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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, Estafio, etc.

3.- Organicos: Madera
Polimeros
Elastomeros

4.- Inorganicos: Fibras Compuestas

Ceramicos
Vidrios
Minerales

NGVIEMBRE DF, 1595
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DPTO.MECANICA DE LOS MATERIALES

"MECANISMOS DE CRISTALIZACION EN LOS METALES

;5 EL PROCESO DE TRANSFORMACION DE UN ESTADO
DESARROLLANDOSE LOS CRISTALES EN FORMA ORDENADA.

LIQUIDO A UNO SOLIDO

TEMP. NORMAL
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FORMACION DE
NUCLEOS DE
ATOMOS

FORMACION DE
DENDRITAS

CRECIMIENTO DE
CRISTALES

FORMACION DE
LIMITES DE
GRANO
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2.- Estructura de los Materiales

METALES

PARA METALES: su estructura estd compuesta por agrupamiento de dtomos.
Estados de 1a Materia en la Obtencién de un Metal

*  Gaseosos '

* Liquidos

*  Solidos

Tipos de Enlaces

* [dnico

* Metalico

*  Covalente

*+  Vander-Walls

* Puente de Hidrégeno

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

Caracteristicas de la red:
*  Sus longitudes
*  Sus angulos

- 4
jo
~ 18 / b
]
= X
—
=

N IChY BRE DL 1995 3




F.LM.E.- ILANL. | DPTO. DE. MECANICA DE 1.0S 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

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

6.- Tetragonal
a) Simple
b) Cuerpo centrado

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

NOVIEMBRE DE 1995
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Los sistemas de cristalizacion mas comitnes son

Cubico*
Hexagonal*
Tetragonal
Ortorrémbico
Romboédrico

byuudy

Defectos o imperfecciones del cristal:
=> Vacancias

=> Intersticios
= Dislocaciones (Borde y Helicoidales)

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

* En metales
NOVIEMBRE DE 1995
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REDES ESPACIALES O TIPOS DE ESTRUCTURAS CRISTALINAS

DPTO. DE MECANICA DE LOS MATERIALES
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Los siete sistemas de estructura cristalina y las 14 redes de Bravals.
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A U

ESTRUCTURA DE LOS POLIMEROS

Son macromoléculas orgdnicas que a través de un enlace quimico forman ‘el
monomerc { o unidad monomérica), el cual se repetird millones de veces en cadenas
lineales o cruzadas para finalmente constituir un polimero.
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POLIMEROS

CARACTERISTICAS GENERALES DE LOS POLIMEROS:

Ligeros

Resistentes a la Corrosién
Aislantes Eléctricos

Baja Resistencia a la Tension

No usados en Temperaturas Altas
Muy usual

* F ¥ ¥ ¥ *

CLASIFICACION DE LOS POLIMEROS:

Segiin su Mecanismo de Polimerizacion:
Polimeros por adicion: son cadenas formadas por el enlace covalente de las moléculas,
Polimeros por condensacidn: se producen cuando se unen dos o mis tipos de moléculas
mediante una reaccién quimica que libera agua.
egun su Estructura;

Polimeros lineales: son cadenas largas de moléculas, que son formadas por una reaccién
de adicion o condensacidn. '

5 W . .
Polimeros de red: son estructuras reticulares tridimensional producidos mediante un
L7

proceso de enlaces cruzados que implica una reaccién de adicidn
condensacion.

Segun su Comportamiento:

Polimeros termopldsticos: son polimeros de estructura lineal, que se comportan de manera
plastica a elevadas temperaturas y pueden ser conformados a temperaturas
elevadas, enfriados y luego recalentados y conformados.

NOVIEMBRE DF 1995 8
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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 condensacion no se pueden reprocesar debido a
que parte de las moléculas salen del material.

Segin su Grado de Polimerizacion:

* Homopolimeros (un solo material)
* Copolimeros (dos o mas tipos)

* QOligopolimeros (pocos monomeros)
* Polimeros

Seghin su Natuyajeza:

Naturales (lino, seda,asbesto, celulosa)

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

Vegetales (algodon, celulosa, etc.)

Animales (pelos)

Minerales (asbestos, fibra de vidrio)

* O O* ¥ X W
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e

POLIMEROS INORGANICOS:

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

Clasificacion:

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

Artificiales: Fibra de vidrio
Silicones i

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
combinacion de deformacién plastica y eldstica. Tienen un comportamiento intermedio y la
capacidad de deformarse elasticamente en alto grado sin cambiar de forma.
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3.- Pro\piedades y Caracteristicas Mecanicas en los Materiales

OBJETIVO DE LA PRACTICA: e5 el de conocer la manera de obtener las caracteristicas
y propiedades mecanicas basicas.

TEORIA: basandonos en un ensaye estatico de tensiéon y su grafica de comportamiento
esfuerzo vs deformacién 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 * ¥ 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 deformacidn, es decir, que
representara el ultimo punto en la pendiente de la grafica, cumpljendo con la ley de hooke.

2.- Limite Elastico (o, p): es el mayor esfuerzo que un matertal es capaz de desarrollar sin
que ocurra la deformacidn permanente al retirar el esfuerzo, la determinacion de este limite
eldstico no es prictico y rara vez se realiza.

NOVIENBRE DL 1995 I
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3.- Resistencia a la Cedencia (o4 p): es el esfuerzo al cual ocurre un aumento de
deformacidn para cero incremento de esfuerzo.

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

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

5.- Esfuerzo de Roptura (ogp): es el esfuerzo nominal al ocurrir falla y se obtiene
dividiendo la carga decreciente registrada en {a caratula o pantalla de la maquina y el area

inicial de la probeta.

6.- Esfuerzo de Roptura Real o0 Verdadero (ogiyp): es el esfuerzo nominal al ocurrir la
falla y se obtiene dividiendo la carga entre el drea real que disminuye conforme se aplica

ésta,

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

/

\.
/
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OBTENCION DEL PUNTO DE CEDENCIA:

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

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

] - m
; o e PERDIERT S
DE LA GS2rICx

<—— LINEA
PARALELA
ALA PENTICINTE
OE LA GRAELICA

. 0.2%

o

Firurn3 2
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7ZONAS EN LA GRAFICA:

.- Zona Elistica: se considera desde el origen hasta el punto limite proporcional. Se
cmplea en el diseiio de elementos de méaquinas y estructuras,

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

maximo.

Se emplea 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:
en zona de cedencia y zona de endurecimiento por deforrmacion.

3.- Zona Hiperplastica: se considera en algunos materiales desdes el punto de de esfuerzo
muiximo hasta ¢l punto de roptura aparente.

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

' ESFUERZO

G MAXIMO

LIMITE
FROI'ORCIONAL ESIULIRZO DE
e RUITURA
APARENIE

e R i e T LONA™
s A ST LG K e HIPERPEASTICA
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—
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L
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DUCTILIDAD

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

FRAGILIDAD

Es la propiedad que tienen los materialeg de no presentar deformacién macroscédpica.
iedad didas:

* Parael Ensayo de Tension a traves de:

-% de Elongacién: se obtiene midiendo la longitud inicial (Lo) y la final (Lf) de la probeta
4 2
y luego sustituyendo en la ecuacién:

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

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

% 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 didmetros 1mc1al y final, calculando el
area respectlva y sustituyendo en la ecuacidn:

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

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

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

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

NOVIEMBRE DE 1995 13
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. : : P
Lo X < BT L

O =
A0

RIGIDEZ:

Figura 3.4

Es el esfuerzo requerido para producir una deformacidn dada.

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

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

NCANIFMPBR D

5

Ficura 3.5
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LY T

Valores promedio de modulo de elasticidad de algunos materiales
Tabia I.1

RESILENCIA ELASTICA:

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

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

REU = Al =g, p*/2¢;p (kg - cm /cm?)

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

Resilencia Eldstica Total (RET) = REU x Vo.

LL.P.: Limite proporcional.

NOVIEMDBRE DE 1995 17
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e

Figura 3.6

TENACIDAD:

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

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

El valor asi obtenido sera la tenacidad unitaria.

Tenacidad Unitaria (TU) = Area total

TU= (6., “Oyp) Emax/ 2 (Kg - cm/ cm?)

Volumen Inicial (Vo) = Ao x Lo (cm’)
Tenacidad Total (TT)=TU x Vo (kg-cm)

YP (Yield Point): Pun d ced 1cia.
MNOVIEMBRE DE 5
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-~ °

| T.W.= {0 yp-=r max] cmax
! 2

O max

AREA TOTAL= TENACIDAD UNITARLA
g yp '

Emaxr C
TENACIODAD UNITARIA

Figura 3.6a

ESTANDAR DE PROBETAS PARA TENSION:

Las probetas para ensatos de tension se realizan de diferentes formas la seccidn
transversal del especimen puede ser redonda, rectangular o irregular segin sea el caso.

e " - . *
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 porcidn del tramo recto es de seccion 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 segun estandar, sobre el cual se miden las
lecturas de longitud final y diametro final los extremos de las probetas redondas, y
rectangulares, pueden ser stmples, cabeceados o roscados, los extremos simples deben ser

largos para adaptarse aletn tipo de mordaza cuneif rme o plana (ver figura 3.8).
N VIEMBRE DF 19 . 19
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F.LLM.E. - U"\:lN'l“ PP10. DE MECANICA DE LOS MATERIALES

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 seccidn 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 estindares para los

ensayos estaticos de tensidn.
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Otros estandares para polimeros o pldsticos 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 deformacion o las que recomienden los estandares de la ASTM, ASME o alguna
otra asociacion. Para el tipo de material a ensayar, un ejemplo de velocidades del cabezal
movil serian desde 0.01 a 0.05 plg/min y una mdxima velocidad de carga seria 100
kips/plg?-min, se sugiere detectar la cedencia en metales segtin ASTM 8.

TEXTURA DE GRANO Y TIPOS DE FRACTURA.:

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

las que puedan determinarse al inspeccionar la seccidn transversal de la pieza (ver figura
3.11).
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4.- MAquinas para Pruebas Mecinicas,
Accesorios e Instrumentos
de Medicién

MAQUINAS DE PRUEBAS MECANICAS

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

Maéquina Universal de Pruebas

Maquina de Dureza Rockwell

Madquina de Dureza Brinell

Maguina de Ductilidad en la Mina Metalica
Maquina de Torsion

Méquina de Fatiga

* % ¥ ¥ * *

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

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

Enseguida se muestra los catilogos de las maquinas, accesories y aditamentos.
L3

SE ANEXAN CATALOGOS RECIENTES DE LAS DIFERENTES.

EMPRESAS DISTRIBUIDORAS DE EQUIPO DE PRUEBAS MECANICAS

NOTA:

Estas maquinas deben de estar en buen estado, ealibradas y certificadas para su uso, esto
dependera de las recomendaciones que haga cl fabricante de las mismas.
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INSTRUMENTOS DE MEDICION

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

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

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

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

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

*  Planimetro: para la obtencion de las dreas de la grifica d€ esfuerzo contra deformacién
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
certificadas para su uso al igual que si tienen caducidad verificar su reposicion ya que
influyen en los resultados de las caracteristicas dimensionales de la pieza o especimen, al
igual que en las propiedades y caracteristicas mecanicas de! material o producto.
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Dimensions, mm
" . Standard Spezimens Subsize Speamen
Nominal Width Piate-Type Sheel-Type B
! 40 mm 12.5 mm
5—Gage length (Notes 1 and 2) 200.0 = 0.2 50.0 = 0.1 ‘ 25.0 =-0.1
W=—Width (Notes 3 and 4) 400 =20 125=02 6.0 = 0.1
7— Thickness (Note 5). thickness of material
=— Radius of fillet, min (Note 6) : . 25 12.5 6
L — Overall length, min (Notes 2 and 7) 450 200 ' 100
2— Length of reduced section, min 225 57 a2
Z— Length of grip section, min (Note 8) 75 50 . 30
£— Width of gnp section, approximate (Notes 4 and 9) 50 20 10

N27E 1—For the 40-mm wide spetumen, punch marks for measunng elongabon atter fracture snall be mzaoe on the fiat or on the ecge of the specimen and within it
~ecuced section. Either a set of nine or more dunch marks 25 mm apart. of one or more parrs of puncn maxs 200 mm aparn. may e usec.

NOTE 2—When elongation measurements of 40-mm wide specimens are nol requirec. a MmMum lenci of recuces secuon (A) of 75 mm may be used witn all othe

-omensions similar 10 the plale-\‘ype s>ecimen.

NcTE 3—For the three sizes of specimens. the ends of the reduced section shall not difter in width by more than 0.10. 0.05 or 0.02 mm, resoe"twely Alsc. there ma\
2e a gradual decrease in width from the ends 1o the center, but the widih at each end shall not be more than 1 % larger than tne wicth al the center,

NoTe 4—For each of the three sizes of specimens, narower widths (W and C) may be used when necessary. In such cises the wiain of the reduced section shouic
se 2s large as the width of the material being tested permits: however, unless stated specifically, the requirements for elongation in 2 orocuct specfication shall not 2poh
when these narrower specimens are used.

NotE 5—The dimension T is the thickness of the test spec:men as provided for in the applicable matena! soecifications. Mimimum thickness of 40-mm wide soecimen:
<=3l 52 5 mm. Maximum thickness of 12.5-«mm and 6-mm wide specmens shall be 19 mm and 6 mm, res>ezavely.

N97E §—For the 40-mm wide specimen. a 13-mm minimum radius at the ends of the reduced section i1s pesmunteg for sise! so2amens unger €50 MPz im t2nsae sirenzys
wnen 2 profile cutter is used to machine the reduced section.

%37f 7—To aid in obtaining axial loading dunng testing of 6-mm wide soeamens, the overak 185CIT SNOWIZ D2 2% iz”

noTe 6—Itis gesirable, if possible, to make tne lensin of tne ¢ secton large enduzn T 3kow ine So2= e~ 12 exiens

2 9! tne length of the gnps. lf the thickness ¢ 1Z.5-mm wi0e sDeciment 1f over . =
nezessary 10 prevent faiure in the gnp secusn.

NZ7E 9—For the tnree sizes of speamens. ine encs O! in€ Soeimen stal =% sw'l—u.zn:z' I WIS wath

ia. Wl D2 LT

12Azer £nDs BT ==

L ST I0JTEC SECTDT W
; T wale §oeIimen shak o2 symmetnzal wn-nm C' 2 it}
N:TE 10—-Spec|rnens \Mlh sides parailel 1'1'ougn0u. her Ien:'tn are oerrnmec excedt a' referee 1esSUNZ. D°OVIJBT: (2] the 2D0ve tolerances are used: (D) an aoeguai¢
numn22® of marks are provided for deterrminauon of eiongcauon: ang (c) wnen yielg sirength 1s getenminec, & suiadle exiensometer 1s vsed. If the fracture occurs ai ¢
€:5:a72€ of less than 2W from the edge of the gnpping cevice, the lensile properues determined may not be represenialive of the matenal, In acceptance testng. «f the
preoeries meet the minimum requirements specified. no further tesung is required, but il they are less than the minimum requiremenss, discard the test anc relest.

FIG. 1 Rectangular Tension Test Specimens

Wedge Grips Upper Heod.of 8. Report 1

Test Mochin . 4 T ~

A 8.1 Test information on matznals not covered v 2
product specification should be reported in accordancs with

8.2 or both 8.2 and 8.3.
8.2 Test information to be reported shall include the

[ r._mgr:-Tmr.\nus Voried . # 5
i Accorcing 1o Specimen Thuck- following when applicable:
ness ta Keep Wedge Grips 8.2.1 Matenal and sample ideatification
Flot Specimen — from Protruding Zdove or ; aaa g i 3 3
Below Head of Testing 8.2.2 Specimen tvpe (Section 6).
Nugciins 8.2.3 Yield sirength and the method used to determins

FIG. 2 Wedge Grips with Liners for Flat Specimens yield strength (sez 7.4).

8.2.4 Yield point and the method used 1o determine vield
point (see 7.3).

1.10.3 The specimen’s properties were changed because of 8.2.5 Tensile strength (see 7.6).
poor machining practice, : 8.2.6 Elongation (report both the original gage length and
7.10.4 The test procedure was incorrect, the percentage increase) (sez 7.7).
7.10.5 The fracture was outside the gage length, 8.2.7 Reduction of area (ses 7.8).
1.10.6 For clongation determinations, the fracture was T R e b B avilable. oh reguest: shail
outside the middle half of the gage length. or include:
1.10.7 There was a malfunction of the testing equipment. 8.3.1 Specimen test section dimension(s).

8.3.2 Formula used to calcuiate cross-sectional area of
specimens taken from large-diameter tubular products.

8.3.3 Speed and method used-to determine speed of
testing (see 7.3).

8.3.4 Method used for rounding oftcﬁ results (see 7.9).

NoTE 26—The tension specimen is inappropriate for assessing some
hpes of imperfections in 2 material. Other methods and specimens
rmploying ultrasonics, dve penetrants. radiography, etc.. may be consid-
tred when flaws such as cracks. flakes, porosity, cic., are revealed duning
11est and soundness is a condition of acceptance.
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FIG. 10 Squeezing Jig for Flattening Ends of Full-Size Tension?? *

NoTe—The giameie- ¢! the plug snall have a slignt taner from the hne hmiting
Test Specimens

the testing machine 12ws 10 the curved secuion.

= FIG. 11 Metal Plugs for Testing Tubular Specimens, Proper
Location of Plugs in Specimen and of Specimen in Heads of Testing
Machine
’ -— - c—

NZ-z—Tne ecges of the blank [or the sdeomen shall be ot Caraliel to eazn
oiner,

FIG. 12 Location from Which Longitudinal Tension Test
Specimens Are to Be Cut from Large-Diameter Tube
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Dimensions. mm
Speamen 1 Soecimen 2 Soecimen 3
Nomunal Wicin
125 40 40
Gage lencth 50.0 = 0.1 S8.0=900 2000 = 0.2
Wicis (Note 1) 125 = 0.2 400=20 400 =20
Thickness measured thickness of specmen
Radws of fillet, min 12.5 25 25
Length of reduced section. min 60 60 230
Length of gnp section, min (Note 2) 75 75 i
Wain of grip section, approximate (Note 3) 20 50 50

oTe 1—The ends of the reduced section shall not differ in width by more than 0.1 mm for specimens 1, 2, ana 3. There may be a gradual laper in wicth from the encs
center, but the width at €ach end shall be not more than 1 % greater than the width at the center.

o1e 2—I1 is desirable, if possible, 1o make the length of the grip section greatl encugh 10 allow the speamen 10 extend in1o the gnps a distance equal 1o two thirgs of

¢ of ne length of the grips.

21 3—The ends of the specimen shal be symmelrical with the center kne of the reduced section within 1.0 mm for specmen 1 and 2.5 mm for specmens 2 and 3.

07 4—Specimens with sides paralel throughout ther length are permitied, except for referee testing and where prohibited by product specification, provided: (3) the
tolerances are used: (b) an adequale number of marks are provided for determination of elongaton: and (c)' when yield svength is delermined, 2 suitale

ensomeler is used, If the fracture occurs at a distance of less than 2V from the edge of the gripping device, the tensile properties delermineg may Not be representative

matenal. il the properties meel the mirmum requirements specfied, no further testng is required, but if they are less than the munimum requirements, ciscard the
and retest

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



FIG. 14 Location of Transverse Tension Test Specimen in Ring
Cut from Tubuilar Products
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G—Lengin of zarare. Srel D2 BQL2 1T ©F gUE2ieT UEN C.aamigier O
D—ramater TIs5 =02 220=C.* 00=C5
A—PRaowus of fiietl, min 25 25 50
A—Lengin of requced sectisn, mmn 32 38 60
L—Overall lengin. min 25 102 169
B—Length of end section. approximata 25 25 45
C—Diameter of enc section. anproximate 20 30 48
E—Length of shoulder, min 6 & 8
i F—Diameter of shoulder 160=04 240=04 36.5=-04

NCTE—The reduced section anc shoulders {dimensions A.D.E, F, G, and A) shali be as shoven. bul The encs mzy De of any form 16 N1t the ho'Cers of Lhe tesung machme
SuCh 2 way that the Icad shall be ax:al. Commonly the ends a-e threaded and have the cimensions 2 anc C given above,

FIG. 15 Standard Tension Test Specimen for Cast iron
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FIG. 17 Standard Tension Test Specimen for Malieable Iron
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70 5.0 IS TS 2 D 1:9 1.0 1.01 1.0 H
60 6.5 S 20 151 45 ] 1.8 h
S0 851 551 40§ 30} 25 ] 201 2.0 | 1.5 |
40 0o S TrEY YIS 1 304 251 201 2.0 | '
30 |11.5] 75] 50| 35| 35 I 2.5 l 2.0 l 20 | |
20 13.0 9.0 6.0 4.5 4.5 3.0 2 201 ¥ 3

These corrections are approximate only and represent the averages, 10
the nearesl 1/2 Rockwell number, of numerous actual ocbservations.
These values are consistenl wilh ASTM E1B Tables 6, 7, 1J anc 14,
When testing cylindrical specimens, the accuracy of the test will
be seriously aflected by alignment ol elevating screw, Vee anvil,
indenters, surface finish and the straightness cl the cylinder,
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il Pressing Area = 645 mm?
G-—Gage length 50.0 = O NoTE—Dimensions specited, excepl G and T, are those of the die.
D— Diameter (see Nole) 6.4 =01 " = —
R— Radius of fillet, mun 75 Dimensions, mm —
A— Length of reduced section. min . 60 G—Gage length 25.40=0.8
t.— Overal length, min 230 D— Width at center ’ 572+ 003
8— Distance between gnps, mun 118 W—Width at end of reduced section 597 = 0.03
€ — Diameter of end section, anoroximate 16 e T— Compact 10 this thickness 3.56 10 6.35
Note—The reduced secuon may have a gradual taper from the ends towarg £ Radiusiol, linel i
the center, with the ends not more Uﬁan 0.1 mm larger inpziameler than the cenler, - g_- ga."'ﬁ:g:: olizpdused sechon ;ggg = 0.03
FIG. 18 Standard Tension Test Specimen for Die Castings L— chra" l%ng:h 80.64 = 0.03
C— Width of gnp section 8.71 = 0.03
F— Hait-widlh of gnp section 434 =003
E.— End radius 4.34 = 0.03

FIG. 19 Standacd Flat Unmachined Tension Test Specimen for
Powder Metallurgy (P/M) Products
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Approximate Pressing Area of Unmachined Compact = 752 mm*
Machining Recommendations

1. Rough macnine recuced sechion 1o 6.35 mm ciamezer

2. Fwush wrn 4,7574.85 mm diameter with radii and Laoer

3. Polish with 00 emery cloth

4. Lap with crocus cloth

Dimensions, mm

G—Gage length 2540 = 0.8
O —Diameter at center of reduced secbon 4.75,=0.03
H—Dwameter a1 ends of gage length 4.85 = 0.03
A—~Radius of filiet 6.35=0.13
A—Lengih of reduced secton 4763 = 013
L—DOverall length (Gie cavity tength) 75, nominal
B —Length of end section 7.88 =013
C—Compact 10 this efid th'ckness 10.03 = 0.3
wW—Die cavity widlh 1003 = 0.08
£-—Length of shoulder 6.35 = 0.13
F—Diameter of shouicer 7.88 = 0.03
J—Engd fillet rad us 1.27 = 0.3

NoTE 1—The gage length and filets of (he specimen shafl be as shown. The
en0s as shown are desxgned 1o provide a practical minimum pressing area. Other
end deskyns are acceplable, and in some cases are required for high-strength
sniered malenals.

NOTE 2—1 is recommended that the lest specimen be gripped with a spit
coiiet and supponed urder the shoulders. The radius of the coliel suppoat cireutar
edge is 1o be nol less than the end fitet radius of the test specimen,

Note 3—Dameters D and H are 1o be concentric wathun 0.03 mm 1ot
indicator runout {T.LR.). and free of soatches and tool marks.

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



APPENDIX

(Noomandatory Infarmation)

X1. FACTORS AFFECTING TENSION TEST RESULTS

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

X 1.2 The consistency of agreement for repeated testg of

the same material is dependent on the homogeneity of the -

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

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
fnd the use of loads within the verified range for the
snachine, speed of loading, alignment of the test specimen
Mith the applied load, parallelness of the grips, grip pressure,
nature of the load control used, appropriateness and calibra-
Yion of extensometers used. and so forth.

X 1.4 Materal factors that can affect test results include:
fepresentativensss and homogenszity of the 1test matznal,
sampiing scheme. and sp=cimen oreoarztion fsurface finish.
gimesnsional accuracy, fillets ai the ends of the gags lengik.
{aper in the gage length, bent specimens. thyzad quaiiiv. 2nd
so forth).

X1.4,1 Some materials are very sensitive 1o the quality of
he surface finish of the 1est specimen (see Note 11) and must
9¢ ground 10 a fine finish. or polished to obtain correct
esults.

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

X1.4.3 Test specimens taken from appendages 1o the part

component, such as prolongs or risers, or from separately
goduced castings (for example, keel blocks) may produce
est results that are not rgpresentative of the part or compo-

nt.

X!1.4.4 Test specimen size can influence test results. For
¥lindrical specimens, changing the test specimen size gener-
1ly has a negligible effect on the vield and tensile strength
ut may influence the vield point, if one is present, and will
tfluence the elongation and reduction of area values. In
¢neral. increasing the specimen size reduces the % elonga-
po and % reduction in area, although some studies have

own neo eflect, or the opposite elfect. For rectangular
;milc test specimens, increasing the width or thickness
Inerally increases the % elongation and decreases the %
fduction in area,

X1.4.5 Use of ataper in the gage length, up to the allowed
2% limit, can result in lower elongation values. Reductions
fas much as 15 % have been reported fora t % taper.

X1.4.6 Some materials are highly strain-rate sensitive,
hanges in the strain rate can affect the yicld strength and
pngation values, especially for strain-rate sensitive mate-

nals. In general, the yield strength and elongation wij
increase as the sirain rate increases.

X1.4.7 Brittle materals require careful specimen prepar.
tion, high quality surface finishes, large fillets at the ends of
the gage length, oversize threaded grip sections, and canng
wolerate punch or scribe marks as gage length indicators.

X1.4.8 Flattening of tubular products to permit testing
does alter the matenal properties, penerally nonunifority,
in the flaitened region which may affect test results,

X 1.5 Measurement errors that can affect test results
include: verificaton of the test force, extensometers, mi-
crometers, dividers. and other measurament 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 1m:gulanty of
the surface flatness.

X1.5.2 Matedals with anisotropic flow characteristics
may cxhibit non-circular cross sections after fracturz and
measurement precision mey be affeciad, 2s 2 resuli {322 Nou
RS

.\'!..53 Tha 2apsen 3'
ﬂal suriaces Fa} D= pamoohc in snap- aftﬂr v-sung Mucn
will affect th2 precision of final crass-seztlional area measure-
ments (see Note 25).

X1.53.4 If any portion of the fracture occurs autside of the
middle of the gage length, or in a punch or scribe mark
within the gage length, the elengation and reduction of ares
values may not be representzative of the materdal, Wire
specimens that break at or within the grips may not produc:
test results representative of the matenal,

X1.5.5 Use of specimens with shouldered ends (**bution-
head™ tensiles) wall produce lower 0.02 % offset vicld
strength values than threaded specimens,

X1.6 Because standard reference materials with certified
tensile property values are not available. it is not possible 10
nigorously define the bias of tension tests. However, by the
use of carcfully designed and controlled interlaboraton
studies, 2 reasonable definition of the precision of tension
1cst results can be obtained.

X1.6.1 An Interlaboratory test program?® was conductd
where six speciraens each, of six different mateqals wen
prepared and tested by each of six different laboratons
Tables 2.1 1o 2.6 present the precision statistics, as defined i
Practice E 691, for: tensile strength, 0.02 % yield strength
0.2 % vield strength, % elongation in 5D, and % reduction ¥
area, In each table, the first column lists the six matend
tested, the second column lists the average of the averag
results obtained by the lazboratoriss, the third and fift
columas list the repeatability and reproducibility standar
deviations, the fourth and sixth columns [ist the coeflicies
of vanation for these standard desviauons, and the sevent



ind c1ghlh columns list the 95 % repeatability and reproduc-
bility limits, -

X1.6.2 The averages (‘bclow columns four and six in each
able) of the coeflicients of varation permit a relative
lomparson of the repeatability (within-laboratory precision)
ind reproducibility (between-laboratory precision) of the
ension test parameters. This shows that the ductility mea-
mirements exhibit less repeatability and reproducibility than
he suength measurements. The overall ranking from the
east 10 the most repeatable and reproducible is: % elonga-
jon in 4D, % reduction in area, 0.02 % offset vield strength,
1.2 % offset vield strength, and tensile strength. Note that the

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

X1.6.3 No comments about bias can be made for the
interlaboratory study due 10 the lack of certified test resulis
for these specimens. However, examination of the test results
showed that one laboratory consistently exhibited higher
than average strength values and lower than average ductility
values for most of the specimens, One other laboratory had
consistently lower than average tensile strength results for all
specimens.

TABLE X1.1 Precision Statistics—Tensile Strength, ksi

Materia ' X 5 s/X % Sk SafX, % r R
C-H19 25.66 0.63 2.45 0.63 2.45 1.76 1.76
£24-T251 71.26 [eR:1:} 1.24 0.96 1.34 2.47 2.68
£TM A105 86.57 0.60 0.70 1.27 1.46 1.68 3.55
151 316 100.75 0.29 0.3% 1.21 1.20 1.09 3.39
conel 600 £9.438 0.421 0.43 0.72: 0.72 1.19 2.02
AE 51410 181.73 0.46 Q25 1.14 0.63 1.29 3.20

Averages: 0.91 1.30

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

5, 15 the repeatability standard deviation (within-labotatory precision),
s,/X is the coefficient of vanation in %,
$a 15 e reproducibiity standard cewzhon ta—ﬂvee"l-.aao aiony oresision),
Sa/X 15 Ine coeificient of vanauon,
ris the 95 % repeatzoility s,
2 i5 the €3 % reproousbiity imis.

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

1, Matenal X 8, $,/X, = S5a SafX. % r R
t-r19 15.17 0.65 3.99 1.19 7.356 1.81 3.33
32¢-T351 £1.38 0.84 1.64 0.89 1.73 2.36 2.49
ETM A105 59.66 1.20 2.02 1.89 3.18 237 5.1
I51 316 48.62 239 4.91 461 s 949 6.68 12.01
tonel $00 38.74e 046 1.18 0.76 1.96 1.28 2.13
AE 15410 104.90 2.40 : 2.29 3a7 lcz 6.73 8.88
Averages: 2.67 445
-
TABLE X1.3 Precision Statistics—0.2 % Yield Strength, ksi
Matenal X s, 5./X. % Sa 5a/X. % r R
H18 22.98 07 208 0.48 207 1.33 1.33
221351 . 52,64 074 1.41 Q.79 1.48 2.08 2.20
iT™ A10S 56.36 0863 1.42 1.44 2.47 2.3 403
Bl 316 €9.63 0.34 1.35 2.83 4.07 263 7.93
tonel 600 389 0.36 0.3 0.85 2.18 1.0t 237
iE 51410 140,23 1.29 092 2.30 154 3.50 6.45
Averages: 1.35 2.32

1
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TABLE X1.4 Precision Statistics—% Elongation in 5D

Material X s, /X, % Sa [ S 4 R
EC-H19 14.61 0.59 4.03 0.66 452 1.65 1.85
2024-T351 18.04 0.64 3.57 1.72 953 1.81 481
ASTM A105 25.63 -0.77 299 1.30 5.06 2.15 3.63
AIS1 316 35.93 0.71 v 1.98 2.68 7.45 2.00 7.49
Inconel 600 £1.58 D.67 1.61 1.60 3.86 1.88 4.49
SAE 51410 1239 0.45 3.61 0.95 7.7% 1.25 2.69

Averages: 297 6.36 .
NOTE Al—-Length of reduced secuon = 50, )
TABLE X1.5 Precision Statistics—% Reduction in Area

Matena! X S s/X. % Sh SpfR. = r R
EC-H18 79.14 1.94 2.45 2.02 2.56 S.44 5.67
202471351 30.31 2.07 €.82 3.58 11.80 5.79 10.01
ASTM A105 65.59 0.84 1.28 - 1.26 1.92 2.35 3.53
AIS1 3186 71.49 0.99 1.39 1.61 2.25 2.78 4.50
Inconel 600 59.34 0.67 1.14 0.70 1.18 1.89 1.97
SAE 51410 50.49 1.86 362 3.85 7.81 521 11.05

Averages: 2.80 4.58

The American Sociely for Testing and Matesials takes no posdion respecting the vahdny of any paten righls asseried in connection
with any tem mentioned in this stancard. Users of his siandard are expressly advised thal determination of the validity of any such
patent rignts, and the risk of infringement of such rights, are entirely their own responsibility.

This stancard is subjec: (o revision a: any time by the responsible technical commelee and must be reviewed every five years anc
i no! revised, either reapprovec or wiharawn, Your comuments are inviled eiher for revision of (his siancard of for aodditronal stanoaras
anc should be aodressea to ASTM Hezoguanters. Your comments will recerve care!w! consigeration & & meeting of the ressonsiole
:ezhrizal committee, wriich you may aitend. I vou feel thal vour comments have no! rfzervel & (210 neanng vou $I0wC make voy
wiews kngyn 10 the ASTWM Coemmmee on Stangarce, 1976 Race S, Paragelonra. P4 13125,
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TABLE X1.4 Precision Stalistics—% Elongation in 50

Materiat X s, s/X, % Sa /X% r A
ECH19 14.61 Q.59 £.03 a.66 4.52 1.65 1.85
2024-T351 18.04 0.64 157 1.72 9.53 1.81 4.81
ASTM A105 2553 D77 259% 1.30 5.06 2.15 31.63
AlISI 316 35.93 0.71 1.98 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 0.45 2.63 ' D98 7.75 125 2.69

Averages: 2.97 6.36 .
NoTe Al—Length of reduced secuon « 60, )
TABLE X1.5 Precision Statistics—% Reduction in Area .

Matenal X S /X% Sa sa/X = r R
EC-H19 79.14 1.94 2.45 2.02 2.56 5.44 5.67
2026-T351 30.31 2.07 6.82 ase 11.80 5.79 10.01
ASTM A105 65.59 0.84 1.28 126 1.92 2.35 3.53
AlSI 318 71.49 0.9 1.39 1.61 2.25 2.78 4.50
inconel 600 59.34 Q.67 1.14 0.70 1.18 1.89 1.97
SAE 51410 50.49 1.88 3.69 3.95 7.81 521 11.05

Averages: 2.80 4.59

The American Socrety for Testing and Materials lakes no postion respecting the vahdny of any patent riphts asseried in connection
with any tem menuoned in this stancard, Users of this standard are expressly advised that determinanon of the validity of any such
patent rights, and the risk of infringement of such rights, are enurely ther own respoasibility.

Thes stancard is subiect 1o revision al any lime by the responsible technical commetee and mus: be reviewed every five years anc
i no! revised, either reapprovec or watharawn, Your comumenis are invired either for revision of this s:ancarz or lor 8gdsranal stangargs
2nc snoulc be agdresseda (o ASTM Heaoouvanters, Your commernts will recerve carefu! consioeratisn & £ meenns of (ne resoonsiole
reznmzal commitiee, wrich you may aienc. If vou feel thai vour comments have nol rfzeves £ i2if 2220105 vOT £T0WIE [HEKE vou

ne emane

views xnQwrn 10 Ihe ASTM Commmee on Stancarcs. (976 Race S:. Padaceloma. P4 15125,



APPENDIX

(Nonmandatory Information)

X1. FACTORS AFFECTING TENSION TEST RESULTS

X1.! The precision and bias of tension test strength and
Juctility measurements depend on strict adherence to the
aated test procedure and are influenced by instrumental and
matenial factors, specimen preparation, and measurement/
2sling errors. )

X1.2 The consistency of agreement for repeaied tests of
the same material is dependent on the homogeneity of the
material, and the repeatability of specimen preparation, test
conditions, and measurements of the tension test parime-
1ers. .

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, parailelness of the grips, grip pressure,
nature of the load control used, appropriateness and calibra-
non of extensemeters used, and so forth.

X1.4 Matenial factors that can affact test resulis include:
representativeness and homogencity of the test matenal,
mmpling scheme, and specimen preparztion fsuiiace finish,
dimensional accuracy, fillezs at the ends of the cage i=nen.
iaper in the gage length, beat specimens, thread quality. and
s0 forth).

X1.41 Soms materials are very sensitive 10 the quality of
the surface finish of the 1est specimen (se2 Note 1) and must
 pround to a fine finish, or polished 10 obtain correct
results,

X1.4,2 Test results for specimens with as-cast, as-rolled,
as-forged, or other non-machined surface conditions can be
alfected by the nature of the surface {(sec Note 12).

X1.4.3 Test specimens 1aken from appendages Lo the part
or component, such as prelongs or risers, or ffom separately
produced castings (for example, keel blocks) may produce
test results that are not E:prcscntativc of the part or compo-
nent.

X1.4.4 Test specimen size can influence test results, For
cvlindrical specimens, changing the test specimen size gener-
ally has a negligible effect on the yield and tensile strength
but mav influence the yield point, if one is present, and will
influence the elongation and reduction of area values. In
eeneral, 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
lensife test specimens, increasing the width or thickness
generally increases the % eiongation 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 2 1 % taper.

X14.6 Some materials are highly strain-rate sensitive,
Changes in the strain rate can affect the yield strength and
tlongation values, especially for strain-rate seasitive mate-

nals. In general, the yield strength and elopgation will
increase as the straln 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 Flantening 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 cap affect test resuits
include: verification of the test force, extensometers, mi-
croroeters, dividers, and other measurement devices, align-
ment and zeroing of chant 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 Matenals with anisotropic flow characteristics
may exhibit non-circular cross secuons afler fracture and
measurement precision rpay be zffagcied. pg 2 ragnit free Note

S e Bl RN W R

PO P T i

Siesy &g sonsweinn Sumng
1 suraces raay De paraboilc in shaps afier 1esinz whick
will affect the precision of final cross-sectional area measure-
ments (see Note 15),

X1.5.4 Il any portion of the fracture occurs outside of the
micdle of the gage length, or in a punch or scribe mark
within the gage length, the elongation and reduction of area
values may not be representative of the material. Wire
specimens that break at or within the grips may not produce
1est results representative of the matenal.

X1.5.5 Use of specimens with shouldered ends (*bution-
head™ tensiles) will produce lower 0.02 % offset yield
strength values tfan threaded specimens.

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

X1.6.1 Aag ioterlaboratory test program® was conducted
where six specimens each, of six different materials were
prepared and tested by each of six different laboratories.
Tables 2.1 10 2.6 present the precision statistics, as defined in
Practice E 691, for: tensile sirength, 0.02 % yield strength,
0.2 % yield strength, % elongation in 41D, and % reduction in
area In each table, the first columa lists the six materials
tested, the second column lists the average of the average
results obtained by the laboratories, the third and fifth
columns list the repeetzbility and reprodugbility stapdard
deviations, the fourth and sixth columns list the coelficients
of variation for thess standard deviations, and the seventh



and eighth columns list the 95 % repeatability and reproduc-
iliny limits,

N1.8.2 The averages (below columns four and six in each
whle) of the coefficients of wvariation permit a relative
«amparison of the repeatability (within-laboratory precision)
and reproducibility (between-laboratery precision) of the
wension test parameters. This shows that the ductility mea-
wrements exhibit less repeatability and reproducibility than
%ie strength measurements. The overall ranking from the
sl 10 the most repeawable and reproducible is: % elonga-
aon in 3D. % reduction In area, .02 % offser vield strengih,
0.2 ¢ offset yield strength. and tensile sirength. Note that the
«2nkings are in the same order for the repeatability and

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

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

specimens,

TABLE X1.1 Precision Statistics—Tensile Strength, MPa
Iiarenal X s, 5/X,. = S S$a/X, B r R
L5ne 177.5 0.63 2.45 C.€3 2.45 1.76 1.76
7351 492 9 0.88 1.24 0.96 1.34 3 2.47 2.68
L3TRE A0S £38.8 0.60 0.70 1.27 1.45 1.68 3.55
<506 696.9 D.3¢9 0.39 1.21 1.20 1.08 3.39
wzonel 600 688.1 Q.42 0.43 Q.72 072 1.19 2.02
“AZ 51410 1257.0 0.456 0.25 1.14 063 1.29 3.20
Averages: 0.91 1.20
NI X i the average of the cell averages. that is. the grand mean for the test parameiter,
5. 1§ the repealabiiity standard devisuon (withindaboratory precs:on).
5, X3 the coefficient of vanaton in %.
4, & N2 seproducibility standard dewation (between-aborzlory precsion),
5 Yt he coeficient of vanation, %.
‘372 9 % repeaiapity hinuts,
=t ma 82 % recrosusdiliy bmcs
TAZL_E I Srecision Siatisuzg—o.I2Z % Vieic Sirength. MFs
b bY <, s /X, = 5a Sark. B r A
(W i11.8 0.65 3.02 1.19 7.38 1.81 253
i | 3352 0.84 1.64 Qes .73 2,35 2.49
BTN AILRE £12.7 1.20 202 189 .18 3.37 I3
5318 336.3 239 401 £ 61 29 6.68 12.91
=zone' 600 268.0 0.46 1.18 076 o5 1.28 2.13
&% 15410 725.6 2.40 229 3.7 102 6.73 8.88
I Averages: 2.67 245
TABLE X1.3 Precision Statistics—0.2 %% Yield Strength, MPa
Materal x 5, LS Sn SafX. % r R
ing 1550 0er 2.06 0 48 2,07 1.33 .33
§T353 is4n 0.74 1.41 0.78 1.9 2.08 2.20
i1 305 <037 0.83 1.42 1.44 2.47 2.3 403
£ 216 481,86 0.94 125 2.83 207 263 7.93
el 600 259,1 0.36 0.23 0.85 2.18 1.01 2.37
£ 5100 S70.7 125 co2 2.30 164 3.50 6.45
Averages: 1.35 232

i



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

" Matenal X s, 5/X, % n /X, % r R
2H19 17.45 0.64 3.69 0.92 530 1.80 2.59
24-T351 1975 0.5% 299 1.58 8.00 1.65 4.43
3TM A105 29.10 0.76 262 0.98 3.8 213 276
&1 316 40.07 1.10 75 2.14 5§35 3o 6.00
gonel 600 4427 0.66 1.50 1.54 3.48 1.86 431
€ 51410 14.48 0.48 229 0.99 8.8 1.4 2.77
5 Averages: 2.81 5.39
NoTE AT—Length ol reduced secton =~ 6D,
TABLE X1.5 Precision Statistics—% Reduction in Area
Matenal X [ /X, % [ 1 L1 OO r R
-H19 79.14 1.94 2.45 2.02 2.56 5.44 5.67
22.T351 30.31 2.07 6.82 3.58 11.80 .79 10.01
§7M A0S 65.59 © 0.84 ; 1.28 1.26 1.92 2.35 3.53
§i 216 71.49 0.99 1.3%9 1.61 2.25 278 4.50
$cnel 600 £9 34 0.687 1.14 0.70 1.18 1.89 1.97
*E 51410 50.49 1.86 3.69 3.95 7.81 - 5.2 11.05
{ Averages: 2.80 459

—

The American Society for Testing and Materigls takes no pasition respecting the validity of any patent rights asseried in connection
with any dem menlioned in this standard. Users of this standard are expressly advised [hat defermnation of the validity of 8y such
patent rigms, and the nsk of infringement of such rights, are entirely their own responsibility.
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La mixima resistencia a la tensidn y ¢! médulo de elasticidad para cada polimere son:

Resintencia Modulo de
a la tensidn elasticidad -
“Polimero - (psi) (kif) Estructura
Polictilcno BD 3000 10 Altamente ramifi-
. \ cada, amorfa con
! meros simétricos
Polictilena AD 5500 180 Amorfa con meros
simétricos pero cicasa
ramificacion
Polipropileny 6000 220 Amorfla con pequeiios
grupos latcrales de
metilo
Policstirena 8000 150 Amorfa con grupos
latcrales de hencens
Cloruru de paliviniloe 9000 Guo Amorfa con grandcs

dtomos de cloruro
como grupos laterales

S¢ pucede concluir que

{a) La ramificacion, que reduce la densidad y la compactacidon de las cadenas, reduce las

prupivdudes mecdnicas del peliciileno,

{b) Adadiendo dtomus o grupos diferentes del hidrSgeno a la cadena, se incrementan la re-
sistencia v la rigidez. El gropo metilo en el polipropileno proporciona alguna mejoria.
el anille de beneeno del estireno proporciona mejures propiedades v el Sromo de clorare
20 ¢l cleruro de polivinilo proporeiona una gran meinra en tas propicdades mevdnicas.

Reststencia Aedulo de

¢ lo tension Elnpgocidn tlosticidad
o Polimero (ps) () (ks1)
Termoplisticos por adicién lineales 3000-12,000 5-800 10-600
Termoplisticos por condensacidn lineales  8000-17,000 10-300 250-600

Polimeros termezstables $000-13,000 0-6 300-1,600

Los polimeros por adicién Yincales tienen la menor resistencia v rigidez pero la mayor
ductilidad. Los termoestables tienen Ya mavor resitencia v rigidez pero son frigiles. La
mayoria de los termopldsticos par condensacidn lineales tiene propiedades intermedias; su
estructura molecular es normalmente mis compleja que 1a de los polimeros por adicién,
pero no estdn ligados en forma cruzada como los termoestables.
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JABLA 12-5 Grupos uncionales para varlos polimeros la_;(_?oesgobfes
s e e

Aodulo
Resisteacia de
' : b ki : clasticidad  Denyidad
Polimero Estructura (psi) | Elongacian (%) (kei) (g/cm’)
- | E :
] & H :
\‘.. : iz i : i : L
1 o 5
. H H :
Fensticos™ _ 5,000-9,000 0-2 400-1300  1.27
.'H H 7 :
H .
b H H :
., Aminas \N/ #.000-10.000 0-1 10001600 1.50
o | :
-~ X C
£ N 3
N N Melamina
1 I !' 3
H C G H
s SR P L v
N ™~ N
I / \
H H :
R O H
i N s
N—C—N Urea
b5
H H
Pililieres | DG GG . 25000 130 =t HY-a3 =3
H o : o H
. . XU W oM pEX
Epéxicos /C——C-—R—C-—-—C\ 4.,000-15,000 0-6 400-500 1.25
H H
s o 4 .
Uretanos . H--O-—-CIZ—:\'—R—N—(IZ-O—-H 5.000-10,000 3-6 1.30
H H -
H
: 7
H\ O
/
H\ C
F NG
uranos J C=C H i 3.000-4,500 1530 e
\ 2 1 2
O
i
s
H H
fa 8
O H—C—H
Silicones ..._é;.._.o_éi__o_...
i 3,000-4.000 0 1200 155
H—C—H :



T;ABLA 12-4

Unldades repelitivas y propledades de algunos elastémeros

Resistencia
a la tensivn,

Densidad

Polimero Estructura (ps1) E[ang}r;?n (%) (¢lem’)
I
HH—C—H H H o
Poliisopreno | = 3000 800 0.93
C A '—C"—-
I I
H H 2
b
Polibutadicno —--(':——?=?—(|:—- 3500 0.94
H H H H
I Sh
[i{ H—C—H l;{ lil ll-{ H-—(I:-—H
i
Poiibutileno : (;——('=-=-=C-—(";--?-—-? =] 4000 330 0.92
5 H|H H—C—H '
I
L R ke
Palicloropreno 3500 800 i.24
(neopreno)
Butadicno-estireno 600-3000 600-2000 1.0
(caucho BS o SBR)
(¥
Butadieno-acrilanitrilo 1.0
Silicén 1.5




i

TABlr.A 12:3“ (continuacidn) : : L - L
e e Médulo
Resistencia P dé

: a la tension elasticidad Densidad
Polimero Estructura (ps1) Elongacidn (%) (ksi) (g/em’)
Poliimida : 11,000-17,000 8-10 300 1:39

. . o o -

H
s CE G \

: --—-N\. \N

f B ola

f H H H } - -

e

TABLA 12-3  Unidodes repelilivas y propiedades para lermopldslicos lipicos que lienen estructuros de
cadenc complicadas

) Midula
Reststencia dr
a la tensiin ‘elasticidad Densielud
Polimern - Estructura (i) * Elungaciin (%) (hsi) (elem?®)
(3% Hp 7 ' '
Poliéter e GO — Gt OO = - 9,500~ 19,000 25-75 520 1.42
(acetal) | | |
H H H
Poliamida 11.900-12.2¢0 60-200 400-300 1.14
invien’ ‘
i -_ - = .: - -.. — — (I} iy
: ey P -
e i G € — E—L—C—N—C—C—C—C—C—C—N—-=
i, o PR AL R P Bl e
HHHHHH HHHH
Poliéster ' §.000-10,500 £0-300 400-600 1.36
(dacrén) !
T e 0 H H
| | 1 $:%
---—(l:—o—c c-—o—<|:—(|:~—o—---
N H H
Policarbonate 9,000-11,000 110-130 300-400 1.2 '
3 T ek
H—C—H
H—(l:-—H
H
{} ‘Celulosa 2,000-8,000 5=50 200-250 1.30
H H
| |
=
oE S
=g Mot
e & o O C—es
X /H 7
i
H—C—H
oG
O




TABLA 12-2 Merosy los propledades de algunos lermoplasiicos producidos mediante polimerizocién

\

por adiclén
o Midulo _ B
| Resistencia de
i i a la tensien . dasticidad | Densidad
Poliinero . Estructura (pei) Elunyaciun (5¢) (bi)” ~ (glon’)
p : H
Polietileno li{ |
baja densidad (BD) B 600-3.000 30-800 15-40 0.92
alta densidad (AD) }|{ 1»'{ « 3.000-5.500 15-130 60-180 0.96
By
Cloruro de polivinilideno Cii ? 5,000-9,000 2-100 300-600 1.40
H H
H H
Polipropileno —‘r: *i'-“ 4:000-6,000 BEAY 6a-220 om0
H H—C—H
[
H oM
Peiiesiirenc g e 3.200-8.00 -3 23036
BN
A e
H H
i
- o S
Polimatiime:acrilato HoC=b 6.000-12.000 2-3 350-450 122
(Plexiglass acrilico) |
7
H-—C]l-—H
H
H ClI '
... fod St :
Cloruro de polivinilo S AR e - 3.500-3,000 160-240 30-80 1.15
¢ 1
H C
F" <€l
Policlorotrifiuoroetileno __é_é___ 4.500-6.000 80-230 130-300 2.13
I~ ‘
F F
Politetraflucroctileno 2.000-7,000 100-400 60-80 213

(+ellon)
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PROP[EDAD | FINRAS UATURALES®  FIGRAS ARTIFICIALES (ORGANICAS) | FIBRAS
PE_LAFIERA | veceTaLes NIIALES connensacion * | apicion |ARTIFICIALE
; : [HORGANICAS
| HOMMRC DG FIBRA | 'ALGODON LANA SEDA HILOK TERYLENE | POLIETILENO| VIDRIO
Frorotna 3 ;
Unioav monome | CeLutosa | QUERATIHA e Mioa ESTER . ETiLEno 10,
| Sericina :
RESISTENCIA: . : : ;
\) Auealts . ALTA BAA BAJA ALTA REGULAR DUENA' HALA
e 2 ALTA ALTA ALTA REGULAR | REGULAR REGULAR BUENA
c) Acioos | BAJA psJA RAJA ' BAJA REGULAR BUENA - BUENA
9) Honsns REGULAR RES'E AR RAJA | ALTA ALTA ALTA ALTA
E) INSECTOS RN LEWES HAJA | ALTA ALTA ALTA ALTA
DENSIAY LSt arew’ | 132 e/an’l 122 | Ll o/ew’| 103 | 0.90.90/00) 2527 o/cd
agsesencia 0 7-8.5% ' P | 33 BT CAS: 5uis Tl
AR FESD UE 0.2 xarend |1.0 xasen® | 5.70ra/cn? |50-70xc/cn?
TR Ion (hojedy|  4-200 Ry 4.90 . 5.0 | 8.900 .400 | * 21.00
: N S
b o Rl O 1 200 210 220 70 350
DIAMETRO 20 16-50 8-15 '
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EJEHPLO HMCNOMEROS P OL | K EROO elISes
. (UNIDAD MONOMERICA)
o o ¥ :
" 1" I 1 i
“POLIAMIDAS Hoc-(cuz}q-cou =C-(CH,), - C - NH-(CH,) - Nii-' Fibras y ob-
. { 257N 2
{nylen) ACSADIPICO o jetos rm::ldv:_:_r1
. "Ne = dos.
i HoN (cuz)N NH, %
HEYAMETILEN DIAMINA
POLIESTERES o B
¥ " '
SRS TN o
QFrtedu ACICO-TEREFTALICO bt i " , neales, fi=
HO-(CHZ)H-OH -C-@)-C—C-(CH)Z—C:-' bras, cintas
- - S1 e = magnélicas.
ETILEKGLICOL x '
POL'ESTERES —c” ENEISRIZD Finturas,go-

R Y

o FTALICD /_{_ 0L liesteres de
[ CHy=Ci-CH, =G~ csdena cruzal
10=- ] - - -5 " Ll -4
1'0 Cl.2 CH CI!2 CH o 0 ga.
GLICERINA OH '
,PCLIESVERES 0 9 Cadena cruzg
: i v 0 0 da ccn esti-
HO-C-CHaClid-(-CH X o rerd y pard-
~C-C=CH=C-0-{Ci. ) 0= aidus
H9-(25), ~oH | gt res.mz=fitrs
i i e i St
£7 ! i
REston pryas o ' TR P
5 -~ o
TCRAALOEH!ICS G SR s
(zagsLtsal oo L A
ca CiH.
FCRMALDERIZC ¢
ra
FeNcL
ACELATZ CE 2 _C}I:--il ' CH.=-9-C-CH, Paifevia fo-
A LT R 2 c" 3N '
cELULOSA /0._"! LR A A K‘ %
-0 L Y = Wi
" \ R
CHzC=0 ACICD i \,—-u—'-’\’
1 R i e g
oM AZETICC w L Gkl

s

r
-~

—— e e meedh

POLIMEROS POR CONDENSACION.



- \

EJEHPLO

Fana . -

| g —————— e

"HONOMEROS (UNIDAD MOHOHMEFICA)

POLIMERO

Uusos

I
POLIZTILENO

CHz-CH2 -CH2~CH2-

58 (A TR T

ETILENO F

El m&s comGn e Iim
partante golimero
tolsas, aislamien
to y botellas mol
deadas.

POLIPROP I LENO

"CH,=CH e
g CH,=CH

Fibras pa_r_a alfom
bras interiores y

= = CH, = = (IZH - |exieriores.
PROPILEND % 3
5 CH,=CH | -CAy-CH- Mcldeo de objetos
POLIESTIRENOD . - o 1 ! 73 gor3 uso domdstico
i = ESTIREMNG i 5 le induscrial.
POL1CLOAU20 DE CH,=CH | T-ga,-tH-  — = |Racubrimiento de
VIHILO . 3 él : " piscy acetatos de
i i cl! diszcs, tukecs pard
PVC CLOPLRC 2 VIMILO | agus, envases y bo
. ! jteiias transcgaren
! J ite.
PCLITETRA FLUGRY F : E F F Csras inascillatle:
R0 GE ETILIND .C = c(: T - N T re3istienia 3 zelicy:
¢ lTEFLCN 275E) F ~F ! H F fas quf= cas. iz
| TITRAFLLGRO ETILENO S |
1 3 g
| peLimetachILaTs CE : Cx2-0-CH, I T vidria irrezpidle 4
; KIT:LC : I Cﬁzﬂg METTL-MET 4 : .-(H:'Ef & ipinTuras lazex. I
! A Chiy SRULATI. it .3 :
D arene . LY : gk —_————
A e i, IR T 5 T S e T4 e A T AN L
; ; oo sitoes ol
i Crtns, o2 i8ni0Fesil; ! 3 3k o e
; e — ! s S ;| — e E e
| FOLI-ATITATI 03I %) TH, = e 3 ive s, pintacas
Eh e 3 ' < :---:-".: . v ,f_,_l_,_ »leazas neatist
: AEIATS o ; i pgunat~de Ty
: 3¢ wimia © | 2
: = = SR Trs B > Sis
| HEULZ MATURAL cH, | cn SSLem2F0, COn GO
| I T R A T o -
~ ClioaC-CHelH, e R LR Rl fure por (culca-
= - - 0y
£i§=i SCPAEND i e
PSLICIGRCERENG cl El sden3s cruza-
WECER-1G) £52C-Cli=CH, -2, -C=CH-Ti. - R S XN )
= - Fi : ate 3 acaitmsy
CLoASFRENd . I s z I6GAY . I
: .
ESTIRENS-ZUTADIINS | CH =Cii.  ESTIREHT j<an cadenas zruza- |
r23gn A li3s = xida:
L32R; /E\ SAM, ~TH-CHznHalH-gp 335 C6 peréxida; s
: . 2 2 22! mas comGn huie -
k/) BuT~2 1 £ 1 { "s] : iado para llaneas,;
. P - TE® bvrvn
€5, =CH-Cal=CH | O BINE S {Anstane Ty R :
' £ 2 & R e 147 r‘"'.l':_,_

POLIMEROS POR ADICION.



TABLA B.3. PROPIEDADES MECANICAS DE LAS ALEACIONES LIGERAS NO FERROQSAS®
Resistan- ::6?“::. Hdzne: Lﬁ:lh o
.. & ol cla m 1a | Resistene [42 €la®ipo clonio] Reslated. | ro de ffatigapars o
Aleacldn m:n:;u cd . cedencla cla a Ja dd"li €l de elon. cla ol duzgin| flexiones /plp
' tpros ml’ 2, % pow tensidn, “;‘c’r‘s“' gucién en| corte, de |Feverdday
porcentsje T Ib/plge oot 2 plg 1bsplgt | Rock. 1b/plg?
Ib/plg b/pler | well
Aleacidn de aluminfo 2024, Aluminic §3; vobra 4.5; o .,
Temple 0 magnesie 1.5; manga- 11 000 27 00O 10 0 n’ 18 000 Hvo 11 000 0.100
Temple TIS } ficza 0.8 { 57 000 52 000 10.6 13 42 0w Bso 18 00 0.100
- Aleactén de aluminio 2014: .
Temple O “‘;u"‘:'“"; 8”_3‘ cobre ddi [ o0 | 97 000 | 100 18 18000 | Hor | 13000 | 0.102
Temple T6 sibee hd TNANEAntsq 1 #0 000 70 000 10.¢ 12 41 000 | Das 13 Go0 0.502
Q.8; magnesic 0.4 &
Alescidn de aluminla 50352
Temple 0 Aluminle 97; magnesio 2.3, 13 00 a8 009 12.06 30 18 6CO 1¢.54 16 000 0 090
Temple H38 } cromo 0.25 { 47 000 12 cwvo 10.0 8 24 000 E&%-| 20 000 0.0u0
Alcacien de aluminie 35456: g,
Temple 0 } M;‘gf’“rl:a:;;::;“g“;":& { 21 000 | 43000 | ... mo00 | ... | ... .| 0.0a2
Temple H32§ bre 0.15: cromo 0.15 37 000 31 00O .. 30 600 [ P — 0.092
Aleacidn de aluminle 7073:
Temple 0 Aleaclén 80; clne 5.5; [
! ' 15 000 33 000 17 23 ©00 En}
le T6 . 5. ;
Temple } cobre 3053. magnesio 2.5; t 21 000 £1 000 . i 12 000 190 23 000
Aleacldén de magnesio AMIOOA. SIRMS. 4 :
Fundlcldn, condicién F ” { . Hurminda A o i 5 i _ ”
Fundiclén, condiclén T61 ’ Magnesio 90; aluminio } { -l- o 27 000 6..: 2 13 000 FE"I 10 000 Q.06
manganeso N.1 2 Qua 40 QU0 6.3 t 21 000 a0 10 000 0.0c8
Aleacién de magaetio AZBIA:
Fundicidn, eondiclén F } Magnesio 81; aluminlo 6; [ 14 0N 29 000 6.3 [ 15 0C9Q Ex9 11 000 0 Ohh
Fundicién, condicién TG cine 3; manganesa 0.2 19 000 a0 000 G.5 3 20 000 E3} 1o 0.064
Propiedades alisticas ds matarialas representatives,
a lemperalura oidinaria
Madulo Rigidez especiflice
Youny Pelacidn E s
Material E, 10° Nim?" de Poisson.r 105 N - mikpt
Grafito 130 3000 TADLA &-3  Reicclén entre el
Cristzles de Al,Q, {zufiro! : médulo ce alcsticidad ¥ 1"
[IOTOI 230 san lemoueroiuro ce lusién ¢o loe melcles
{1120] i23 310 Tenteetzg de Ml de
[c0c1] 43 120 Saziuz elestioidud
Bearo - 45 0.21 190 Mital () (21}
Carhuro sinterizado WO GE .21 16
Vitr=o-cerdmico 10 ¢.23 39 Pl g 2.0 x I15°
Vidrio de silice g 24 32 .\\[Ig [D":: :’}3 ': ::;
. i s _— E pl L0 *
Aleaciones de alumninio 7 0.%3 i ol 9‘62 ;[, 3 s 160
) 3 3= g . 0 I A
Aceru. 20 0.25 25 Au 1064 [1.3 :« 0"
Tungsteno sl n.23 21 Cu 1035 18,1 » 1u¢
Madera (t{picak by Ni 1433 29.9 x |0*
longitudinald -1 ~n.04 16 Fr 1538 30.0 % 5"
radial 0.07 ~0.3 j Mo o500 43,4 w |G
\ ) " W 3410 54.3 x 8
tangencial 0.06 ~N3 1 D !
Aleaciones de cobre 12 .33 i3 "
Nilda Inylon) 0.3 0.48 2
Polietileno 0.04 , 0.3 0.4

1 Para convertir N'm? en %gilcm?, multipliquese por 1.620 x 105 y =n | pulg®, por

1450 x 1074

Jar 4.01,

tPara convertic N

*m kg en kgl * mrkg, multipliquese por 9.30 y en !th « pu gk, ...



TABLA {3:2 Propledades de algunos moterioles relorzadat ¢on librat

Kantenvta * Moddvly e Temperatura Mddula Hetiatencla
Densidad a le lensivn elaslicidad < dr_furivn e1pectlice rpecifica
Material {g/ent) (4ri) (= JApii) (L) (x 10U ple) {n 1A ply)
Vidria E 2.55 500 10.% <1725 114 5.8
Vidrio § 2.%0 650 12.6 <|715% 14.0 7.2
Sio, 2.19 250 10,5 1724 1.3 10.8
ALO, .15 300 23.0 2013 21.9 2.6
0, 4.84 300 30 2077 28.8 1.7
Crafito HS 1.50 100 40 3700 74,2 7.4
(alta reaisiencing
Crafite HMM 1.50 270 77 3700 143 5.0
{alio médulo)
BN 1.50 200 13 2730 18.8 2.9
Sorn 2.36 500 55 2030 64.7 4.7
B.C 2.36 330 70 2450 82.4 A8
5C 4.09 e A 2700 47,3 .2
T, 4.44 13 74 2980 43.3 =4
Be 1.83 135 44 1277 7.3 2.8
w 19.4 %80 39 3410 3.5 0.1
Mo 10.2 320 32 2610 141 d.9
Kevlar 144 523 18 4.7 10.1
Waskers
de AL, 394 Jonn 62 1982 434 200
dv BeQ) 2.H3 1900 50 2530 4{8.5 18.5
de H.C 2.52 2000 70 2430 6.9 22.1
de SiC 3.18 3000 10 2700 60.8 26.2
de SN, s.13 2000 55 47.8 12.5
de pralicu 1.66 3000 102 3700 170 £0.2
de Cr 7.2 1290 35 1890 134 4.9
dve Cu 89 58 1.3

92 421 13 1033

Y.
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1l
—————

ParrEz 2 — Crrimicas (Tomadcos de medios numerosoé ~
! Fi -
. © Conductivid . :
: ::rr:iccaﬁe:d' Expantién Reststividad Medulo de.
Material Gravedad alows térmica en eléctrica en elasticidad
especifica —— plg/pla/°C chmem promedlo,
*Ccm?tseg a 20°Ct a 20°C} Ib/plgr a 20°C
a2 20°C* )
c'\
AlO, 33 0.07 LI} 5 X 108 — 50 % 10°
Tabique . i

Edificlo 2.3() 0.0013 5% 10-% i e o

Arcilla fuego 2.1 0.002 2.5 > 10— 14 % 109 —

Gezafito 1.5 —_— 3 100 —_— —_

Pavimento 2.5 — 2% 10-8 — —_

Silice 1.75 0.002 — 1.2 % 108 —_
Concreto 24(x) 0.0025 7 1~ —_ 2 X 10%
VYidrio

Plancha 2.5 0.0018 3% 108 10t —

Borosilicato 2.4 0.0025 1.5 x 107" — 10 X 107

Sitica 2.2 0.003 0.3 x 10~% e ! 10 X 10"
Vycor 3.2 0.003 0.35 X 10-° — } —_—

Lana 0.05 0.0006 - — ] —

Grafito (bulk) 1.9 e 3 x 1g=0 10-3 . 13108

Mg0 3.6 —_ ! 3 - 104 {2000°F) ' 30 X {0° ;
Cuarzo (SiO,) | 265 0.03 | Fx 10 — I a5 % e

sic <X b 0.029 { S353%x3w¢ | 2.5 (2000°F) —
TiC 4.3 } 0.07 ; 1X 1078 ) 50X 1078 50 X 10%
ParTz 3 —— MATERIALES 0aGANICDS (Tomades de numsresos meﬁcs).'-—

! Conductividad _ - . L L. . ;

! ' térmica en Lxpansion Jesisuvidad Médulo de !

) Gravedad calom térmica en eldciTica en elasdeidad !

Material especifica : ple/plg/*C ohm-em ; promedio, !

i 'C';gfgez a00°Ct | aan°c: i 1b/plg# a 20°C ;

' a . : ! : .

Melamina-formaldehido ! i.3 ‘ 0.0007 ' 13 % 1078 10! i 1.3 % 10" i

Fenol-formaldehido 1.3 0.0004 f 40 X 10-° 1082 i 0.5 X 108 ;

Urea-formaldehide 1.5 0.0007 i 13 X 108 _ 1012 | 1.5 108

Hules (sintédiicos) 1.5 0.0003 ' — —_— ! 500-10,000 l
Hule ¢vulcanizado) 1.2 0.0003 : 45 % 104 104 0.5 % 10¢

Poliedleno ! 0.9 0.0005 T100 X 196 10'3 —

®oliessirenc 1.05 £.0002 83 x 107" 10'$ i 0.4x 108

Elorure de polivinilideno 19 0.0003 . 103 x 10°¢ 10'? f 0.05 x 10% |

Polltetrafluorcetileno 2.2 0.0003 f 35 < 16-* 1017 : _— ]

#etacrilato de polimetilo 12 ; 0.0003 . 50 x10-¢ 1018 | 0.5 X 10¢ '
fylon SRS S TR 0.6006 ¢ 33x 0t 1ot ' 04 x 10

J [ i ! j

tiplicar por 0.506 pata tener Biu.plg/ 'Frpict.seg. 1 Muldplicar por | 8 para tener con/em/*C. I Dividir ente 2.34 para tener ohm-ply



TABLA 410-8 Designaclones de grado de endurecimlante para aleoclones de cobre

Hxx—trabajada en frio. (xx indica ¢l grado de trabajo «n [riv.}

Reduccidn porcencual en

espesor o didmctro

HO! } dura
HO02 §} dura
H03 1 dura
HO4¢ dura

HO6 extradura

HO8 de resone duro
H10 de resorte extra
Hi2 de resorte especial
Hi14 de superresortie

10.9
20.7
29.4
37.1
50.1
60.3
68.6
75.1
8043

Muxx—tal como s¢ manufactura. (xx se reficre al tipe de proceso de fabricacion.)

QOxx—recocida. (xx designa el método de recocido.)

O3Sxxx—rccocida para producic un tamafio particular de grano. (xxx s¢ refiere al didmerro dil
grano en 107 mnr. Por tante, OS025 sefalaria un didmetre de grano de 0.025 mm.}

TBOU—tratada por sclucidn.
TF0Q—cndurecida por envejecimicnto.

TQxx—templada y revenida. {xx da deralles del tratamivan 1érmico.)

TABLA 10-9 cComposiciones, promedacdes ¥ apiicociones de algunas cleaciones de niguel y coballo

Retlitencta Esfuerze Je
a fa trnsrdn Huencia Elengacidn
Materral (ps1) ¢pt) (%) Aplicaciones
Ni pura (99.9% Ni)
Recocido 30,000 16,000 45 Resistencia a ja
Trabajado ¢n frio 935 000 .00 4 carrosién
Monel 400 T8.000 39,000 37 Vilvulas, bombas
(Ni-31.5% Cuw) cambiadores de
Superaleaciones de Ni calor
astelloy B-2 130,000 80,000 A1 Resistencia ala
(N1-28% Mo) corrosidn
MAR-M246 140,004 125,000 3 Motores de reaceién
{(Ni-10% Co-9% Cr-10% W + Ti, Al, Ta)
DS-Ni 71.000 48.000 14 Turbinas de gas
(Ni-2% ThO.)
Superalcaciones de Fe-Ni
Incoloy 800 #9.000 41.000 37 Ca:nbiadures de calor
(Ni-465% Fe-21% Cr)
Superalcaciones de Co
Haynes 25 145.000 65.000 60 Motores de reaccidn
{50% Co-20% Cr-15% W.10% Ni}
Lsiclitz 6B 77.000 1gt.am 4 Remistencia al desgasnte

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

gor abrasion

Datos che Meads Fleanboad, Vel 1, i, edd | Ajnnrwoan Beaiay be Noah 10#0



TABLA 104  Electo de los maecanismos de endurecimlento en al aluminlo y en las aleaclones
da aluminio ) ' ! o )
Resistarcia Esfucrea ' . ..
ST -a la tention drj{umc:h Elongaridn Esfusrzo de fluencia (aleacidn)
Material (psi) (psi) (%) i Esfuerza de fluencia (puro)
Aluminio puro recocido 6,500 2,500 60
{99.999% A))
Aluminio purg comercial 13,000 5,000 45 . 2.0
(recocido, 9950 Al L
Endurecide por solucidn . 16,000 6,000 LES 2.4
sélida
(1.2% Mn) i
Aluminio pure trubajade 24,000 22,000 15 8.8
en frio un 75% .
Endurccido por dispersida 42,000 29,000 35 8.8
(5% Mg)
Endurecido por .
envejecimicn(o 83,000 73.000 it 95.8

(5.6% 2Zn-2.5% My)

Dates moditicados de Metaly Hendbusk, V'l 2, 94, ed., Amurican Suicty fine Metaly, 1979,

TABLA 40-7 Propiedades de aleagiones lipicas ¢de cotre ootenigas per Ciferentes meccnismos ce
endurecimienfo
Destgnacion dr Retistencia Estteerzo dv &ignea-
prodo de a fa tensian Suencia ciin Mecanismy de
Material endurecimicnto (p12) (psi) {5%) mdurecimiento
Colire pure, recocido 10,300 1.300 60
Cobire comercialmente pura. Q5050 32,000 10,000 55
recocido para engrosar
el tamafio de granu
Cobre comrroialmentc purn, 050235 34,000 11,000 s D3 Tamaiio de
recocido paca alinar grann
¢l tamafio de grann
Cobre comervialmenie puin, HIO . 37.000 33,000 4 Lndurecimientv por
trabajada ca fria deformacidn
Cu-353% Zn recocido 05030 47,000 15.000 62
Cu-'.fo‘.-?- Ni tal coma s¢ fabrica M20 33,000 20.000 43 Suiucian solida
Cu-10% Sn recovido C35035 66.000 28.000 68
Cu-35% Zn trabajado en frio HIO 98,000 63,000 3 Soluctdn
olida +
Cu-30% Ni trabajado en [ric H80 84,000 79.000 3 Endurecimiento por
deformacion
Cu-2% Be endurecido por TFOO 190,000 175,000 4 Endurccimicnio por
cnvejecimicnio envejecimiento
Cu-Al tamnplade y revenido TQs0 110,000 50.000 5 Ruieeidn
inartensitica
Manganeso bronee fundido F 71.000 28,000 20 Rraccidén curectoide

Dater the Srwds Headdwd, Vi, 2 43 0l | Arnctwan Sonowcty lor Nataos, [M79,




TABLA 10-2 Sistema de deasignacldn para las afeaclones de aluminlo

Alcaciones para forja N
1xxx Alum. comercialmente puro (>93% Al)  Nu envejecido

2xxx  Al-Cu Endurecible por envejecimicnio
Ixxx Al-Mo | Ne envejecido
4xxx  AlLSi y Al-Mg-Si Endurecible por envejecimienio
si hay magnesio presente

Sxxx  Al-Mg No envejecido
Exxx Al-Mg-Si ' Endurecible por envejecimicnto
7xxx  Al-Mg-Zn Endurecible par envejecimicnto
Aleaciones fundidas '
Ixex Alum. cotnercialmente oo No envejecido
2xx.x Al-Cu Endurecible por envejerimicnto
3xx.x  Al-5i-Cu 6 Al-Mg-Si Algunas son endurccibles por

‘ ) cnvejecimients
dxx.x  Al-Si Mo envujecido
Sxx.x  Al-Mg No envejecido
7xx.x  Al-NMu-Zn Endurccible por envejecimicnto
8xx.x  Al-Sn Endurceible por envejecimicnin

TABLA 10-3  Propiedodes de algunas cleaciones de aluminio

Hestrtencia E:_fhrr:u e

a {o trnsion Mueacia Eluncacion
[ T £a1) (osi; (%) Comezzarias
Aleacioncs para forja no tratabics
térmicamente
1100-0 >99% Al 13.000 3.000 40 Compunentes eléctricos, hajas
f10u-HI18 24.000 22,000 1y metdlicas finas (pupel™’),
3003-0O 1.9¢% Mn 16.001) 6.000 35 resistencia a la corresidn.
2003.-H18 29,000 27.000 7 Latas para bebidas, aplivaciones
4043.0 5.2 Si 21,000 10.000 22 arquitectdnicas,
3036.-0 5t Mg 42,000 42 000 35 Moeral de relleno en soldadura,
5056-H18 60,000 30.000 15 recipicntes, contponentes
Aleaciones para forja tratables marngs:
térmicamente
2024-0 4.4% Cu 27.000 11.000 20
Y024-TY 68,000 47,000 7 20
4(182-T6 12F Si-1% Mg 53.000 15.000 9 Transportes, acrondutica,
6061-T6 198 Mg-0.6% Si _ 430060 40.000 i3 astrondutica ¥ otras
T075-T6 5.6% Ln-2.5% My 83.000 73.000 11 aplicaciones de alea resistencia.
Alcacioncs para fundicidn
293-TH 4.5% Cu-0.4% Si 35,000 24,000 5 Arcaa
319-F 6% S5i-3.5% Cu 27.000 13.000 2 Aicna
34,000 19.000 25 Muobkle permanente
356-T6 7% Si-0.3% Mg 33,0600 24,000 3.5 Arena
33,000 27.000 5 Molde pernnianente
330.F 8.353% 5i-3.5% Cu 46.N00 23 000 2.5  Molde permanenie
390.F 17% 5i-4.53F Cu-0.6% My 41,000 35.000 ] Coquilia
443-F 5.2% Si 19.¢00 8,000 8 Arcna
23.000 9.000 10 Molde permanence
33.000 16,000 9 Cuquilla
71873 75% Zn-0.7% Cu-0.33% My 30,000 22,000 4 Arvny

Daten mexdificadom the Alrtaly Hemdbowd, Vil 2. Y3, od . Amcrivan Sociay for Metals, 1979,




TABLA 40-10 Propledades de olgunaos aleaclonas de fllonlo

Plata (sterlng)

Resistonesa Esfierzo de !
T e fa tensicn Sluemcia Elongacion
Aaterial (psi) (psi) (%)
Titanio comercialmente puro -
99.5% Ti 35,000 25,000 24
99.0% Ti 80,000 70,000 5
Aleaciones Ti slfh
5% Al-2.5% Sn 125,000 113,000 15
Alcaciones Ti beta .
13% V-11% Cr-3% Al 187,000 176,000 5
Aleaciones Ti casi alfa
BZ Al-1% Mo-1% V 140,000 120,000 I4
6% Al-4% Zr-2% S$n-2% Mo 146,000 144,000 b}
Alcacioncs Ti allarbeta
8% Mn 140,000 125,000 15
6% Al-45% V 150,000 140,000 8.
Datus de Metals Handboud, Val 3, 4. e, Anwerican Sem i;-|’ for Metals, 194U, T o T
TASLA 40-14  Propiedades de melales relraciarios ‘
Termperainea aenhiente T = 1000°C
Femprratura Resivteneia Esfreer s dde Reoivrencg Efuerzn odr
de finivn Desvirued a la lension fIuenera Pt o a n tenciin fuenct
Metul (*C) (zhmy (3] (r1r2) i) (5ai) (2af)
No 2470 3.58 121267 20.000 5 17.000 3o
Mo 2500 o AT 3G.ot 13 20000 30,606
e 2e08 e 0 50.60¢ 33.000 a3 27000 24.0C0
A% KER] P 300,000 220,000 ; 8,000 13,000
PARTE 1~—-M}:TAL£: (Tomados de medios numerosos)
| 1 i
i |
| ' Conduct.ivtdad = Expansién |  «~Reslstividad Modulo de l
i térmica | i
- “ i Densi calem térmica .! cléetrica en clasticidad :
Materia l *nsidad - - ple/plg/°F ohm'.cm promedlio,
| C'C'm-'S?g. a 20 CT : a 20 C: lb/p!z’ a 20'0
! a 20°C | !
> —_— — 1 = — T
Aluminio (99.9—} } 27 0.53 125X 10°% | 2.9 X 107 ‘ 10 x 108 |
Aleaciones Al ! 2.7(+) 0.4(x) i 12X 108 : 5 X 107%(+) 10 X 10° |
Latén (70Cu-30Zn) i 83 ' 0.3 11 X 10~ : | 6.2 X 10:2 ‘ 16 X 10: ;
Cobre (99.9+) .89 f 0.95 9x 108 | 1.7 X 1078 : 16 X 105 |
! & _ - -8 ; 0 4
Hlerro (99.9+) | T | o §38 W2 ¢ ATHL | i l
Plomo (594 ) ITE S 0.08 16 X 10=6 l 20.65 X 10 6 l ax 10u l
I L7 03 14X 10=8 ;45X 107 I 8axX100
sgnesio (994 ) | 17 g g% 10-6 { 432X 107 oasxes
Monel (7TONI-30Cu) I 38 ‘ e -5 | 11 % 10°% 1
i 10.4 i 1.0 10 % 10-¢ | 1.8 X 10 !



PROPIEDADES MECANICAS DE LOS METALES

. TABLA B.1,
. NO FERROSOS *
Mdduls .
Raiteacts | puteects | dasticr- | Dosgaetge | N & Yen,
Metal slaembactal, 4 partie] adm | o 3 ople et b/ples
3 por taaxtén | gy i tenntda, porceatale s
/ptgtt 10% 13 /pl3? P Drizall -
L) 1

Cotre, 0.23 ply oo

Peoocidos groo & 0.05 m 10 000 32 000 10§ 45 47 n.320
L T 45 000 0 000 10 12 105 0.320
Niqeel; .

Bolzds o0 cillcote......... 2% 000 75 020 30 13 10 0.310

Rdufs dero..... renes 120 00Q 140 00O 30 2 0.1y
Clae:

Varisdd ..o iiiieniiea T 4 000 11 ] - 0.260

Linine rolads dora ........ 000 24 000 12 35 5 0. 20
Alcateio

Nachado em arem, 1100.F, . & 000 11 000 ] 22 i 0,097

Uimizs  recoxida, 1 100-0 3 000 13 000 10 245 a 0.7
. Lislas dzmx, 1100-RI8..... 21 000 24 000 10 5 44 Q.007
Magneion

f i 7107 RS G e ] 13 0cO 6 L 30 0.0

Ertmids ., ,....... 1 200 28 000 O ] E R L RGTA

Loldy ........ 3 oca 25 000 6 4 40 0.06%

TAELA B.2.

PRAOPIEDADES MEICANICAS DE LAS

ALEACIONMES PESADAS NO FERRCSAS *

Aleacidn

Laién parz corte libre:
Recocido
Ve duro 15% de reduccién
Medio duro, 25% de reduccién
Lidn con alto contenido de plomo
(0.04 plg de grueso):
Recocido. grano de 0050 mm
Exiraduro
Latén -rojo (0.04 pig de grueso):
Recocido, grano de
de grueso extra duro
Bronce a! aluminio:
Yaclado en arena
Extruido
Cobre al berilio:
A (solucidn recocida)
H.T. endurecido
Bronce 21 manganeso (A):

Recocido, sugve. duro 15% de
reduccién

Bronee al fésforo, 5% (A):
Recocido, grano da
Extraduro, grano de 0015 mm

Cugronjquel 30% :
ecocldo a 1 400°F. Laminado
en frio, 50% de reduccién

- — - — —

|

}

0.07¢ mm}.

}

|

}

0.035 mm 'Cobr- 95: estano §

[ .

i Cobre 85; cinec 18~

;

Composicidn
aproximada,
porceniajes

Cobhtre 61.5; cinc
35.5; plomo 3

Cobre 65; c¢inc 33;
Plomo 2

Cobre 89: aluminjo
8: hiermo 3

Cobre 97.9: berillo
1.9; niquel 0.2

Cobre 58.5; cinc 39;

hieric 1.4; estafio
1; mangancso 0.1

Cobre 70; niquel 30

. Médul - .
Eéiezlﬁelg Resls. lge elas?i- Porci;-:a Resis- bl
tencia idad | @ @ tencia | o de | Peso,
cedencia €1 v
por ten- ala por ten- elonga- al %{.reza Ib/plgs
sién, t tensidn|sidn, 109) cién en |  corte, “’::_‘l'
Ib/pig3 Ib/plg* | 1b/pig? 2 plg ib/plat? ’
15 000 49 (X% 12 53 a0 ono | FoR 0.30
45 1w 56 00 |} 20 33 ) Ro2 ¢.30
52 ol G5 (Kl 14 1H a8 vun) Biaa 0.30
[ 15 00N 47 ONNe 12 55 3o Fao 0.30
62 (k) 83 tHN) 15 3 45 () Dy7 0.30
[ 10 0 a9 (nNo 12 3" I o Foo 0.31
61 0o 73 Ot 135 +4 44 oy 1358 .31
{ 2% 0 75 non . L 17 Y I . .30
A7 S0 82 (K | 2B ... - 0.0
{ ....... P70 Mo = 18 335 vy | Benx | n.32
130 000 2 oy Is R Cs2 0.32
A0 O uS N0 K] a3 42 000 ne6s 0.37
60 000 N2 13 43 47 0Co | By 0.30
{ 23 (rH) 30 i 37 B3 .52
Ul ) LERR S 17 S | cemowes s JERER .52
{ 20 (HH) 535 non 27 45 | ...... Bu7 n.32
71 00 HS U a2 15 | ...... Bs1 n.32




TABLA 40-44 Compoilclones y propledades de algufios oceros Inoxidablas

’ Resistemeia Esfurrze de
] i g a la lrusion Sluencia Elungacidn
' Acare % C % Cr & M Ctrox (psi) (p:f) (%)
Austenftivo .
201 6.15 16—-18 3.5-55 55-7.3% Mn 95,000 45.000 40
304 Q.08 18-20 8.0-10.5 75,000 %0.000 30
304L 0.03 18-20 8-12 75,000 30,000 30
821 0.08 17-19 9-12 Ti(d x % C) 85,000 35,000 55
347 0.08 17-19 9-13 Nb {10 x &% ) 90,000 . 35,000 50
Ferrlico )
430 16—-18 65,060, 30,000 22
442 1823 75.G00 40,000 20
Martensftico
4116 C.13 12-14 0.60F Mo 180,000 140.000 18
431 0.20 15-17 1.25-2.30 200,000 130.000 15
440C 0.95-1. 16—18 0.75% Mo 285.000 273,000 2
Endurecimicnio por
precipitacién
17-4 .07 16-14 3-3 0.13-045% Nb 190,000 170,000 10
17-7 (.69 16-18 6.5-7.8 0.75~-1.25% Al 240,000 230,000 6

Modiligale 2 panir de Veafs Haedbal, Wolo b, 92, el | Aneersan Sea s e Megals, 11231

TABLA 10:45 Propledcdes represanialivas de fundicionas fiplcos

Resistencia Erfuerzo de
a la tensicn Suencia %
Clasificacion (pii) (pii) A
Clasc 20, flundicidn gris 12,000-40,000 <] CE 7 4.2%
Clase 40, fundicidn gris 8,000-34.000 - <] - CE < 4.0%
[ ¥
15018, fundicidn mulenble 33,000 33,000 18  Ferrita
20001, Tundicion maleable 103,000 90.000 1 Martensita revenida
60.40-18, fundicidn dictil 50,000 40.000 18 Ferria
120-90-02, lundicion ductil 190,000 90.000 2  MNlartensita revenida
Fundicidn de¢ grafito grado B 50,000 410.000 1 Ferrita + perlina

compactada




\TAE;LA A. 2. PROPIEDADES MECANICAS DEL HIERRO Y DEL ACERO*

Realstencin al é<ula
Hi:’h:f:fﬁln‘ Reslstencla corte por baforiaiiy Limite
Kips/pigs ala tarslén, 10" lb/sp! Porclente | Mdmero Medule de da
¢edencla Kips/plx? de cloo- -da duracidn,
Material S por | grcién en§ dureza | ttnaeidad | Tnonn
1 Reals, compresidat ] Rt e g plg da 1b-plg/plg' | invertd
! “ata | Uld. | kips/plgt | Resla [y - Brinell Xps/p
! als Tensién | Corte
i ceden- 1 ma cedenciay | ™8 E
i Cla L :
P Y Bl 4t e ————— e AT s A - e — — - g Upee i — ey i :
Fundicldn grs ...ccvvvrans e 20 35 e - ar 15 (1] t 130 80 11
Fundiclén blanca .... GO 100 60 20 L % 400
Fundiclén al riquel, 1.5% de : '
QUB! . s SR B - o i 20 8 1 ¥ 00 :
JHlarro maleable aaaecnsissasass 3 S0 a 10 43 25 10 14 120, ... : 0
Hictro en lingotas, recoclda, 0.020% ' !
de cathono ..., ....cvmaneraens 20 42 21 | T | ¢ o) 12 1% t 1 T [N i 6
Hicrro forfado, 0,109 de carbono.! Jo o} 30 18 !oas a7 } l 30 100 t4 coo 23
Acero, 007 de carboue: i i H : '
Rolado en caliente ......- P : 001 6D 40 24 43 30 I 12 33 !0 G 00 )
Rolado en frio ...... S e e 80 60 16 s o, 12 13 163 12 000 | 40
Fundictones recoclday ,..,,.....3 33 1 ¢o 35 21 43 3 1 n us 130 .
Acero, 0.40%% de carbena: 1 ! H ! i
Rolrdo en callent? .......cocunn A 47 23 i e, o 23 135 [
Tratamlento térmlco para gramo 5 ‘ H o :
fine ...ii.innen e . e g 60 w0 0 st 73 10 . B ! 25 : 190 Il
Fundiciones recocldas .......... 3 65 33 21 A5 =7 I b 13 130 ¢
cerv, 0.60%, de cacbono: : !
Rotzdo en eallcote ,...........° 63 . 100 63 37 30 3o 13 13 200 12 2¢a | 50
Cun tratamiznto érmico pare gra- i . ' .
NG NG e o e I ; 3 120 78 37 100 30 S 13 2335 15 000 . 33
Acero, 0.809%% de ecarbenos ' ;
Rolada en cealicate ,....... ceeey 7 120 33 3 | 105 30 10 i A
Apagado en acelis, oo lamlnnde .. 125 150 ! 123 a0 is0 30 12 3 Lo - H
\eeto J.OU% de carbono: l . : . . :
Rolsdo en callenie o.ovvvunnn. .. } £ 125 3 WL 11s 19 £y & o P HEE) B 3
Apagade en aceile. no laminade .- v L:% e P45 ii i85 ] v i D S b il
ceto al nfguel, 3.3 de rniguel, "
0.40% de curcope. mimima dessIa . ; 1 i :
para maquinabilidad ....... I Hh Ty 1) H a0 | 10 LTI 2 b330 ’ R I i3
- 1 i ' 1 :
icero al -lucgmc):;x:gcm.v 1355 f | : : . | ; |
de 1llleln, 0.707 t Mnp, tem-: : : | \ . & [ < r " -
lado para reseries L........ 130 174 136 ; 3 1S 30 11z 1 a0 l 2 052
il ool NRNGOE ViGat BUTAOUNE SR Mgt S (e ol SRSV SR |
Nota: L3 mayoria de los aceros dependen tante del traiamlente tirmico como de su composiclén para desarmollar propicdades mecdnicas pa:

alares.

TABLA A2, REQUERIMIENTOS PARA FUNDICIONES,DE HIERRO GRIS *

' ECar,;a de ruptura por flexién el centro, minima, lbras
Clase Resistencia
No. 2 Iz tensién 0.875 gplg de 1.2 plg de 2.0 plg de
lo/pig? diim, claro diim, claro diim, claro
de 12 plg de 18 pig de 24 plg
a0 20 0G0 900 1 800 € 000
25 25 0G0 1025 2 000 € 8CQ
30 30 ¢0Q 1130 2 200 7 600
25 35 C00 1275 2 400 8 300
40 40 000 1 40 2 600 9 100
30 50 COQ i1 875 3 000 10 300
60 €0 00Q 1923 ' 3 400 12 5¢0

* BEasado eo ASTM A 48,
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Dimensions
Standard Specimens Sutsize Specimen
Pate-Type, 1'%A-n, Wide Sheet-Type, Va-in. Wide Vadn. Wice
in. in. in.
G~—Gage length (Notes 1 ang 2) 8.00 = 0.01 2.000 = 0.005 1.000 = 0.003
W-—Width (Notes 3 and 4) 14+ Ve, - 0.500 = 0.010 0.250 = 0.005
T—Thickness (Note 5) tuckness of matenal
R—~Radius of fillet, min (Note 6) . 1 A Y
L—Over-atl length, min {Notes 2 and 7) 18 8 ’ 4
A—Length of reduced section, min 5 2V 1% "
B—Length of grip section, min [Note 8, 3 2 1
C—Width of grip secton, approximate {Notes 4 and 9) 2 ¥a Ya

NOTe 1—For the 1V24n. wide speamen. punch marks lor measunng elongation after fracture shal be made on the fat of on the edge o! the speamen and within the
€ punch marks 1 in. apart. or one or more pars of punch marks B in. anart may be used,

NoTe 2—When elongation measurements of 1%2<n. wide specmens are not required, a minimum length of reduced section (A) of 2% in. may be used with all othe

dimensions similar to those of the plate-type specimen,

NOTE 3-—For the three sizes of specimens. the ends of the reduced secton shall not difler in width by more than 0.004. 0 002 or 0.001 .. respecuvely Also. there may
be a gracual decrease in width from the ends o the center but the width at each end shall not be more than 0.015, C.0CE. or 0.003 in., respasuvely, larger than the wias
at the center.

NOTE ¢-—For each of the three sizes of soeamens, namower widihs (W and C} may be used when necessary. In such cases the width of the reduted secuon shouls
be 25 large 25 the width of the maienal being tesied permets; however, unless slated soe< fically, the requrements for elongation in a procuc: specmzaton shall pot azoy
WNen these narrower specimens are used, »

NoTe S—Trje dimensidn ¥is the thickness of the test sbeamen 23 provioes 107 in the aoplicable malenal soecmizanons. Minimum thickness of 12in. wioe specimes
shall be %+¢ in. Masximum imckness of Va-in. 2no Va-in. wade specimens sheh be 2. in. and Yain,, respectively,

NoTE 6—F0- the 1240, wide soeamen. 2 Ymin, Mimmum racris 27 172 encs of the reauced sectan i pammes for seal speomens wides 132 000 oo lensgs

TEN0IN wien 2 orofie cutier ¢ vsea 1o maohing the reguzag ces

NoTE T—Te 212 n oDiaming axa iS22y cunng TeSUNZ &1 Lean, wos soestmens, e over-alh lengin snoulc pe as large as e matena! wah a2, us 1o BLOG 1.

Note E—jt 15 0esiranie, of possin s 15 make he lenot o tne £73 522000 large enpugn to allow the speamen 1o extend nto the on2s 2 qisiance ezual e twe thits o
me of e length of the gnps. Il the tickness of iR wide spelimens is over Ye in., longer gnps and CoTesponongly longer cp seTLONE Of tre sDeciMen may o
hecessary 10 prevent failure in the oD secvon,

NOTE @—For the (hres sizes of specimens, the encs of the specimen shall be symmetrical in widih with the center Tine of the reduced secuon witne: C.10, 0.05 ax
0005in.. respectively. However, for referes festing and when required by product speafications, 1he encs of the —in, wide specmen shall be symmeincal within 0 01 n

NOTE 10—Specimens with sides parallel througnout their length are permutied. except for releree tesiing, provided: (a) the above tolerances are used: (5) an agezuaz
number of marks are provided for determination of elongation; ang (c) when yrld sirength 1s Selenmined. 2 sunianle extensorneler is used. I the fracture oocurs ate
distance of less than 2W from the ecge of the gripping device. the tensie propertes determmuned may not b2 representative of the malenal In accepiance testng, f te
Properties meet the minimum requirements spectfied, no further testing is required, but i they are Jess than e mMunumum requirements, discasq the test and relest

FIG. 1 Rectangular Tension Test Specimiens

Wedge Grps Uooer Heog of

Testing Machine

-"‘~Lir:us-‘rnickneu Varied
Accard ng 1o Specrmen Thieh -
ness 1o Keep Wedge Grips
Fiol Specimen— from Prelruding Above of
Be ow Heod of Teshing
KMachine

FIG. 2 Wedge Grips with Liners for Flat Specimens
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Dimenswons

Standard Speamen Smai-Size Speamens Proporuonal to Standard
in. in. in. . in.
“omunal Diameter L L. e . 0,500 0.250 0250 0.160 0.113
a—Gage length 2.000 = 0.0C5 1400 = 0.005 1.000 = 0.0C5 0.640 = 0.005 0.450 = 0.005
o=hameter (Note 1) 0.500 = 0.01C o 0.350 = 0.007 0.250 = 0.005 0.160 = 0.002 0.113 = 0.002
S—Radws of fftel, mn ¥, Va LV say 2y,
<—tLengih of reduced section, mun (Nole 2) 2% 1Y, 1 Va Yy LY

Noie 1—The reduced section may have a gradual taper from the encs loward the center, with the ends nol more than 1 % larger in diameter than the center (controling

srmension), z
xare 2—I1 desired. the length of the reduced secton may be irncreased to accommodale an extensometer ol any converient gage length. Reference marks for the
~gasurement of etongation should, nevertheless, be spaced ai the indicated gage length.
%c1é 3—The gage length and filieis .may be as shown, but the ends may be of any form 1o fit the holders of the iesting rmachine in such a way that the lcad shafl be
12t ises Fig. 9] If the ends are to be held in wedge grps il is desicable, if possible, 10 make the length of the gnp section great enough to allow the spetimen to extend

=12 the gnps 3 dislance equal to two thirds or more of the length of the gnps.
Note 4—On the round specimens in Figs, 8 and 9, the gage lengths afe equal to four tmes the nominal diamaeter. In some pfoduct specifications other speamens may
= prowded for, but unless the 4-1o-1 raue is mantamnmed within dimensional tolerances, the elongation values may not be comparanle with those oblasned from the sandard

‘24l SpECGIMeEn.
4oTe S5.~The use of specrmens smaller than 0.250-in. diameter shall be restncted 10 cases when the Matena' 12 be tested is of insufficent s:ze 1o o99tan large-

c=aceens or when all pares agree o ther use for acceptance lesung, Similar spes.mens reguire syitable egu:ome=: angd Srealer skt in Dotk macziinag gnc ies)
2=t &—Five sizas of spec:mens clien usad have diarmeters of acoroxsmatery 0.505. 0.237, 0.222, 0.160. anz € 212 «n. ne rezsndn Deng 1 Dermut @25V G2
A mame

<5 from 19205, sInce the COTRSDONCINS Sr055-sechional areps are enuat or ¢ose 10 0.200, 0.100, 0.0500. Z.C220 anz C.C

72 N2 S MmN =t

-

ir.. mouns Tension Test Soecimen witn L-in. 3age Lensin an0 Sxamoies of Small-Size Specimens Proscrionz!l i

- a0 A
P Signoarz S.300ew. moun

tne Siznsard Soecimen

| P . Y e S )
—_——— ——————— b -
b T 5 ¢ § D — —r— -
—_— T e —— e
' ¥ R Note £ T YT R
weemor e wolme — L
EoBe e g § o f i e ey i
e — P
FA, K P—— A o OF 5 o gl s s ot NI b 1
i LA s S e N N
— G —R ! — — 5
Note 2 ]
L =
"~ =B 4 8= ]
PR I — o — -E— £
e ff 2, R )
Cimensions
Specmen 1 Speamen 2 Specamen 3 Spewmen 4 Specmen §
n, . . in. in,
G—Tage lengih 2.000 = 0.005 2000 = 00CS5 2.000 = 0.005 2 000 = 0.005 2.000 = 0 05
2= ameter (Note 1) 0.500 = 0,000 0.500 =0 010 0.500 = 0.010 0.500 = 0.010 0.500 = 0 010
A—~Fjcus of Hltet, mun Wy VY Ve £ 1
datengin ol reduced section 2'/a, min 2V, min 4, approxmately 2'/s. muin 2V, mun
L~0vei-3l length, approximate 5 S a 5'a 4V =y
Z—Lengih of end section (Note 3) 134, approximately 1. approximately ¥a_ approximatety V2, approxmatety J. mn
C—~Dameter of end section ¥ ¥Ye 134y /s a
E--tengin of showdder anag filel . Y - Ya o]
secti, Approximate
F—Dameter of shoulder - Y - Y g

4cte 1-~The reduced secton may have a gracual laper from the encs toward the canter wth the encs not more than 0 005 L larger n G.ameler tan the center,
ticte 2--0n Specmens 1 and 2. any slandard yvead 15 pemussible that provdes for proper alignmert and ards ¢ assurmg that the specmen wid break widwn the

s ced yecton.
M5t 3—Dn Speomen 5 1t is desimable, d possitile, [0 maxe the length of the grp seclon greal enough 1o a.’imv the soemen 10 eX'end rilo the ¢G0S a Cistance e al

172140 Ineds o more of the length ¢! the gnps.

FiG. 9 Various Types of Ends for Standard Round Tension Test Specimens
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Dunensions
- Specmen 1 Speamen 2 Speamen 3 Specimen 4 Speamen § Speamen § Specimen 7
in, in, . in. in, ", n,

.—::u;t lengtn 2.000 = 0.005 2.000 = 0.005 8.00 = 0.01 2.000 = 0.005 4000 = 0003 2.000 = 0.005 £.000 = 0.005
4 =-vcin (Note 1) 0.500 = 0.010 A 4 Y, — 12 + Ya, =¥ 0.750 = 0.0 0.750 = 0.031 1.000 = 0.062 1.000 = 0.062
t.Trizkness mezsurea thickness o! specmen
Z-Rarus of Nilet. min 2 1 1 1 1 1
:~-2ntin of reguced 2% 2t 9 2% 4% by 21

sectan. min
' 22830 Qf gnp sec- 3 3 3 3 3 3 3

won. min (Note 2)
«&min of grip sec- e 2 2 1 1 1Y 1%

MO0, AJProxumatle -

Note 3)
2t t—TThe engs of the requced sacnon shall differ i width by net more than 0.002 in. lor specimen 5, ang 4. ane nol moare than 0.005 n. lor specimens 2. 3. 5, 6.

Taera may be a gradual taper in width from the encs 1o the center, but the width at each end shall be ndt moare than 0.005 in. greater tnan tng widih at \ne center

-, 2GR 1BNCth spewmens. ot more than 0.008 in. greaier (nar e wigdln at the center tor 4«0, gage lencinh soecimens, ang nol Mare than 0.0151n. Sreater than the
. u~ 2l 1ne ceater lor B-in, gage length soecmens,

2t 2—It s gesirable. f possiDie. 10 Make the length of the ¢=c sect
- =s-p of he lengtn of the cnss.

r
D0 Greal enough Lo allow the specimen Lo exiang nio the 2ncs a disianze egual 10 Iwo thirgs

-_-The en2s Of the specimen shall Se symmetngal wath e center kne of the feduced secuen vathin €23 o 107 scemmane 4, 4. anc 5.

anzt 0% lor soecmens

Tor cirouldr secments, the Cross-seclonal area mav D2 carciiales DV MukIShing B 2=g 7.1 the 12tz 07 ina 2rmersinn iy 40
SRR 3230 e, NS RIroT usIng 1TUS Menod 1o CaltusiE the IR Dnigs IBE Mav DE 2DDT85IEDE aN2 i hEv M Tes "z £ 02
=g iNe 2re2,

T I—3racvmene vt G-V eSS In2n £ shows Nl Da usec ot
i f—IIeoimens wmn si1gets parakel 1‘1rcr_:“'10u' e "‘."\;:‘! 252 DeSnIer
S METYS 2 e ZIDvieC 100 oeigrimnaian o EI.,'L_-_ =Tl 27T L2 WD w 5 1

of 1255 than 2W trom e e358 0! the ONoosAZ O2viZe, NS 18N%ne Drooeies o=-e'Tnnn
‘eturements specilied, ne lusher tesing 1S required. Duty

TRV NS L PEINISSNIEINEG TUOINE MmEisnal toinz DTIIiTies Medt iha

© they arg less (RE5 ne minmimuT) FeCuIrernents, CisZarc ine 1esi anc retest.

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

[ N - :
3 =i = _';'*:_"' 8 — 1
i+ s e
T 1M .
A __ S e B
] LI 1 [ w_o,°
=G
i
d /
R
Dimensions
Speqmen 1 Speomen 2 Spes.men 2
in, in. in.

G —Length of paralel secton

Shall be equal 10 ¢f greater than grameter D
D—~—0 ameter

0.500 = 0010 0730 =005 125 =0.02
iG, 14  Location of Transverse Tension Test Specimen in Ring A=Radias olfleL mn v u 2
Cut from Tubular Products A—l'_‘::gm olasaussciseston. ¥ Vi v
L—Over-all length, min 33 &%
B—iength of end secuen. 1 1 1%a
aporoximale
C—D0 ametec ot end secuon, Ve 1Y 1A
approxvmate
E—Length of shoukler. mn e “fa Sy
F—Dameter ol Shouicer Wy > Vaa e = Ve Ve = Vas

Nore—The reduced SetLON s sHcuiders (dmersions A D EL F G, and A)
sha be as shown, but tSe ends may be of aay form (o fit the boiders of the 1estng

mach ne m sLCh a way that "he kcad can be axal. Commonty the encs are threaded
arwd have the dunensions 8 and C g ven above.

F G, 15 Standard Tens'cn Tes! Specimen for Cast lron
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A—Length of reduced secton 2z
L—Over-a length 7
8—iength of end seciion £
C—Diameter of end section »
E—lLength of * et Vis

FiG. 17 Standard Tension Test Specimen for Malleatle lron
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Nditicney st alid Jrtaru anuvyd
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C | A| D [15-Njso-Njas-N| HV | HK | HB| G [KS[|wnn
o « ol w d-.g = =l e
Lol oe|2eloi|oslos|se|Ss|2ele? | 8l 2
o xa o':j- x5 [=m | *a 2; a|leE g!g ST §
vSles[e5 vz oz ez |52 |8 2|8SI8S |28 8
=l =]l_]=|=5]|= - &
elels|2|218] . -1 2|es| 2
1212|515 Sls|e|3|2|52%
[t} [ ] al| a a x o e u |lcll g
Q [2] Q = =] = 4 = - (=] D - -
o o @< 7 ] " > » m o |—n| X
80 |92.0|86.5196.5/92.0|87.0{1865] — -
79 191.5185.5/96.3|91.5/86.5|1787] — -
78 {91.0/34.5196.0|91.0|/85.5|1710] —
-77 |90.5{84.0|95.8/90.5|64.5[1633] — -
76 [90.0183.0}95.5(90.0|83.5{1556] — -
75 |89.5(825|953[89.0/825]1478] — —
74 |89.0{81.5{95.0(88.5]81.5{1400] — -
73 [88.5/81.0{94.8(88.0{80.5{1323] — | ~ o | -
72 (83.0{80.0|94.5(87.0|79.5(1245 — w w | —
71 |87.0(795(94.3{865]78.5(1160 — | & o =
70 [B6.5{78.5|94.0|86.0l77.5{1078| a72| = z | 952
69 |86.0{78.0|93.5(85.0|76.5|1004| 946 | |, 949
68 |85.6/76.9193.2184.4{75.4| 940{ 920 | 945
67 |85.0{76.1|92.9(a35]7a 2! 900| aas 942
66 |84.5{75.4|92.5|82.8]73.3| 865/ a70| NA 938
65 |83.9(74.5|92.2]81.9]720| 832 a46 739 334
64 183.4|738|91.8(81.1)71.0] 800 822} 722 930
63 182.8173.0191.4(80.1i69.9] 7721 799} 706 926
62 |82.3[72.2|91.1[79.3|68.8] 746|776 | 688 | 1222
61 ,81.8(71.5|90.7t78.4|67.7] 720{ 754 | §70 917
60 181.2]70.7|90.2|77.5|€6.6| 697| 732 | 654 NA | 913
59 180.7(69.9{89.8(76.6|65.5] 674l 710 | 634 351 909
58 |80.1169.2189.3|75.7|64.3| 653 620 | 615 3381 904
57 179.6168.5188.9|74.8l63.2| 6331 670 595 3251 900
56 [79.0167.7188.3|73.9|62.01 €12 650 | 577 1313-595
£5 178.5(66.9187.9(73.0169.9{ £95] 63¢ | 580 301 | a9
4 178.0166.1187.4|72.0159.8( 577\ 612] 543 {2921 887
=3 177.4|65.4185.9171.2153.6] 560! 594 | 525 ;2831882
$2 {75.8164.6[86.4|70.2127.4| 544|576 512 1273]87¢
51 176.3163.8185.9|69.4i£5.1{ 528| 553 | 496 2641 873
50 [75.8[63.1|B5.5!68.5/£5.01 5131 542} 481 2551 370
49 175.2162.1[85.0/67.6153.8| 498| 525! 453 246 865
48 |74.7161.4|84.5(66.7|22.51 aB4! 510 455 2381 861
47 174.1160.8/B3.9|65.8151.4]{ 471] 495] 443 2291 855
46 [73.6{60.0183.5|64.8)50.3( 458| 480 | 432 2211 851
45 173.1]59.2:83.0{64.0(19.01 236|466 | 421 2151847
44 1725|53.5'82.5|63.1|47.8| =34 452 409 208 | 842
43 Y72.01s7.1162.0162.2{46.7) 422 435 400 201] 837
42 |71.5155.9|81.5(61.3{45.5| 412| 426 | 390 |1944533_
41 {70.9(£6.2|80.9|60.4 aa.:\l an2[ 414 | 381 1 188 827
40 {70.4/55.4i180.4159.5143.1| 297 402|371 11827822
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The Indenlat’'aon hardness vdlues measured on the various
scales d2pend on lhe work nardening behavior of lhae

ma erial during the test, and this in turn dep nds on Lhe
degree ol prevous cod ~orking o the malerral. The B-scale
re at'unsh psinthe ab e are ba ad !arch on annealed
melals lor the low values 1 :d co d vorked metale for the
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