado en frio HS8G 84,600 79.000 3 Endurecimiento por
deformacion
Cu-2% Be endurecido por TFGO0 190,000 175.000 4 Endurccimicento por
envejecimicnio envejecimiento
Cu-Al templado y revenido TQS50 110,000 60,000 3 Reaceion
tartensitica
Manganeso bronce fundido F 71,000 28,000 3¢ Reaccién cutectode

Daven dy Metals Handbeol, Vol. 2. 92, .. American JSaicy b Metals, (479,

*




TABLA 40-2 Sistema de designacién para los oleaciones de aluminie

Aleaciones para forja
ixxx Alum. comercialmente pure {>99% Al) Nu envejecido

2xxx AlCu Endurecible por envcjecimiento
Ixxx  AlMe No envejecido
+xxx Al-Siy Al-Mg-Si Endurecible por envejecimiento
si hay magnesio presence

Ixxx  AbMg No cnvejecido
Boex AlMg-Si ) Endurecible por envcjecimiento
Txxx AlMg-Zn Endurecibie por envejecimicnto
Aleaciones fundidas
ixx.x Alum. cotrercialmente puro No envejecido
2xx.x Al-Cu Endurccible por envejecimicnto
Jxx.x Al-3i-Cu 6 Al-Mg-Si Algunas son endurccibles por

’ . envejecimiento
dxx.x  AlSi No envejecido
Sxx.x  Al-Mg No envejecido

Ixx.x Al-Mg-Zn

Endurecibic por envejecimivnto
Bxx.x Al-Sn

Endurccible por envejecimicnta

TABLA 40-3 Propiedades de algunas aleaciones de aluminio

Reststencia Eifuersy de

a la temsionr . Huencia Elvnpacivn
Aivacins (a1} (i £5) {omsenzar:a;:
Aleaciones para forja no tratadies
térmicamente
1190-0 >Q9% Al 13,000 5,000 460 Compunentes eléctricos, hojas
1100-H18 24.000 22,000 1 metdlicas finas (**papel’’),
3003-0Q 1.2 Mn 16,004 6.000 33 resistencia a la corrosidn.
3003-HI8 29,000 27.000 7 Latas para bebidas, aplicaciones
4043-0 3.2 5 21000 10.000 23 arquitecténicas.
5036-0O 5% Mg 42.000 22,000 35 Metai de relleno en soldadura,
5056-H1§ 60,000 50.000 15 recipientes, componcnies
Aleaciones para forja tratables mannos.
térmicamente
2024-0Q 4.4% Cu 27.000 11,000 20
2024-T1 68.000 47,000 20
4032776 12% Si-1% Mg 55,000 46.000 g T'runspories, aerondutica,
6061-T6 1% Mg-0.6% 5i . 15.000 40.000 15 astrondutiva v otras
*TU75-T6 5.6% Zn-2.5% Mg 23,000 73.000 11 aplicaciones de alta cesistencia.
Alcaciones para fundicién
295-T6 4.53% Cu-0.4% Si 16.000 44,000 ) Arcna
319-F 6% Si-3.5% Cu 27.000 18,000 2 Arcna
34,000 19,0000 25 MNuokde prrmmanen
356-T6 7% 5i-0.3% Mg 33.000 24,000 35 Arena
33,000 27,000 5 Molde pertnanente
380-F 8.5% Si-3.5% Cu 16,000  23.000 35 Mlolde permanente
390-.F 17% Si-4.5% Cu-0.6% My 41,000 35.000 i Coquilla
443-F 5.2% Si 19.000 8.000 8 Arcna
23,000 9.000 10 Molde permancente
33.000 16,000 b Coquilia
713-T5 75% Zn-0.7% Cu-0.35% Mg 30,000 22,000 4 Arena

Dastvrs mndificachn de Alctals Handbowk, \Vol. 2. 32, ol Ammerican Sucicty ke Metals, 1979,




TABLA 10-10

Propledodes de algunas aleaciones de titanio

Reststencia Esfucrzo de
¢ {a tensidn Sluencia Elongacidn
Afaterial (psi) (psi) (%)
Titanio comercialmente puro
99.5% Ti 35,000 25,000 24
99.0% Th 80,000 70,000 15
Aleaciones Ti alfa
£% Al-2.5% Sn 125,000 113,000 15
Aleaciones Ti beta -
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 3
Alcaciones ‘T alfa-beta
8% Mn 140,000 125,000 15
6% Al-4% V 150.000 140,000 8.
Datos de Merah Hamdgbowi. Vod. 3, Da. .. Aanerican S iery for Metads, :a;;u. o -
TASLA 40-11  Propiedades de metales refractarios ’
Teaperatura aminenie 7 = 1000°C
Temperatura Resivteniia Esfucrza de Resistencra Esfuerzo de
de fustdn Drasidud a lu teasion Juencia Elunypucian a la teasion Sluencia
Metu! (7C) (otem? ) (p1) (i) o) (bsi) (i}
Nb 2470 §.58 13000 20,000 23 17.000 i T e
Mo 250 ¢ 122 ity 30.¢00 13 38,000 20,006
Ta Ieln 25 30.000¢ 33,006 23 27.000 21000
W REZES 905 300,000 290,000 a E4.000 153.000
PARTE 1 — METALES (Tomados de medios numerosos)
| : L v .
| i Cmt‘é““.“"d‘d ! Expansion |  Resisdvidad Médulo de
. ! ) r;:-:uca térmica ! eléctrica en elasdcidad i
Maerial ‘ Densidad _satem plg/plig/°F i ohm'cm promedio,
: *C-cm®-seg a20°Ct : 220°C? b/pig: a 20°C
| a 20°C* |
- — —
— = : =
Aluminio (99.9-) ! 2.7 0.53 1256 X 1076 | 29X 10-¢ 10 X 109
Neaciones Al | 27 0.4(=) 12X 10~¢ | 35X 10-%+) | 10x 108
Latén (70Cu-30Za) . 83 03 1nx10-% | 6.2x10-6 boiex 105
Bronce (95Cu-58n) i 88 | 02 10 X 10~* 9.6 X 10~5 | 1ex10t
Cobre (99.9+) . 8.9 ! 0.95 9 x 10-¢ 1.7 X 10-8 : 16 X 10 |
Hierro (99.94 ) rer | 0.8 6.53 X 10~° 9.7 X 107¢ | 29x10°
- = -8 ) 3]
Plomo (99 +) ¢ 1134 ' 0.08 16 X 10-° 20.65 X 10 : \ 2 x igo |
L ¥ -8 = -- x
Magnesio (99+-) | 174 | 038 et B35 168 i TEx 108 |
Monel (7ONi—30Cu) 35 i 006 8 . = s |
. 0% 10-* | 18X 105 |  1ux10 !
Plata (sterling) 10.4 10




PROPIEDADES MECANICAS

. TABLA B.1. DE 108 METALES
NO FERRQSOS*
Médale :
Besistenctt | putirects |44 gustied- | Bonpaetéa | ¥* 8 pey
Mesal 'hmp B temife] did o a3 pg ‘i“ Ib/ples:
e B teaxd porceatae
wmpr | O s 8 Betuail -
Cotre. 0.25 plg gromss:
Beeoeldns oo v 0.05 ma| [0 000 | 32 oo 18 45 47 0.270
N'I;hui eveseEa Vesaasees 45 000 50 000 16 12 105 0.320
Eolede e allmte......... 25000 | 75 0% 30 43 110 2.310
Rlas damo.............. 120 000 | 140 000 30 2 0.319
Cing:
Vaciadd ..ioiiiieeiieen] eeee-s & oco 1 1 0.260
Liglm rods doa ...... 5000 | 24000 12 as 0.0
Alendeio:
Naclado e arem, 1100-F. 000 11 000 9 20 . 0.057
Limizs reocids, 11000 .| & 000 13 000 10 35 23 0.097
Limim dz=, 1100-HIS ... 2: 000 | 24 00C 10 5 44 0.097
Meomesio:
Tacltdy ..ol 00 13 0C0 6 6 30 0.063
Brvmds ............... 1200 ] 25000 6 8 35 0.063
Rulads ...l 3000 { 25000 G 4 40 0.063
TAZLA B.2. PROPIEDADES MECANICAS DE LAS ALEACIONES PESADAS NG FERRCSAS
Resisten- | Médulo |porcien- _ ;
i . : Resis- lasti- Resjs- | Mume-
B i Composicién ?c?ict:l:iaa tenciz d"'c‘id"‘fj‘ to de tencia | 0 de | Peso,
Aleacidn aproximada, iy ala |per ten-| elonga- al durezal lb/plgs
| porcentajes oo ¢ tensién |5ién, 100] cibn en | corte, Rugﬁ
; lbrpigz | B/PIS® |1b/pige | 2plg | Ib/plg?; W
ibre:
‘iincoc%g;a corte Libre Cobre 61.5: ci 15 6ng 4 12 53 30 000 | FGR 0.30
¥ duro 15% de reduccién } eE e 45 o0 | 56 oo 12 20 33 000 | B2 0.30
Medio duro, 25% de reduccién < P 32000 [ 65 0 14 18 38 outl | Bsu 0.30
Lu’m con olzo contenido de plomo
(0.04 plg de grueso): . _ _, . ’
Recocido. grano de 4.050 mm } Cobre 85; cinc 33; { 15 00 LY B2 55 A om | Fes 4.30
Extraduro plome 2 62 0w 33 15 3 45 G | Dav 0.30
kwn rojo (0.04 plz de grueso) » . ) e
fecocido, grano de 0.07Q m}'Cobre 85: cine 15~ { 10 000 3¢ (no 12 8 A1 tMui | FGo .31
de grueso extra duro Gl () 3 i3 - 44 1383 .31
tonce al alurninio:
V3ciad° en arena Cobre Bg aluminio { :.15 W) 7.:'-] nno s '“_’ ...... 0.30
Exmruido i 8 hxerro 3 37 s 82 (v} 18 2 ] o) ... 0.:20
re al berilio \ -
A (soh;kclon mcm_ida) } Cobre 97-9; beﬂﬁo siemsse i ﬂ?n (".‘ll: l-\: 32 ...... BG‘“‘ 0.32
H.T. endurecido 1.9; niquel 0.2 150 00 1 200 000 18 LI (- Ci2 0.32
ronce al manganeso (AY: Cobre 58.5
.9; ecinc 39; . iz . ax . -
Recocido, suave, dure 15% de hierro 1.4; estadio g} :::': ‘3::‘: ?}3:: }; ‘)g ::’ &08 gfia 0.30
reduccidn 1; manganeio 0.1 8= . 2 T O Yty (.30
i, En %% @dis " 22000 | 49 000 13 57 B3t .32
ecocldo, grano da mm); . - 23 ¢ i3 T X .52
Emadum qrano de 0.015 mm ! $O0Te 99: estadio § { g2 000 | 9d om 17 T Bus 052
tonfquel, 30% : =
ch 2 1400°F. Laminado }{ Cobre 70; niquel 30 |{ 20000 { 83000 | g L I By | 032
en frio, 50% de reduccidn ? rp. Qe U] RS (h¥) €2 13 weeaee | BSL 0.32
m Ll




TABLA 10-14 Composiciones y propledades de aigunos aceros Inoxidables

. Resistacia Esfuerzo de
- a la trsién Suencia Elunpacion
Acers % C % Cr % Ni Otras (psi) {psf) (%)
Austenitico
201 0.15 16—-18 3.5-55% 5.5-7.5% Mn 95,000 45,000 40
204 0.08 18-20 8§.0-10.5 75,000 10.000 30
304L 0.03 18=-20 B-12 75.000 30,000 30
321 0n.08 i7-19 912 Ti(dh x %0 85,000 $5,000 55
347 0.08 17-19 9-13 Nb (10 x % L) 90,000 . 35,000 50
Ferritico :
430 0.12 [6=18 65,000 30,000 22
442 0.12 18-23% 75.000 40,000 20
Martensltico
416 0.13 12-14 0.60% 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 0.73% Mo 283,000 273,000 2
Endurecimiento por
precipiiacian
T4 0.07 16=13 1.3 0.13-0.45% Nb 190,000 170,000 10
i7-7 .69 |6~18 6.3-7.8 0.75-1.23% Al 249,000 280,000 6
Mudilicnda a panir de Vel Handbeak, Vid. 3. M. o)., Amerwat S wy boe Netals, 195 %
TABLA 40-15 Propledadas represuniofivas de tundicliones tipicas
Resistencia Esfuerzo de
a la tension Jluencia %
Clasificacidn {psi) {psi) d
Clase 20, fundicidn gris 12.000-40,000 <1 CE > 4.2%
Clase 40, fundicidn gris 98.000-~34,000 - <l CE<4.0%
45018, lundicién maleable 53.000 35,000 i8 Ferrita
90001 ., lundicion maleable 105,000 90.000 1  Martensita revenida
60.40-18, fundicién dieuil 60.000 £0.000 t8 Ferrita
120-90-02 , Jundicién diictil 120,000 90,000 2 Manensita revenida
Fundicién de grafito grado B 30,000 40,000 | Ferrita + perlia

compactada




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

i st e rmgen | -
t
Resistencia al Médulo de
inleasil‘tznch a B“u;f:d. m.iép“ d;sdlii N 1 u::ltl
a torsién. 108 1 dmaro .
kips/pig? cedencia kips/plet g de elon- “.de |Médulo %" durecién,
Material - por e+ ipeme] S3cién en | durea | Wusclds n
1 Resls. compraeidnt | Resis, . 2 plg d‘ le In
! "ala | U | Kpe/pig? s 1a | U+ | Teagsn| Corts Brinell Xps/p
v ceden- ma keedencint ms .
) . : cliat
H T = T - K i

T - LR eeaaes . 20 a5 37 15 ¢ 1 130 80 11

clon bladick L ...L.ieeioLlas 1 0 100 e 60 20 8 400 .

cién al wiquel, 1.5% de ni-!| a0 . . ' 200
R e e R WiE S 43 (V)] Ly o a | h
maleable . o.eeens.. O L %0 3 19 i3 25 10 o oz Vo ! 26

lingotes, recceide, 0.02% ! H ]
ey 81§ 42 71 ta | =m0 o 4§ (' T N t 26
forjado, 0.10%; de carbono.. 40 | 30 30 15 ! 33 21 | 10 30 100 14 C00 ] 23
020% de carbomo: 1 H : '
bolado #n caliente . vovcevrrannas R €0 24 7 45 30 ! 12 3 ! 170 16 300 21
kiado en frio  .......00000..n 1 fic : 80 o0 36 . nho 30 i 12 13 160 12 000 1 40
ndiciones rececidas ... ...... i3 o 15 2y E 3 FOJE B A 23 ;0 130 '

, 0,407, de carbena: ; . i ! i

lindo cn callents .. ; : 2 ! 70 42 23 33 L' I L 25 i 135 I
umlento térmico para grano i I . i i 50 ’

] Hasdrdsaca e Lt A e : 50 o s} ah 5 10 . 13 as : 1

udéeloneld recacidas .......... i35 65 s 21 1 oaa 0. ! oz 13 : 130 ° :
| CarJoNno 4

o en callente ....... ....° 63 100 63 37 ‘ S0 a0 tx ta i 200 12 262 ; 50
rraumi-mo térmico pare : i . .

%0 f00 vx.uernno.. R L 5 120 § 73 a7 100 3 ;a2 v =35 15 000 53
080 de carboro: ] ‘ H :

o en caliemte ..., reon bz 73 18 0. a2 i0 10 :

ifado en aceits, no lamdaado .., 123 150 ! 123 75 i 30 30 s I3 2 ’ 30 : H
1% de carbona: ' 2 N : : ’

ido en cablenze .. ..o....... L.l 57 m:.; k] w0 ! o3 39 yae B % I "3

ado en aceite. no laDinade -1 1% 2% i35 33 i85 | 3e i H O s LS : 102
al piguel, 3.3% d¢ niguel,

% de carpone. mixima Jduresa i . o . . . N . e i ) : :
maguinabilidaé ........... P i I 10 : 20 f 150 U T o ; 330 14 00d 73
al :u..con:n:ax;em.v 1.35%; ; 1 : ; ; '
silicia. 0.70% £ Mn, tem-; i - \ . - ! P "

Mido para :éscr'es O l 130 171, 14 ] T3 119 | 30 : 12 ; 1 I 59 ‘ 21 06D !

2 composicidn para desarrollar propiedades mecdnicas pa:
1.

La mayoria de los aceros dependen tanto del tratamiento t.ému:o cormo de su

TABLA A.3. REQUERIMIENTOS PARA FUNDICIONES DE HIERRO GRIS*
ICar;a de ruptura vor flexién a! centro, minima, Hras
Claze Resistencia
No. 2 1z tension C.875 plg de 1.2 pig de 2.0 plg de
io/plge diim, claro diim, claro diiam, claro
de 12 plg dc 18 pig de 24 plg
ac 20 000 800 1 800 € 000
25 25 0G0 1025 2 000 € 800
30 30600 1150 2 200 7 600
3s 35 C00 1275 2 400 8 300
40 40 000 1 4C0 2 600 9100
SO 50 000 1 675 3 000 10 300
60 €0 000 19825 3400 12 500
1

®* Bazada en ASTM A 48,
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Standara Specimens Sutxsize Specimen
Plate-Type, 1%in. Wide Sheet-Type. “A4-in. Wide Vein. Wide
. in. in.

=~Gage length {Notes 1 and 2) 8.00 = 0.01 2.000 = 0.005 1.000 = 0.003
¥-Width (Notes 3 and 4) Th + Y, —% 0.500 = 0.010 0.250 = 0.005
I-Thickness (Note 5) thickness of matenal
f=Radius of fillet, min (Note 8) . 1 Y ) a
~Over-all iength, min {Notes 2 and 7) 18 8 4
i=Length of reduced section, min 9 2V 1Ve
B=Length of grip section, min (Note 6) 3 2 1%
[~widh of grip section, approximate (Motes 4 and 9) 2 LA ¥z

Note 1—For the 1%-in. wide specimen, punch marks for measuring elonganon after fracture shall be made on the fiat or on the edge o! the speamen and wm:n the
muced section. Either 2 set of nine or mare punch marks 1 in, 2part. oF one or Mmore pairs of punch marks 8 in. apart may be used.

NOTE 2—When elongation measurerments of 1'4-in. wide specimens are not required, a minimum length of reduced section {A) of 2% in. may be used with all othe
dmensions similar to those of the plate-type specimen,

NoTE 3—For the three sizes of specimens, the ends of the reduced section shall not ditfer in width by more than 0.004. 0.002 or 0.001 in.. respectvety. Also. there may
te 2 gradual decrease in width from the ends 1o the center, but the width at each end shall not be more than 0,015, 0.0C5. or (.003 in.. respectvely. larger than the wy
T the center,

Nove &—For each of the three sizes of sDecmens, narrower widths (W and €} may be used when necessary. In such cases the width of the reguced section shouk
%25 large 2s the width of the matenai being 1estec permits: nowever, unless siated soecifically, the requirements for elongation in @ proguc: speciication shall not anoy
wen these narTower soecimens are used.

NoTE 3—The amension T is the thickness of the test Spedimen 2s provides ior in the applicable matenal specdicauons. Minimum thickness of 1440, wige specmers
fal be =1e m. Maximum thickness of Yen. 21 Ye-in. wide specmens snali be 3% in. and Va in., respectively.

NOTE S—FOr the 1%a-n, wide SDeSmen. 2 “-in. MINIMUM ragiit &1 18 encs of the reouced Secuon s permmes jor steal specimens under 103 000 o5 m tenss
frenatn wnan & orofile cutier 1o used 10 maznine the regusac ££21.57

NOTE 7—TC 215 1N oDIaring 2xia' 1I523iNg Cunng 18SUNS & .«n, WIOE SPeTIMEens, e over-ali Iengin sNoulc De 25 larce as tne mearena wil oermn, uo 10 6.00 i,

TE &Il is gesiranie. if DOSSIDE. 1D M2Kke the leNIin o e £1D $2Tu0N larce enoudn 1o allow the Specmen 1o extend into the gnos a2 aistance ecual tc twe hres &
sxe of the iencth of the gnps. It 17 tmckness of Ya-in. wize soecimens is Over Y& in., longer onps and comesponaingly longer Gnp Secuony of the SoeaIMen may te
fecessary to prevent failure in the anp secuon.

NoTe @—For the three sizes of specimens, the encs of the specimen shall be symmetrical in width with the center fine of the reduced section witnis C.10. 0.05 2
0005 in.. respectivety. However. for referee testing and when required by product specifications, the encs of the vin, wide specmen shall be symmatnzal within 0.01 1

NoTE 10—Spedimens with Sides paraliel througnout their length are perminted, excep! for referee testing, provided: () the above tolerances are used: () an acequaz
fhumber of marks are provided for deterrnination of efongation: and (¢} when yield strength is determined, 2 suitable extensometer is used. If the frazture occurs atz
Gsance of less than 2W from the edge of the gripping device, the tensile properties determined may not be representative of the material. In acceptance testing. if e
operties meet the Minimum requirements specified. No further testing is required, but if they are less than the munimum requirements, diSC2:¢ the 125t and retest

FIG. 1 Rectangular Tension Test Specimens

Wedge Grips

Upper Heod of
Tesling Mochme

'-Liners -Thickness Voried
According 1o Specimen Thick-
ness to Keep Wedge Grips
Fiol Specimen— from Protruding Above or
Below Heod of Testing
Mochine

Pl

FIG. 2 Wedge Grips with Liners for Flat Specimens
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Dimensions
/—7 .
Standard Specmen Small-Size Speamens Proportional 1o Standard
in. in. in. i in,
Fnd! Clameter ... N 0.500 0.250 0.250 0.160 0.113
o
-Bage length 2.000 = 0.0CS 1.400 = 0.005 1.000 = 0.005 0.640 = 0.005 0.450 = 0.005
-Janeter (Note 1) 0.500 = 0.070 0.350 = 0.007 0.250 = 0.005 0.160 = 0.002 0.113 = 0.002
L-Aacus of filel, rmun L7 1/ Ve S99 L
-Lenath of reduced section, min (Note 2} 2V 13 1% EA 3

[

%€ 1-—The reduced section may have a gradual taper from the encs ioward e center, with the ends not more than 1 % larger in diameter than the censer (controling
remon), .
31E 2—If desred. the lengih of the reduced section may be increased o accommodate an extensometer of any Conversen: gage lenctn. Reference marks for the
Laarement of elongation shouia, nevertheless. be spaced at the indicated gage length.
it 3—The gage length and filiets may be 25 Shown, but the enads may be of any torm to fit the holders of the testing machine in such & way that the load shali be
11582 Fig, ©). H the ends are to be heid in wegdge grips it is desirable, if possible, to make the length of the gnp section great enough to allow the specimen 10 extend
- e oAps a distance equal 1o two thirds of more of the length of the gnps.
%TE 4=—0n the round specimens in Figs. & ang 9. the gage lengths are equal {0 four times the nominal diameter. In some product specifications other specimens may
wronged for. but unless the 4-10-1 ratio is Mantaned within dimensional tolerances, the elongation vaiues may not be comparabke with those obtamned from the stancard
® specimen.

witt 5—The use of specimens smalier than 0.250-n. diameter shall be resincted 10 cases when the matwena! 19 he tested is of insufficient size 15 onan tarer
“mens or when all partes agree to therr use for acceotance tesung. Simitar specmens fequire suitable ecu:Dmant ang sreaier skl in SoIN MaTINMZ ans ies
S—Five 51225 of specimens chen usaT have diameters of approximarely 1.505. 0.237. 0.232, 0.160. anz € 712 in,, inNe r23s5n DanC 1T DETTTHL 825V CAIT
-grugg fram (3208, SINTE the COmesDoncing Sross-testional areas are eguat or ¢ose to 0,200, 0.700. 0.0500. 2.0252. &n
g az-22 WItT TNeSe values. 102 Siregsec (D7 Sirenging! may De CImoUles usIng h2 sImdE Mo
2¢ TMese Ve Siamersts S NI7 fesUI I SSrYESDONIINGN LONVET-EY SrDSS-sechonal areas ans

T Segnzars CLE00YN. Rounz Tension Tes: Specimen win -in. 3age Lengin anag Examoes of Small-Size Specimens Frosemiona:
tne Stznaard Soecimen

| Te————T i - ~
—_—— — = —— — —_———_ ) —— =T —— -~
— e - P _,_——--—:——-;—-__..._ o
—— —— o Note 2 —_—G —
T Tt e ey g 1 S i e— =,
ST i SIS . § S T AT
—_— - - ’~¢_,.|-,' ) e g Ne
8 == MNole 2 —¢—% )
~§ E B ': ¢
y B N
—c— R
Dimensions
| —
Soecmen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5
in. in. in. . in.
—— -
~Zage length 2.000 = 0.005 2.000 = 0.005 2.000 = 0.005 2.000 = 0.005 2,000 = 0.005
“~Trameter [NOte 1) 0.500 = .010 0.500 = 0.019 0.500 = 0.0M0 0.500 = 0.010 0.500 = 0.610
'~ “amus of fillet. min ¥ %N Yie Y L
~iengin of reduced section 2V, min 2v., min 4, approximatety 2%, min 2V, mun
~Over.al length, approximate 5 5 5% 4¥s s
“~Lergn of end section (Note ) 1%, approximately 1. approximately ¥, approximately ‘s, approximately 3. min
*~Dumeter of end section ¥ Y 230, Y 5
"~Lengtn of shouider and fillet % ¥ %
;. Yection, approximate
;gr_mem of shoulder .. Y .. % Wig

%e1g 1.~The reduced secliol fay have a gradual taper from the ends toward the center with the ends not more than 0.005 in. targer n diameter than the center.
u‘ﬁmg 2--0n Specmens 1 2% 2, any stangarg thread is permissible that provides 10r proper aignment and aids in assunng that the specimen will bresk within the
.'A"-’ﬁ ;p-OnSped'nenSst,im_mmkemwmolmegﬁpsectiongreatmsgh!oamumioeﬂmhwmm'meﬂ“ﬂ
¥iwa yurgs or more of the lenGth of the grips

FIG. 8 waricus Types of Ends for Standard Round Tension Test Specimens
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Cimensions
- i
Specrmen 1 Specrnen 2 Specimen 3 Speamen 4 Speamen 5 Specamen 6 Speamen 7
in, . in. in. in. in, in,
2.000 = 0.005 2.000 = 0.005 8.00 = 0. 2.000 = 0.005 £.000 = 0.005 2.000 = 0.003 £.000 = 0.005
0.500 = G.010 Ava < Ve, =Y 1% + Y, -4 0.750 = 0.031 0.750 = 0.031 1.000 = 0.062 1.000 = 0.0682
" measureq thickness of specimen
_Ragrus of filet. min 2 1 1 1 1 1 1
..20¢in of recuzeg 2% A 9 2% 4% Va iy
seghast, mun
..z of gnip sec- 3 3 3 3 3 3 3
aon, men (Note 2)
_wamn ot grip sec- e 2 2 1 1 1Yz 12
ion. anproxumate .
Mote 3}

1=—The enas of the reduced section shall differ n width by not more than 0.002 in. for specimen 1, anc 4. ane nEt more than 0.0C3 in. {or specimens 2, 3. 5. 6.
nere may be a gradual taoer in width from the encs 10 the center, but the width at each ena shall be no: more than 0.0C5 in. greater than he witin at e center
.- -ngage length specimens. not more than 0.008 in. greater thar e waath at the center for 4-n. gage lencth soecmens. anc not more than 0.015 1. creater than the
. == &l ine center {or B-in. gape length soecimens.

%2'f 2—1 is geswable. if possidle. to make the iength of the gno section Greal enough to Allow the Specimen 10 exienc INC e SNHDS 2 Sisi2nce eCu2! 10 Two thres
-=re o the length of the cngs,

4 3—The anzs Of the spesimen shall Da symmencal with tne center ine Of the reduced section wathin C.235 in {07 spetimens 1, € ang &, anc 530 .~ for speamens

2--Sor srzular SBSMENtS, the CICSS-SECLONa! are2 mav D8 22i0u
. ing erTor USING tnis Menos 0 caltuaie e o 32TUDNE Ar@E M2V DE EDDT@CIEdiE 202

M SICRE Daraligl tNrougnoLT e 1ensmm ass 090
orovices Tor OSISTTNINATION O &ISNSENSSI BNZ 1D WhED VIRIC ETTED

§ nEn 2W rom tne e3ge Of tNe gnDIINC Q2viZE. INE 18NSIE Drooernies £ oI NE TeIEnE. e

% reguirenents speafied. no funiner 1esing s requireq, Dut ¢ they are less (Sen N2 MINIMUM recuIremants, CISI2re e 1est anc reias:,

FIG. 13 Tension Test Specimens for Large-Diameter Tubuiar Producis

i T ey : 1
i .—-I--__,__.f-g-l- yTE aTES
_'L-'-_.. 5_--5;'5__-.__‘5_—__._.._.
L AT P e
6=
1
R
Dimensions
' Spexmen 1 Spacmen 2 Spec.men 2
3 . n, in.
G—Length of parallel section Shall be ecual to or grezter han Gameter D
5 4 D—Diameter 0.Z00 = 0.090 0.730=0015 125 = 0.02
"G. 14 Location of Transverse Tension Test Specimen in Ring A—Raawus of filet. min 1 1 2
Cut from Tubular Products Sanain il e L 1 2N
min
L—Over-all iength, min 3V 4 534
8—Length of end secbon. 1 1 1%,
approximate
C—Diameter of end secoon, Ve 1V 17/
approxsmate
E—Length of shoulider. muin Ya Va Shg
F—Diameter of shoukder Yo = Voa YWhe = L 16 = You

NoTe—The reduced section and shoulders (imensions A. D. £ F, G, and R)
shall be 25 shown, but the ends may be of aty form 1o fit the holders ¢f the testing
machine in such a way thal the icad can be axial. Commonty the encs are threaded
and have the dinensions 8 and C given above.

FIG. 15 Standard Tension Test Specimen for Cast lron



r—237g .+ 21’—-1‘_
T‘]l'-— 3% in T
J

-
f
-
1
X}
f

! :
l'.iﬁc. n. "‘i | e n z i 1 E.
= : =3
i R e e
% £ 3 H T &
_"1‘__L T |
L |
! / X S
T T r ! ! !
" . .
L * —— L (Sin. M) -
Z%in. i |
ALTEQRNATE DESIGN FOR ACND BAR SDE wiEw KEEL BLOCK COUPOW
ta) Design for Double keel Block Coupon
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ALTERMATE DESIGH Y
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ALTEAWLTE DESIGN FOR BEND ZLR
£+ Desien for Muitiole Keei Biosh Coupon id Legs)

-

- .
T haemy i

£ Test Coucone ior Castings (see Telie 1 {or Detals of Design)

L | A

(e) Design for "Attached™ Coupon

- L !
I ' I l
-3 - & i 8
‘ ; ! l {
b -
1 ; T 1 B
1 : ; : 1,
] : i .- I P4
g1 |
—E-
Dimensions
in.
D—Diameter £y
R—~Radius of fillet g
A—Length of reduced section Yz
L—Over-all length 2
8—Length of end secton 2%
C—Diameter of end section LA
E—Length of fillet e

FIG. 17 Standard Tension Test Specimen {or Malleable lron
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m=Sps=cified Extension Under Load

! ¢ FI1G. 22 Stress-Strain Diagram for Determination of Yieid
b Strain Strength ar Yield Point by the Extension-Under-Load Method
Obe — =i m
Om=Specified Offset

bﬁ. 21 Stress-Strain Diagram tor Determination of Yield
Strength by the Otfset Method
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FiG. 23 Stress-Strain Diagram Showing Yield Point
Corresponding with Top of Knee
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C ! A} D J15-N|30-Nl45-N} HV | HK HBI G | KSI wmn
= c
! B ®|® o ool 2| =] E
Lol oo |Fo|lob | B ueiagg:Eg’?og:
oR|{=“silgs(*d ¥ |(*T (XX las|SE(o|[og| S
B3le& 88 |2z {822z |52 |&al82|25|22] 8
i_l_tsl=]= _ =
S|l 2l2)| w _ | ® oS =
212215 (s (51| 8151252
sle|3ja|lafjalid|lec|lelglcels
© ] <] = = S = c = o ja=| =
- o« - 7] @0 (7] > » | m < =l =
80 |92.0|86.5|96.5|92.0|67.0(1865, — | 4 |
79 |91.5|85.5|96.3|91.5|86.5|1787] — -
78 |91.0/284.5/96.0/91.0{85.5t1710 — —
"77 |90.5]84.0]95.8(90.5]64.5(1633] — =
76 150.0(83.0|95.5|90.0{83.5(1556{ — |
75 189.5182.5/95.3|89.0182.5/1478] — -
74 {B89.0[81.5(95.0(88.5(81.5(1400( — —
73 {88.5/81.0|94.8{88.0/80.5{1323 — | + =
72 |89:080.0/94.5|87.0|79:5[1245] — | w w i —
71 |87.0/79.5|94.3|86.5{78.5/1160[ — | O o1 =
70 |86.5|78.5{94.0{86.0|77.5;1076| 972| = Z |os3
69 |86.0|78.0|93.585.0{76.5/1004| 946 | | 949
63 |B5.576.9/93.2|84.4175.4] 940] 920] | 945
67 |85.0{76.1|92.9183.6]74.2! 900| 895 942
66 |84.5|75.4|925/82.8/73.3| 8s5| 870| NA 938
65 |63.9]74.5]92.2]81.9{72.0| 832! 846 739 934
64 [83.4(73.8(91.8{81.1/71.0( 800f 822 {722 930
63 |82.8173.0l91.4/80.1/69.9] 7721 799 | 706 926
62 |82.3|72.2|61.1]79.3]68.8] 746] 776 | 688 922
61 181.8{71.5{90.7{78.4{567.7| 720( 754 | 670 917
60 181.2170.7|90.2|77.5166.6/ 697 732! 654 NA 913
59 (80.71699|89.8/76.565.5] 674l 710 | 634 351 909
58 180.1/69.2/89.3!75.7164.3} 653! 620|615 338 ) 904
57 179.6168.5/88.9| 74.8/83.2| 633 670 | 595 3251900
55 :79.0167.7188.3,73.9/62.0] €13 650|577 1 3131 896
35 {78.5]66.0187.9/73.0160.9] £95i 63C | 560 : 301 ] 891
54 178.0166.1187.4]72.0159.8| 5771 612] 543 : 292 857
S5 177.4165.4185.9171.2153.5| 560! 594 | 625 | 2831883
52 i75.8(64.6{86.4|70.2{27.4| 544} 576] 512 i 2731878
51 {76.3163.8/85.9]69.4{€5.1] 528/ 558 | 496 [ 2541873
50 |75.9163.1185.5| 68.5(£5.0! 5131 542 | 481 | 2551870
ag |752!162.1{85.0|67.6]53'8] 498! 526 | 468 | 236 B65
48 |747161.4/84.5(66.7(52.5) 4341510455 2381 861
47 |74.1|60.383.9|65.8/51.4] 471] 485] 443 2291 856
45 [73.6{66.0183.5/64.8/50.3] 458( 480 | 432 221] 851
45 173.1/59.2:83.0{64.0149.0! £46] 465 | 421 2151847
4317281585 B2 51631147 5| <341 452 | 408] 208|842
43 172.0157.7!82.0162.2|46.7| 4231 438 | 400 | 2011837
42 |71.5]55.9{81.6i61.345.5| 412| 426 | 390 | 194832
41 |70.9|56.2|80.8|60.4]44.3] 402] 414 | 381 | 1881 827
40 {70.4|55.4180.4159.5]43.1] 332 402 | 371 i 1821 822
39 !69.9{54.6/79.9]58.5]41.9! 382] 391 362 i177!817
3B |69.4|53.8{79.4|57.7]40.8] 372|380 | 353 1711812
37 |68.9153.1|78.8156.8/39.6] 363! 370 344 1651807
| 36 168.4i52.3178.3|55.9{38.4] 354i 360 336 161 802
35 [67.9(51.5|77.7|55.0|27.2] 345! 351 [ 327 1561 798
34 [67.4150.8|77.2]54.2:26.1 335 342|319 152 793
33 {66.8{50.0(76.6{53.3| 24,91 327 334/ 311 149788
32 |66.3(49.2|76.1(52.1|33.7| 318( 326 | 301 1451783
31 [65.8]48.4[75.6151.3132.5| 310;318 294 | NA [ 141l 778
30 |65.3!47.7(75.0150.2131.3| 3021311286 [92.0| 1381773
29 |64.6147.0/74.5)49.5]30.1] 254] 304 | 279 | 91.0] 135] 768
28 {64.3146.1|73.9j48.6{28.9| 286 297 {271 |90.0{ 131} 762
27 |63.8|45.2173:3{47.7127.8| 279] 290 | 264 | 89.0| 1281 757
26 163.3|44.6|72.8]46.8|26.7| 272| 264 | 258 | 88.0| 125 751
25 [62.81438[722145.9125.5( 266] 278{ 253 |87.0{ 123] 226
24 {62.4|43.1|71.6{45.0(24.3} 260{ 272| 247 | 86.0] 113 741 |
23 |62.0142.1]71.0|44.0|23.1] 254| 266 | 243 |84.5{ 117 | 736
22 161.5{41.6{70.5(43.2{22.0( 2a8| 261 237 |83.5] 115{ 730
21 161.0]40.9|69.9{42.3{20.7| 243 256 231 |82.5{ 112{ 725
20 [60.5/40.1]69.4{41.5]19.6] 238 251 | 226 | 81.0] 1101 720

Although conversion tables dealing with hardness can onty
be approximate, it is of considerable value to be abie to
compare different hardness scaies. This table is based on the
assumption that the metal tested is homogeneous 10 a depth !
several times as great as the depth of the indentation.
The indentation hardness values measured on the various
scales depend on the work hardening behavior of the
material dunng the test, and this in turn depends on Lhe
degree ol previous cold working of the material. The B-scale
relationships in the table are based largely on annealeg
melals for the fow values and cold worked metals fof the
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j42.8{99.5 1391110 566 1187.5| * 61.0116.01 L |57.5187.5,22.0! | t 83| 54 12
|41.8129.0 137 | 109 561 0|57.0 60.5/15.01 ¥ ssr.ols7.o|21.o; v | 67) s3i 12
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z71 high nickel alloys do not conform closely to these gensra
533?'; 3;3 }%‘1‘ 133 gié tables. Neither do coid-worked metals of low B-scale
i37.7:96.0 129 102 542 | hardness such as aluminum and the softer alloys. Special
"35.7195.5 12771301 537 correlations are needed {or more exacl relationships in these
;35‘1}' 350 125| 99 232] cases. All values are consistent wilh ASTM E-140 Tables 1
134.7194.5 124! 9g 527 | 8nd 2, and ASTM A-370 Tables 3A and 3B. where agplicable,
hd - d Microticial number vaiues were developed in the Wilson
gg ggg ]Igg gg gﬁ Standards Laboralory,
K ¢ 1181 91 512 [ Note 1: A i0mm stesl ball is used for 450 BMN and below. A
171 92 507 10mm carbide ball is used above 450 BHN,
115] 91 5oz | Note 2: The tensile strength relation 1o hargness is inexact.
114] 90 487 ] even lor steel, unless il is delermined tor 3 specific maiterial.
1121 89 492
11| av 487
110 86 482
9| 108! B85S 477
51108 B4 472
0| 1071 83 468







