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1.- Clasificacion de los Materiales

1.- Ferrosos:

Aceros:

Fundiciones:

Blancas:

2.- No-Ferrosos:

3.- Organicos:

4.- Inorganicos:

Ordinarios
Aleados

Grises: Nodular
Ferritico
Perlitico

H. Martensiticos
Especiales aleaciones

Cobre y sus Aleaciones
Aluminio y sus Aleaciones
Niquel, Cromo, Estafio, etc.

Madera
Polimeros
Elastomeros

Fibras Compuestas
Ceramicos

Vidrios

Minerales
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MECANISMOS DE CRISTALIZACION EN LOS METALES

ES EL PROCESO DE TRANSFORMACION DE UN ESTADO LIQUIDO A UNO SOLIDO
DESARROLLANDOSE LOS CRISTALES EN FORMA ORDENADA.

TEMP. ALTA A * TEMP. NORMAL
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FORMACION DE FORMACION DE CRECIMIENTO DE FORMACION DE
NUCLEOS DE DENDRITAS CRISTALES LIMITES DE
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2.- Estructura de los Materiales

METALES

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

* (3ase0sos
* Liquidos
* Solidos

Tipos de Enlaces

* Lonico

* Metalico

* Covalente

* Vander-Walls

* Puente de Hidrogeno

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

Caracteristicas de la red:

* Sus longitudes
* Sus angulos




FIM.E.-UAN.L. DEPTO. DE MECANICA DE LOS MATERIALES

LOS SIETE SISTEMAS CRISTALINOS

1.- Monoclinico

a) Simple
b) De extremos centrados

2.- Triclinico
a) Simple
3.- Hexagonal
a) Con extremos ¢entrados
4.- Romboédrico
a) Simple
5.- Ortorrombico
a) Simple
b) Cuerpo centrado
¢) Extremos centrados
d) Caras centradas

6.- Tetragonal

a) Simple
b) Cuerpo centrado

7.- Cabice
a) Simple

b) Cuerpos centrados
c) Caras centradas
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Los sistemas de cristalizacion mas comunes son:

Cubico*
Hexagonal*
Tetragonal
Ortorrombico
Romboédrico

]

Defectos o imperfecciones del cristal:
- Vacancias

- Intersticios

- Dislocaciones (Borde y Helicoidales)

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

* En metales
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REDES ESPACIALES O TIPOS DE ESTRUCTURAS CRISTALINAS
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ESTRUCTURA DE LOS POLIMEROS

Son macromoléculas organicas que a través de un enlace quimico forman el
monomero (o unidad monomeérica),el cual se repetira millones de veces en cadenas lineales
o cruzadas para finalmente construir un polimero.

Ejemplo:
TABLA 42-3  Unidodes tepelitivas y propiedades pora lermopiasiicos lipicos que lienen estrgcturas de
codeng complicodas
MMeaduln
Resistencia de
a la teastan elustrereded Deusidad
Pulitncm Futructura { )’J”-) f‘.'fnngn(j.'hr { ':’f,) e f) (_;:/t'nl" J
H H H ) ‘ .
Policter G Q—C—O—C—O——  9,500- 2,000 2575 520 1.42
{aceual) I | {
H H H
FPoliamida 11200~12.2C0 £0=27 +00-300 i.14
favien’
- - - - - e ,: o = = _'-__ ? o
it 8 e e E e e e N
T A P |
4 B H H H H H B HH
Poliéster £.000-10.300 20-300 100-6060 1.36
{dacron) ’
H O (9] H H
| '} 1 1
-—CIZ-—O—C C—O—C—(lI—O—-m-
i a
H H H
Policarbonato 9,000-11,000 110-130 300-400 1.2
H
I .
H—C—H (o] }
! |
(I: O—C—0—--
H—C—H
|
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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

* ¥ * #* ¥ %

CLASIFICACION DE LOS POLiMEROS:

Segun su mecanismo de Polimerizacion:

Polimeros por adiciéon: son cadenas formadas por el enlace covalente de las moléculas.
Polimeros por condensacion: se producen cuando se une dos o mas tipos de moléculas

mediante una reaccidén quimica que libera agua.

Segiin su Estructura:

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

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

Segnan su Comportamiento:

Polimeros termoplasticos: son polimeros de estructura lineal, que se comportan de manera
plastica a elevadas temperaturas y pueden ser conformados a temperaturas elevadas,
enfriados y luego recalentados y conformados.
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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
reaccion de condensacion no s¢ pueden reprocesar debido a que parte de las moléculas salen

del matenial.

Segiin su Grado de Polimerizacion:

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

* % * »

Segiin su Naturaleza:

Naturales (lino, seda, asbesto, celulosa)
Artificiales o sintéticos (rayon, nitrato de celulosa)
Segun su origen

Vegetales (algodon celulosa, etc)

* Animales (pelos)

Minecrales (asbestos, fibra de vidrio)

* ¥ % +

*

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 extrusién

Artificiales:
Fibra de vidrio
Silicones
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ELASTOMEROS

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

Objetivo: es el de conocer la manera de obtener las caracteristicas y propiedades mecanicas
basicas en los materiales.

Teoria: basandonos en un ensayo estatico de tension y su grafica de comportamiento esfuerzo

vs. deformacion unitaria, obtendremos las siguientes caracteristicas y propiedades mecanicas
basicas en los materiales:

* Resistencia Mecénica
* Ductilidad

* Rigidez

* Resilencia

* Tenacidad

* Estandares de Probeta
* Velocidad del Ensayo

* Textura de Grano y Tipos de Fallas

Resistencia Mecanica:

Es la oposicion que ofrece el material a través de su fuerza interna (molecular) a la aplicacion de
una fuerza o carga.

Esta se mide a través de:

1) Limite proporcional (oLP): es €l mayor esfuerzo que un material es capaz de soportar sin
perder la proporcionalidad entre esfuerzo y deformacidn, es decir, que representara el dltimo
punto de la pendiente de la grifica cumpliendo con la Ley de Hooke,

11
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2) Limite elastico {o1Lr): es el mayor esfuerzo que un material es capaz de desarrollar sin que
ocurra la deformacién permanente al retirar el esfuerzo, la determinacion de este limite elastico
no es practico y rara vez se realiza.

3) Resistencia a la Cedencia (oL.v.): es el esfuerzo al cual ocurre un aumento de deformacion para
cero incremento de esfuerzo. En este punto cede el matenal a los defectos del cristal (vacancias,
intersticios y dislocaciones) por lo que provoca ¢l desplazamiento molecular (deformacidn) sin
oponerse a la fuerza aplicada por lo que los incrementos de carga en la maquina de pruebas de
algunos materiales.

4) Resistencia maxima (omax.): 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
reduccion de area en materiales ductiles).

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

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

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

1124 5

eon ¥

Figura 3.1
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Obtencion de la Cedencia (Y.P.)

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

En algunos materiales este punto de cedencia no se presenta como otros, que a través de la
oscilacidn de-la aguja en la caratula de la lectura de carga o del canal en el display de carga, que
se puede detectar dicho punto en la 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 recta paralela a la pendiente de la gréfica a partir de un
valor de deformacion unitaria de 0.001, 0.002, 0.003 plg/plg. Que representa un 0.1%, 0.2% o
0.3% de deformacion unitaria. El valor més usual es el de 0.2%. Ver figura 3.2.

#— Pendiente
/ de gréfico

Resistencio
o la cedencio

Linea porule.lo
o lo ente
de |G.P;‘:::>F|I‘_ﬂ

Y

Figura 3.2
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Zona en la Grafica

1.- Zona Elastica: sc considera desde el origen hasta el punto limite proporcional. Se emplea en el
disefio de elementos de maquinas y estructuras.

2.- Zona Plastica: se considera desde el punto de cedencia hasta el punto de esfuerzo maxime. 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 deformacion.

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

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

4
T b
Eslverzo
MERIMD
Limite "
Pr i ONG
e Ecfuerzae de
Rophura Aparente
Zona Zona
Zowa PLasTica LHPERPLASTICA
ELNSTICA
g
Figura 3.3
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Ductilidad:

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

Fragilidad:

Es la propiedad que tienen los materiales de no presentar deformacién macroscépicamente.

Estas propiedades son medidas:
* Para ¢l ensayo de¢ tension:

% de Elongacion: se obticne midiendo la longitud inicial (L,) y la final (1.;) de la probeta
y sustituir en la ecuacion.

% Elong = (L.-L) x 100
L

4]

% de Reduccién de Area: se obtiene midiendo el didmetro inicial y final de la probeta,
calculando el 4rea respectiva y sustituyendo en la ecuacion.

% Reduc de Arca = (A, -A) x100
A

O

* Para el ensayo de compresion:

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

% Aumento de Area = (A;-A) x100
A

]

% de Reduccion de longitud: se obtiene midiendo la longitud inicial (I.) y la final (L) de
la probeta y sustituir en la ecuacion.

% Reduccionde long. = (L, -L) x 100
L,

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

15
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Lo Lf

Ao O Af

Figura 3.4

Rigidez:

Es ¢l esfuerzo requerido para producir una deformacion dada.

Se mide a través de la obtencion del méodulo de elasticidad para carga axial (E) y representa la
tangente de la pendiente en la grafica esfuerzo vs. Deformacion, este modulo se puede obtener
considerando dos puntos sobre la pendiente y realizando un triangule.

Ae &g
Material ‘ Modulo Elastico
# x 10° (kg/cm?) (Mpa) (10* x / IN)

Acero Ordinario 2.1 200 30
Aluminio 0.705 70 10

Laton .98 100 11
Hierro Colado 1.05 120 1.6
Madera 0.09 183 1.2
Concreto 0.25 500 3.5
Plastico 0.56 116 0.8

Tabla 1.1  Valores promedio de modulo de elasticidad en algunos materiales

16
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Figura 3.5

Resilencia Elastica:

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

Otra definicion: es una medida de 1a resistencia a la energia elastica.

La resilencia elastica unitaria (R.E.U.) o médulo de resilencia: es almacenada por unidad de

volumen en limite eldstico o proporcional; y representa el area (A,) bajo la pendiente de la gréfica
de esfuerze contra deformacién mostrada en la figura.

RE.U.=A, = 1bh=(c;,)(&s)
2 2

Resilencia Elastica Total

RET.=REU. xV,

Vo=A.xL, (em’)

L.P. : Limite proporciconal

17
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Y

Figura 3.6

Tenacidad:

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

Representa ¢l area total bajo la grafica esfuerzo vs. Deformacion esta se puede medir a través de
seleccionar el 4rea en areas regulares y sumarlas, o con ¢l planimetro, que ¢s un instrumento para
determinar el area de una grafica. Al seguir el contorno de la misma. El valor obtenido sera la
tenacidad unitaria.

Tenacidad Unitaria=T.U. = Area total = 1 (0,,., - Oys) B (KZ-cm/cm?)
2

Tenacidad Total =T.T.=T.U. xV, (Kg-cm)

V,=A,xL, (cm’)

YP (Yield Point) : Punto de cedencia

18
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Tmax.

|

Area ToraL: Tenatioao UrirAaia

Figura 3.6 a

Estandar de probetas para tension:

Las probetas para ensayos de tension se realizan de diferentes formas, la seccion transversal del
espécimen puede ser redonda, regular o irregular segin sea el caso.

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

La porcidn del tramo recto es de seccidén menor que los extremos para provocar que la falla ocurra
en la seccion donde los esfuerzos no resulten afectados por los aditamentos de sujecion.

El tramo de calibracidon es el marcado seglin estandar, sobre ¢l cual se miden las lecturas de
longitud final y diametro final, los extremos de las probetas redondas vy rectangulares, pueden ser
simples, cabezados o roscados, los extremos simples deben ser largos para adaptarse a algln tipo
de mordaza cuneiforme o plana (Ver figura 3.8),

19
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o —fet— A —fet—s—
g | O WA .

ﬂL

B—TLength of end section. .. 1 in., approximately
C—Diameter of end section.| 34 in., approximately!
E—TLength of shoulder. . .. .| 14 in., min

F—Diameter of shoulder. . . ! g in. = i in,

144 in., approximately
174 in., approximately
3{g in., min

1l{g in. = {4 in.

R
DIMENSIONS

I Specimen A | Specimen B Specimen C

1
G—Length of parallel. ... .. ' Shall be equal to or greater than diameéter *D."
D—Diameter.............. | 0.500 in. = 0.010in.! 0.750 in. = 0.015 in.l 1.25 in. = 0.025 in.
R—Radius of fillet. .. ...... | 1in., min | 1in., min | 2in., min
A—Length of reduced see- | [ | )

BRIV v e wsvns snasan o ALE Tl DAIN i 113 in,, min i 2!4 in., min.
L—Overall length, ... ......! 334 in., min ‘ in,, min 638 in., min
n.

14 in., approximately

4 in., min

1

4

1 in., approximately
1

E~l-

La

g in. = 144 in,

Nore.—The reduced section and shoulders (dimensions “A*, “D”, “E”, “F", “G" and “R"™
shall be as shown, but the ends may be of any form to fit the holders of the testing machine in such

a way that the load shall be axial. Commonly the ends are threaded and have the dimensions “‘B”
and “C” given above.

Figura 3.7
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Una probeta debe ser simétrica con respecto a un eje longitudinal a lo largo de su longitud para
evitar la flexion durante la aplicaciéon de carga, la longitud de la seccion reducida depende de la

clase de material y de las mediciones que se tomen.

En las siguientes figuras 3.9 y 3.10 se muestran los diferentes estandares para los ensayos

estaticos de tension.

DIMENSIOXNS
D—Diametor .
R—Radius ol fille
A—Length of reduced section
L—Overall length .. ..
13-—TLength of end seetion.
' —Dinmeter of end section
E—Length illet
FFia. 17.—Standard
from Malleable Iron.

Tension Test Specimen

...... g ine
in-
in-
in.
2 in.
Fyoin
16 im.

Figura 3.9

DIMENSIONS

G—Gage length. .. ..., ..
D—Diameter (see Note).
R—Radius of fillet. ... ...
A—Length of reduced sec-

A
L—Overall length. . .. ...
B—Distance between

i ] 11 Ny
(—Diameter of end sce-
S 1S LR

NoTe.—The reduced section
gracdual taper from the ends townred

dinmeter than the center,

F16. 18.—Standard
for Die Castings.

2,000 in. 2= 0.005 in.
0.250 in. == 0,005 in.
3 in., min

5 B8 T, min
9 in., min

413 in., min

4 in., approximately

miy
with the ends not more than 0.005 in, larger in

Tension Test Specimen

have a
the center,

Figura 3.10
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Otros estandares para polimeros o plasticos se encuentran en la asignacion de la ASTM D 412,

hasta D 530, hasta D 638, para concreto ASTM C 190, para materiales eléctricos ASTM D 651,
etc.

Velocidad de ensayos de tension:

La velocidad de los ensayos a tension seran aquellos que permitan las lecturas de carga y
deformacion o las que recomienden las estandares de la ASTM, ASME o alguna otra asociacion
para el tipo de material a ensayar. Un ejemplo de velocidades de cabezal moévil serian desde 0.01
a 0.05 plg/min y una maxima velocidad de carga seria 100 kips/plg’-min, se sugiere detectar la
cedencia en metales segun ASTM 8.

Textura de grano y Tipos de fractura:

Las fracturas se pueden clasificar en cuanto a forma, textura, color. Los 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 espécimen. Los tipos de textura de grano son sedosa,
grano fino, grano grueso, granular fibrosa, estillable, ¢ristalina, vidrosa y mate y las que puedan
determinarse al inspeccionar la seccién transversal de la pieza.

IFracwezas tipicas par teasicn e los motales

Figura 3.11
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4.- Maquinas para Pruebas Mecanicas,
Accesorios ¢ Instrumentos
de Medicion

MAQUINAS DE PRUEBAS MECANICAS

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

Maquina Universal de Pruebas

Maquina de Dureza Rockwell

Maquina de Dureza Brinell

Maquina de Ductilidad en la Mina Metilica
Maquina de Torsion

Maquina de Fatiga

¥ ¥ ¥ ¥ * ¥

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

Cuando se requiere probar algiun producto, por lo comin se tiene que hacer o

disefiar el aditamento correspondiente. O en su caso lo que sugiera la norma del ensaye.

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

SE ANEXAN CATALOGOS RECIENTES DE LAS DIFERENTES
EMPRESAS DISTRIBUIDORAS DE EQUIPO DE PRUEBAS MECANICAS

NOTA:

Estas maquinas deben de estar en buen estado, calibradas vy certificadas para su uso, esto
dependera de las recomendaciones que haga el fabricante de las mismas,
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] Dwmnensions, mm
Stangarg Soemmens Subsize Specmen
Iorunal Width Pate-Type Sheet-Type -
40 mm 12.5 mm
length (Notes 1 and 2) 200.0 = 0.2 50.0 = 0.1 25:0:=0.1
(Notes 3 and 4) 400=20 125 =0.2 6.0 = 0.1
ness (Note 5) tuckness ¢f matenal
of filet, min (Note 6) 25 125 6
il lengtn, min (Notes 2 and 7) 450 2C 100
h of reduced seciion, min 225 57 22
h of grip secuon. min (Note 8) 75 30 3
of gnp section. z2oproximate (Notes £ anc 9)

50 20

—For the 40-mm wige spetimen. puncn marxs for measunng elongabon after fraciure snail be mzce on the fiat of 0a ine ecge of the specimen and wiinin i~
pcuon. Either 3 set Of mine Of MOre DUNCh marxs 23 MM apar. or one or more pairs of puncs maxs 290 mm apart. may o2 usec.

—When eloncatior. measurements of 20-mm wice sDecimens are nol reQuIres. a MAWMUM ieNci™ Sf reCuces secharn (A) ¢f 73 mm may D2 useT win ali othe
§ simiiar 1o the plale-type s>ecimen.

For the three sues of speamens. the ends of the reduced section shall not differ n widtn Dy more than 0.10. 0.03 or 0.C2 mm, respeciively. Alsc. ihere ma»
al cecrease in wadin from the encs to ihe center, but the widin at each end shall not e more than 1 % larger tnan tne wicin al the center.
For each of the tnree sizes of specimens. narrower widths (W and C) may be used when necessary. In such clses ne wictn of the reduced secuon shouk

2s the wadth of the matenal being tested permits: however, unless stated specifically. the requirements for elongauon in z 2rocuct soecficanon snall not 2zon
narrower specmens are used. A

7. Maximum thickness of 12.5-mm and 6-mm wice specimens snall be 19 mm 2nc 5 mm. resoecTvely.
For the 4C-mm wide specimen. a 13-mm mintmum radius at the ends of the regucec section 1s dermunies for siza! soeomens undar €30 MPz i t2nsas

et Eeictl [ e g e g
file cutter is useg 10 Mactune the reduced secucn.
—T70 aid in odtaning axial laaING CUNNC testing of 5-mm wide SDeCmens. iNe Overal, 1IenTiT SNz D2 2s | g -
—Iitis cesiradle, «f possiole. 10 maxe tne lencn of tne ¢No seclion large enduzn T

c oreveni fanure 1N tne Qnp sect:on.
—For the 1nree sizes of Speamens. e encs 97 Ins £28IIMen S=a. Tf SvImeinss v

uvely. However. lor referee testing anc wnen requires Sy procu
—Spedmens with sices pasaniel througnou: ther lencin are oemmin

2

swaliin O

eC. 2xTEDi 157 releree (eSUNI. DTTwiS2c! {2 Lne 2D0ve 1Dierances are used: (D) an adecuail
marxs are provided lor determminauon of eonczlon: ang (€] when yielc Sirengin is Cetenminec. & suizdle exiensometer s used. If Lhe Taclure OCIurs &t &
less tnan 2W from the eoge of the Crpomnc cevice. tne tensie properues determines may not be recresenizuve cf the maienal. In acTentance tesung. v in¢
meet the mn:mum requirements soec:fiec. no funner tesunc 1s requirec, dut if they are less than e miNiMum recurements, AiISC2rC e test anc retest.

FIG. 1 Rectangular Tension Test Specimens

Wedge Giins Ucoer ~eoc of 8. REPOF!

Tesnng Mcohine

s

8.1 Test information on maiznais not covercd by 2

by TR AN S = 2 5
‘ \\\%’/ product specification should be reporied in accercance i
‘ g:\\ NoO0NE 8.2 or both 8.2 and 8.3.
| e K 8.2 Test informauon 1o be reporied shail include the
~Lwners-Thickness Varied - ¥’ o )
BAccorcing to Specimen Thucx- fOllOW!ng when appllcablc. ]
ness to Xeep Wedge Grizs 3 h ~a r P =
Flot Specimen ;E,o_-_, Protruding Zove or E;_l‘ g/:jizguipa?spsa(rg:clzgiez;..,\auon.
elow Heoc of Testing AR imen ype 10
' Rt 8.2.3 Yield sirength and the meihod used io detsrmins
; : ; ; vield sitrenegth (s22 7.4

%- 2 Wedge Grips with Liners for Flat Specimens - lcgd 5¢ PgtH (se2 7.5).
! =

2.4 Yield point and the mz2:503 usad to determine vield
| . . ) oint (see 7.3).
The specimen’s properties were changed beczuse of e

Rt : 8.2.5 Tensile sirength (se= 7.6).
The tg pracucii . 8.2.6 Elongation (repont both the onginal gage lznzth and
- est procedure was incorrect, the percentage increase) (ses 7.7).
}ic fracture was outside the gage length. 8.2.7 Reduction of area (sez 7.8).
L or clongation determinations, the fracture was 8.3 Test information 1o be available on request shall
n¢ middle half of the gage length. or . Sk
there was a malfunction of the testing equipment. 8.3.1 Specimen test section dimension(s).
r 3 o i 1 area of
~Thietension spedinen s Tnapsauiaeier shé sothie 8.3.2 Formaula used to calculate cross-sectiona

BEfficiings in a materal. Oither anaihads il Specitens specimens taken from large-diameter tubular products.
ultrasonics, dye penetrants. radiography, ¢tc.. may be consid- 8.3.3 Speed and mcthod used to determine speed of
aws such as cracks. flakes. porosity, cic., are revealed during testing (see 7.3).

undness is a condition of acceptance. 8.3.4 Mcthod used for rounding of test results (see 7.9).
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Dimensions, mm

Stangarc Specmen Smal-Sze Specmens Proporuonal To Stancard
12.5 ) 6 4 25

bage length B2.5 = 0.1 450 = 0.1 302 =01 20.0 = 0.1 12.5: =01
Diameter (Note 1) 12.5= 0.2 9.0 =01 65 =01 £0=01 25=01

20ws of filler. min 10 8 & 4 2

engih of reduced seciion, min (Note 2) 75 54 a6 28 20

7t 1—The reducec section may have 2 gradual taper from the encs toward the center, with the encs not more Than | % larger in diamelter than the cenier (ConTowg

10n).

¢ 2—I! deswred, he lencth of the reduced seclion may De increased 1o accommocate an extensometer of any convenient cage length. Reference marxs lor Te
ement of elongaton snouic, neventneless, be spaced 2t the indicated gace lengin.

1e 3—The gage iengin ang fillris shall be as shown, but the ends may de of any form 10 fit the holders of Tie tesing machine n such a way that the load may e

(see Fig. 2). !f the engs are 10 be held N wedce Qnps it 1s geswradle, if possidle. 10 make the leng:n of the ¢cnd secuon great e'\ough 10 allow the sDecmen 10 exteng
gnps a cistance ecual 1o two thircs or more of the length of the gnos.

7€ 4¢—On me rounc specimens in Figs. § ang 2. the Qage lengths are equal 1o five times the nominal diameter. In some procuct speaficauons other sDeamens may
vided for, but the 5-10-1 rauc 1s manianed within dimensional lolerances, the eloncation values may noi be comzardole with those oatamed from the s:iangdasc les:

7€ 5—The use of specimens smaller than 6 mm in diametler shall be restnclec 1o cases when the matenal 10 D2 tested 15 of insufficent s:ze 10 oblan larg

kmens or wnen all caries acree 10 their use for acceniance testng. Smaller speamens require suitadle equipment anc greater skl i DOIN Machining anc lesung

. 8 Standard 12.5-mm Round Tension Test Specimen with Gage Lengths Five Times the Diameters (30). and Examples of Small-Size
Specimens Proportional to the Standard Specimen

Z e e D S ety ! - M e -_._._.:.';__..'.._..
B . A S e s BN R NS
= Nzie 2 N e
L
-8 A - i
S e 5 = T N
— R .
Oimensions, mm
Specmen 1 Specirmen 2 Specmen 3 Specmen 4 Soecmer §
~Gage lencin 825 =01 62.5 = 0.1 62.5 = 0 6e.5 =02 625 =€
I—Diameter (Note 1) TS5 =02 2SS =02 128 =0.2 12.5=0.2 125=02
—Ragdws of fllet, min 10 10 2 10 39
—Lengtn of reducec seclion 75, mun 75. min 100, acoroumateny 75, min 75, min
—Overall length, apcroximate 145 155 140 140 2ss
I—Length of end secticn (Note 3) 25, aopreumately 25. approximately 20, aooroumately 15. aoproximaiety 75. min
t—Diameter of end secuon 20 20 20 22 20
—Length of shoulcer and filet —_— 15 S 20 15
section, approxmate
f—Diameter of shouicer o 15 15 15

Note 1—The reduced section may have a gracual 1aper from the ends loward the center with the ends not Mmore than 1 % larger n diameter tan the center,

Note 2—On Specimens 1 and 2, any standard thread is permissible thal prowdes lor proper alignment anc axds in assunng that the specmen will dreax wathn ¢
leduced section.

two thirds or more of the length of the gnps.
F1G. 9 Various Types of Ends for Standard Round Tension Test Specimens

NoTe 3—On Specmen 5 1t is deswadle, il possible, 10 make the lengin of the Grip seciion great enough 1o a.lk'.'w the s::-e-c:nm 10 extend into the gnzs a cistance EG\"

-




PALSSURE
ADDLlED

squeezing Jig for Flattening Ends of Full-Size Tension?? NOTE—The C:ameja- 2! it
Test Specimens

. S
\ _\ ]
Testng maghine ows

$houlc not crlend " 4
Deyong trus hemit —

he plug sr2k nave 2 shgni 1202r from the hne hmiing
the tesung machine 12ws 10 the curved secuon.

FIG. 11 Metal Plugs for Testing Tubular Specimens, Proper

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

L carale! 1o e2an

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

] 1 '
__ll . a . —— B —
i i | !
. = R i = o
' [ 1 \ ‘\ A
- — : _ W — — = ¢ —_ == —-] —
— .‘ A —— Ll L4
: G R
Dimensions. mm
Specmen 1 Spec:men 2 Specimen
Nomanal Wizin
12.5 40 20
ce lencin 50.0=0.1 500 =03 2000 =C.2
< (Note 1) R2s5=02 400=20 400=20
ess measured thickness ¢! sdecmen
of fillet, mun 125 25 25
1 of reduced secuon, mun 60 60 230
ength of gnp secuon, min (Note 2) 75 - 75
of grip section, approximate (Note 3) 20 S0 s0

£ 1—The ends of the reduced secton shall not ditfer in width by more than 0.1 mm for specmens 1, 2, and 3. There may be a gracual taper n wicth from the encs
Center, but the width at each end shall be nol more than 1 % greater than the width at the center

€ 2—N is desirable, # possible. 10 make the length of the grip section great encugh 10 allow the speamen 10 exiend No the gnps a distance equal 10 two thwes Of
o the length of the grips.

e 3—The ends of the specimen shafl be symmetrical with the center ne ol the reduced section within 1.0 mm for speamen 1 and 2.5 mm for specmens 2 and 3-
L {—_Specimens with sides paraliel throughout their length are permitied, except for referee testing and where pronhited by product specification, provided: (3) 1€
Dlerances are used: (b) an adequate number of marks are provided for delermination of elongaton: and (c) when yield svength is delermined. 2 sudable

ler is used. I the fracture occurs 2t a distance of less than 2W from the edge of the gripping device, the tensie properties detenmined may not be representative
Material. i the properties meet the minmmum requirements specified. no turther testng is required. but f they are less than the minimum requirements. discard e
g retest.

FIG. 13 Tension Test Specimens for Large-Diameter Tubular Products
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FIG. 14 Location of Transverse Tension Test Specimen in Ring

Cut tfrom Tubular Products
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Dimensine. T

naming kemere’

G—Llenzim of carane.

3 Erzk D exL2 1L Tr gredler tan C.aTEier O

B—Digiesce 125202 220 = €. 500 = C.5
A—Racius of fitet, min 25 23 e
A—Lengin of reguced secion. mn az 38 &0
{— Overall lengin, rmm o5 102 160
8—Length of enc secton. approximate 28 23 &5
C—Diameter of enc secudn. 2Dproxumaie 20 20 48

© E—Length of shouider, min 6 s 8
F— Diarneter ¢f shoulder 160 =04 240=C.4 3504

FIG. 15 Standard Tension Test Specimen for Cast lron

NOTE—The recuces section anc shoulders (Cimensions A. D. £, F, G, and R) shall b2 as shovn, but the encs mazy be of any o7 1T il the holgess of the testing ac
nsuch a way that the load snafl be a2xal. Commonly the enas are tveaded and have the cimensions 2 anz C given 2bove.
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ALTERINATE DESICN FOR 2END Bar SIDE wiEw wEZL 3.0CK CoUPON
(a) Design for Double Keel Block Coupon
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(¢) Design for ~anached™ Coupon
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A LTEINATE DET.LN FOR BEMD BAR

‘r+ Desicr for Muitiple Keel Biozi Coupon 4 Lezs)

FiZ., 18 Test Coupzas ia7r Castings {sea TzZie 1 jor Deiziis of Desicm
1
- L
| I
| - ! " 1 5
| i i ‘ |
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‘ ' = i | @ 8
! i . 3 i | c’ S
& 1
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Dimensions
mn,
D—Diameter 8%
R—~Radius of fillet e
A—Length of reduced section 2vz
L—Over-all length 72
B8—Length of end secuon 214
C—Diameter of end section e
E—Length of fillet s

FIG. 17 Standard Tension Test Specimen for Malleable lron
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5s vs Minimum Thickness Chart SSICyhndncal Correction Chart 53
I Rockwall 1 Rockwell ' Cylindrical work corrections to be added to observed
' Sucerlicial ' Regular 'Rockwell Number for Scales indicated
Ndb | Hardness Scales I Hardness Scales
oy | 15N | 30N 1| 45N f A 1 0 | ¢C Scales C, D, A
gale. | 15 30 45 1 80 l 100 | 150 3rale Diamond Indenter
kqt xqgf kgl ' qgf kgl kal Diameter of specimen — Inches (mm)
s -.N Brale : l%”‘f Obsarveci 18 i 14 | 318 | 12 | SI8 1 34 | 718 { 1 ;1.1/411.3:2
1 ndentes : ndenter Reaging  i2.2) 1 6.9 (10 | (13) ! (16) | {19) | (223 | (25) | i32) ~ :38)
19 ;92 - - - — — 90 i NA, 0S5 0 |l o1 0 : 0 00 0 7 0 7 0
0 ! 90 — — - — - 85 ;||0.5 05|05 0 i 0 0ol 0] oo
2% ' 38 = - == = = 30 051 0.5 1 0.5 0.5 0.5 0 + 0 i 0 i 0
0 | 83 32 7 1 - — 75 o l-q0j 05| estosjostosf o'} o0 | 0
1 - - - !‘ ) H
36) . 76 78.5 T4 — — — 70 | | 104 1.9¢ 085 0.5 05 i 0.5 | 0.5 i 0] 0
4) ¢ 68 74 72 a6 - = 65 i | 15si 10! 10:05'05!o05l05! 0 i o
1 - — ¥ . .
i ! X A 62 e 60 - 151 101 1005105 (05105 3 | 0
ke x 2 83 a2 77 — 55 ! 291 15| 1.0 1.0 | 0.5 05| 05! 05: 0
ssﬂ = § sxr 58 79 75 ga 0 ! 25! 20: 1511010l 05! 05! 03¢ 0.3
: ; 51 7 72 7 = T . TA Ll oE 5
_ . : A 2 45 i B0l 204 185} w010 10 Les! 03 . 93
058 3‘( X 3 I 68 55 0 | | 351 25 l 20 15110110 10! 05! 05
e : X 20 L L 62 s ! i 30!l 30! 20! 455! 10! 1010535'053
i X X X - e o 30§ | | 50[35]25720;: 157 15]10] 1.0¢ 03
L & X X X 4 32 o5 i .4 |l.sslvoi3alas: 2ol 45 . 10 10 12
a6\ X X X X 3 13 20 t | 6ot as) 358251 20! v51 181 10510
B X X X X X a7
.96) i X X X X X 28 Scales B, F G
1.02) X X X L X 20 116~ 3all Indenter
' : Rockwell Aocxkwell Diameter of scecimen — inches (mm)
i ‘ Supeslicial Regular Observed! 18 | 1/4 i /8 | 12 | 5i8 | 34 | 7/8 i [ 1.12
‘ ) ] { I 3 i 1 j1-14]1-12
pand o L_Harcness Scales _Hareness Jeales Reading : (3.2 6.0 i i e !9l 22! 29l @i @28
sted on | 157 30T : 457 r - 100 « NA | 35{ 251 1.5] 151 10] 1.0 ] 05 NA| NA
scale | 15 | 30 | 45 50 1 100 | 150 T | w0 30| 20 | 15| 15| 15| 191 Pl
! kgf '@ xof i kot kel xaf xaf 80 P S0l 3.8 258 201 15 0 1551 1.5 .4
ness l 1116~ Ball 116" 8ail . 70 ! | 60] 40] 30 25| 20| 20| .5 ¢ | i
s (mm) Indenter indenter 80 | 700501351 3,01 25| 201 20| ! :
(0.25) 31 = =y — e — 50 ¢ 1 1 _3G) 5545 4010 25130 25 w20 |
030 ' 36 - - - - - 40 | 1 20t 501 450 40301 25/ 25
0.36) 31 30 - - - - 30 20.01 6.5 F S0 <5 3.5% 30, 25 ¢
9.2 1 B TE Tt - - — 20 13.0° F.5 Y 55 &3 !ag a5 2p
e <L e =2 = = = 0 Tl gs B2 £ 45 22 oo
0.5 is iz — - - | £ . afiE g EE A2E =2 3= EE -
0.5 < < <z - — — | 2 a o e
(.61 X =2 = 3z = 2 L2128 12-N. Soex., =3k
 (0.66) % i “8 £¢ :7 = 5
- - 7 e ~~ - . =T218 o mcenter
5"}"_" = = = =2 Zl = z Laémeter 31 5 ~ — incnes (mmi
: }ggi‘“ 2 3 3 = £ . aidssenedt 8 "2 mB s 25 o pma 4 @
10.85i X X % X Es 3 [l Bescing 23 0 o B U8 G939 o oh s
i0.21 < 4 % % i an i! 20 0»35 {}a oa: 3-3 % ; g ; g : 8 NaL . NA
310.26) X X X % 23 3 83 ;5. 057 0592 B ¢ : ' : :
F?'J"\ = = s . 2 2 |80 100 05 05 0F 0s5°0 : 0.
. . - — 7S & LS 103 057 0.5 : 0541 051 0 i 0 i
inimum Harcness 70 ¢ 20y 19! 1.0 051 05) 05|08 05;% j
F ¥ i c1 4 ! ¢ : - H =4 = 1
alues are approximate dniv 3nd this hart is inianceg orimanty £ 2"': '3: L2 0.2 . 9.5 ; 05 : 0.5 ' 0'2 =
AR EIEIEIEIE
his ilinner tRan sicwn n Inis chart mav 22 tesled on the ;8 : Yol -3hd 1'2 o8 i 104 104 10 0'2 -
" mic:onarcness legier. The lhucknass 2! ine scec:men sh0uld be = e I e - I = = :
1"y limes the cizzonal of the inceriaiicn ~nen using ! 10 B R iR AR R SRR B :
51257} cramenc 2vramd ncentar ang at‘easi hmes, ne o 35 <3 25i 20. 15: 1.0 10 10 1ol ! ;
3l anen using ine 4noco incenter. - 5 2 550 30! 201 15 151 10 10 TV i
Jaices.n Char: 33 zre consisient wil 12 f‘ffeff'_:' -’.n;nc. 55 5:3: s E'.a i iRl 1"5 Hrls : i !
ot to1 2 anc 3523 vaiues wmcs 33C i L e 29 20! 30  20:si yac g3t agiasg: '
Bv'incent S, Lyzagni. I 1588 Wileonr -nsiram RNt _WHSIOR, SITT o
Scales 15T, 30-T, 45-T
1/18° 2all Indenter
Oiameter of specimen — inches (mm)
Cbservedi 18 | 174 | 316§ 12 ! a.a | Ja i w8 l |1-:;:: 110
Reaging: 3.2 1 (6.0 1 (01 : 1211 (8 L (91 22! 2 <1 (32) : 1381 |
90 1.51 1.0 10'05i05|0.s 0.5 0.5 | NA; NA
80 ]3o| 2.0 15|15|10|1.0 1o o5
70 sol 250 251 20!l 15! 101 101 10 s B
50 | 65| 45| 30| 251 20] 1.5] 1.5] 1.5 ™
50 g8s| 551 40 ] 301.25 | 20 2.0 1.5 |
40 !100 ss 451 35| 30l 25 2.0 5 {_
30 115] 50]35]35|25| 20 || |
20 |130 90 451 45! 30 201 ¥ a3 A

These corrections are approximate only and represent [he averages. !0

the neareslt 1/2 Rockwell number, of numerous aclual observations.
These values are consistent with ASTM E18 Tables 6, 7, 13 anc 14,

VYhen testing cylindrical specimens, the accuracy of the test will
te seriously allected by alignment ol elevating screw, Yee anvil,
ingenlers. surface finish and the straightness ol the cylinder.
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Dimensions, mm '
I o Pressing Area = 645 mm?
-Gage 50.0 = 0.1 Note—Dimensions specified, except G and T. are thos i
 Diameter (sée"Ndte) 6.4 =0.1 - : ol
- Radius of fillet, mm 75 Dimensions. mm
:.ungm of recuced section, mn 60 G— Gage length 2540=0.8
- Overgll length. man 230 D— Width at center 5.72 = 0.03
Distance between gnps. min 115 w—Width at end of reduced section 5.7 = 0.03
- Diameter of end secton. aooroximate 10 T— Compact to this thckness 3.56 10 6.25
| Nore—The reaucec secuon may have a cracual taper lrom the ends towarc i o 25.4
#cemer. with the encs not more than 0.1 mm larger in diameter than the center. - g— 2:?;:%1[: aldergeg Gepan ;gg: = 0.03
FIG. 18  Stancard Tension Test Specimen for Die Castings L— Overall l:zng:n 39:84 ; 0_'03
. C— Width of gnp secaon 8.71 = 0.03
F— Hal-width of gnz secuon 434 =003
£— End radius 4.34 = 0.03

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

1. Rouch machine reduced section to 6.35 mm ciameier
2. Finish turn 4.75/4.85 mm diameter with radii and waz2r
3. Polish wath 00 emery ciath

4, Lap with crocus cloth

Dimensions, mm

G—Gage length 25.40 =08

D—Diameter at center ol reduced secoon 4.75=0.03
H—Diameter at ends of gage length 4.85 =003
AR—~Radius of fillet 6.35 = 0.13
A—Length of reduced section 47.63 = 0.13
L—Overall length (die cavity length) 75, nominal

E—Length of end section 7.88 = 0.13
C—Compact to this end thickness 10.03 = 0.13
W—Die cawvity wadth 10.03 = 0.08
E—Lengtn of shoulcer 6.35=0.13
F—Diameter of shoulder 7.88 = 0.03
J—End fllet radius 1.27 = 0.13

Note 1—The gage length and fillets of the specimen shall be 2s shown. The
ends as shown are designed to provide a practical minimum pressing area. Other
end designs are acceptable, and in some cases are required for high-srength
sintered malerials.

Note 2—1t is recommended that the test specimen be gripped with a spiit
cofiet and supported under the shoulders. The radius of the collet support circular
edge is 10 be not less than the end fllet radius of the test specimen.

Note 3—Diameters D and H are 10 be concentric within 0.03 mm total
indicator runout (T.LR.), and free of scratches and tool marks.

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



APPENDIX

(Noomandatory Information) -

X1. FACTORS AFFECTING TENSION TEST RESULTS

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

X1.2 The consistency of agreement for repeated tests of
the same material is dependent on the homogeneity of the
material. and the repeatability of specimen preparation, test
conditions, and measurements of the tension test parame-
ters.

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

X 1.4 Matenal factors that can affect test results include:

sepresentauivensss and homeeenszity of the test mateznal
$2mpiing scheme. 2nd specimen :re:zrzuor\ {surfacs iiniso.
dimensional accuracy, fiilets at the ends of the gags iznsin,
i@per in the gage iength. bent specimens. thread guaiiiv. znd
so forth).

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

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

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

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

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

X1.4.6 Some materials are highly strain-rate sensitive.
Changes in the strain rate can affect the yield strength and

tlongation values, especially for strain-rate sensitive mate-

dals. In general, the yield strength and elongation wil
increase as the strain rate increases.

X1.4.7 Brittle maternials require careful specimen prepara-
tion, high quality surface finishes, largc fillets at the ends ol'
the gage length. oversize threaded grip sections, and cannot
tolerate punch or scribe marks as gage length indicators.

X1.4.8 Flanening of tubular products to permit testing
does alter the matenial properties, generally nonuniformity,
in the flattened regon which may affect test results.

X 1.5 Measurement errors that can affect test results
include: venfieation of the test force, exiensometers, mi-
crometers, dividers. and other measurament devices, aligo-
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 otiter iest specimens with non-ma-
chined surfaces may be imprecise due to the 1rrcgular1ty of
the surface flainess.

X1.5.2 Matenals with znisotropic flow charactensucs
may exhibit non-c;rc.;. 2r cross sections after fracture and
measurement precision T2y D2 aflecied. 2s 2 rasult (s=2 Nots

L

N33 Ths 25 Sam soecimens
suDj=CL [0 COmSITEIEL cuning £2fommatnion 2nd the originally
flat suiiaces way o2 parzbolic in shzps 2fier 1esting which
will affect the precision of final cross-sectional ars2 measure-
men:s (see Note 23).

X1.5.4 If any portion of the fracture occurs outside of ths
middle of the gage length, or in a punch or scnibe mark
within the gage length, the elongation and reduction of area
values mav not be representative of the maternial. 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) will producz lower 0.02 % offset vield
strength values than threaded specimens.

X1.6 Because standard reference matenals with certified
tensile propenty values are not available. it is not possible 1o
nigorously define the bias of tension tests. However. by the
use of carefully designed and controlled interlaboratony
studies, a reasonable definition of the precision of tensioo
test results can be obtained.

X1.6.1 An interlaborztory test program® was conductef

- where six specimens each, of six different materials wen

prepared and tested by cach of six different laboratones
Tables 2.1 to 2.6 present the precision statistics, as defined i
Practice E 691, for: tensile sirength, 0.02 % yield strength
0.2 % vield strength, % clongation in 5D, and % reduction i
area. In each table, the first column lists the six materia
tested, the second column lists the average of the averag
results obtained by the laboratories, the third and fff
columns list the repeatability and reproducibility standar
deviations, the fourth and sixth columns list the coefficien
of vaniation for these standard deviations, and the seven!




eighth columns list the 95 % repeatability and reproduc-
ity limits.
1.6.2 The averages (below columns four and six in each
le) of the coefficients of vanation permit a relative
parison of the repeatability (within-laboratory precision)
reproducibility (between-laboratory precision) of the
ion test parameters. This shows that the ductility mea-
ments exhibit less repeatability and reproducibility than
strength measurements. The overall ranking from the
t 1o the most repeatable and reproducible is: % elonga-
nin 4D, % reduction in area, 0.02 % offset vield strength,
% offset vield strength, and tensile strength. Note that the

rankings arc in the same order for the repeatability and
reproducibility average coefficients of variation and that the
reproducibility (between-laboratory precision) is poorer thaa
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 laborztorv consistently exhibited higher
than average strength vaiues and lower than average ductility
values for most of the specimens. One other laboratory had
consistently lower than zverage tensile strength results for all
specimens.

TABLE X1.1 Precision Statistics—Tersile Strength, ksi

Matenal X 5 s,/ % Sa safX. 2 r R
[-H19 25.66 0.3 2.45 0.63 2.45 1.76 1.76
T351 71.26 0.88 124 0.86 1.34 ro 2.47 2.68
T™M A105 86.57 ; 0.60 0.70 1.27 1.48 1.68 3.55
36 100.75 0.29 ’ 0.29 .21 1.20 1.09 3.39
600 29.48 0.42 0.43 0.72 072 1.18 2.02
51410 181.73 0.48 0.25 1.14 0.€3 1.29 3.20
Averages: oM 1.30
Note: X is the averace of the cell averages, that is, the grand mean for 1ne test parameter,
5, i the repeziadiiity standard deviaton (withindaboratory precision).
s/X is the coefiicient of vanaticn m %,
Sy is e reproducidility stansard devizuion (D2twe2n-120072100y cresisisnl),
sa/X i1s tne coeificent of vanauon, %.
ris the €3 % reoeatadiiity kmis,
s ine © % reorocusiiite bmks.
TABLE X1.2 Precision Statistics—0.02 = Yield Strength, ksi
Matenal X s, s /X, % Sa safX. % r R
-H19 16.17 0.65 3.99 1.19 1.5 1.81 3.33
4-T351 ) 51.38 0.84 1.64 0.89 1.73 2.36 2.49
A105 59.66 1.20 2.02 1.89 3.8 337 531
316 48.82 2.39 4.91 461 S.¢9 6.68 1291
600 38.7¢ 0.46 1.18 0.76 155 1.28 213
15410 104.¢0 2.40 2.29 3T 3¢2 6.73 8.83
Averages: 2,87 448
TABLE X1.3 Precision Statistics—0.2 = Yield Strength, ksi
Malenal X s, s, /X. % Sa Sa/X. % r R
EC-H19 ) 22.98 0.47 2.06 0.48 2.07 133 1.33
202¢-T351 . 52.64 0.74 1.41 0.79 1.43 2.08 2.20
ASTM A105 58.36 0.83 1.42 1.44 2.47 2.1 4.03
AISI 316 69.63 0.54 1.35 2.83 4.07 2:63 7.83
Inconel 600 38.91 0.36 0.93 0.85 2.18 1.01 2.37
SAE 51410 140.23 129 0.92 2.30 164 3.60 6.45
Averages: 1.35 232




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

Matenal X s, s/X. % S % r R
ECH19 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 4.81
ASTM A105 25.63 0.77 299 1.30 5.06 215 3.63

| AISI 316 3593 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 3.61 0.96 7.75 125 2.69

Averages: 2.97 6.36
NoTE A1—Length of reduced section = 6D. ‘ ’
TABLE X1.5 Precision Statistics—% Reduction in Area

Matenal X s, s /X. = Sa sa/X. % r R
EC-H19 79.14 1.94 2.45 2.02 2.56 S.44 5.67
2024-T351 30.31 2.07 6.82 3.58 11.80 5.79 10.01
ASTM A105 65.59 0.54 1.28 N ] 1.82 2.35 353
AISI 316 71.49 0.99 1.39 1.61 225 2.78 4.50
Inconel 600 59.34 0.67 1.14 0.70 1.18 1.89 1.97
SAE 51410 50.49 1.85 .69 395 7.81 5.21 11.05

Averages: 2.80 459

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any nem menfioned in this stancz:d. Users of this siandard are expressly advised that determination of the validity of any such
patent rignts. and the risk of infringement of such rights, are entirely their own respoasibility.
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(1.1 The precision and bias of tension test strength and
iity measurement$ depend on strict adherence to the
¢d test procedure and are influenced by instrumental and
erial factors, specimen preparation, and measurement/
ing ¢rTors. .

(1.2 The consisiency of agreement for repeated tests of
ame material is dependent on the homogeneitv of the
ierial, and the repeatability of specimen preparation, test
iions, and measurements of the tension test parame-

(.3 Instrumental factors “that can affect test results
ude: the stiffness, damping capacity, natural frequency,
i mass of the tensile test machine, the accuracy of loading
the use of loads within the verified range for the
gehine, speed of loading, alignment of the test specimen
the applied load, parallelness of the grips, grip pressure,
ure of the load control used, appropriateness and calibra-
nof extensometers used. and so forth.
X1.4 Matenal factors that can affect test results include:
esentztiveness and homogeneity of the test matenal,
piing scheme, and so::‘:imcn ar’:)arztion (su’fa ﬁnish
mensional accuracy,
perin the gage length, beat specimens. thread q"..m_\, and
|iorth).
X1.4.1 Some materiais are very sensitive 10 the guality of
esuriace finish of the test specimen (see Note 11) and must
gound to a fine finish, or polished to obtain correct
fults.
X14.2 Test results for specimens with as-cast, as-rolled,
Hforeed, or other non-machined surface conditions can be
flected by the nature of the surface (see Note 12).
X1.4.3 Test specimens taken from appendages to the pan
fecomponent, such as prolongs or risers, or from separately
uced castings (for example, keel blocks) may produce
results that are not representative of the part or compo-
nl.
X1.4.4 Test specimen size can influence test results. For
indrical specimens, changing the test specimen size gener-
v has a necgligible effect on the yield and tensile strength
M may influence the yield point, if one is present, and will
fluence the elongation and reduction of area values. In
neral, increasing the specimen size reduces the % elonga-
nand % reduction in area, although some studies have
n no effect, or the opposite effect. For rectangular
sile test specimens, increasing the width or thickness
Nrally increases the % elongation and decreases the %
Uction in area.
X1.4.5 Use of a taper in the gage length, up to the allowed
limit, can result in lower elongation values. Reductions
S much as 15 % have been reported for a 1 % taper.
146 Some materials are highly strain-rate sensitive.
Bes in the strain rate can affect the yield stmngth and
"Ration values, especially for strain-rate scnsmvc mate-

APPENDIX
(Nonmandatory Information)

X1. FACTORS AFFECTING TENSION TEST RESULTS

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

X1.4.7 Bntle matenals require careful specimen prepara-
tion, high quality surface finishes, large fillets at the ends of
the gage length, oversize threaded grip sections, and cannot
tolerate punch or scribe marks as gage length indicators.

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

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

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

X1.5.2 Materizals with amsou’optc flow charactenistics
may exhibit non-circular cross sections afier fracturs and
measurement precision meay be ziTacted, 2< 2 recnit fe2e Wots

snsiant

woiecy V3 SOZREE] Since ctioTmienian 2AE THE 3

.- —raDden alﬂ—.:‘—- il amiv wrass .
fi2t suraces may D= paraboiic 1n snaps afier 1esing Whish
will affect the precision of final cross-sectional area measure-
ments (see Note 23).

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

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

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

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



fp cighth columns list the 95 % repeatability and reproduc-
iy limits.

\1.6.2 The averages (below columns four and six in each
ghie) of the coefficients of variation permit a relative
mparison of the repeatability (within-laboratory precision)
J reproducibility (between-laboratory precision) of the
wion 1est parameters. This shows that the ductility mea-
yrements exhibit less repeatability and reproducibility than
¢ srength measurements. The overall ranking from the
w10 the most repeatable and reproducible is: % elonga-
win 3D. % reduction in area, 0.02 % offset vield strength,
1'% offse1 vield strength. and tensile strength. Note that the
mhings are in the same order for the repeatability and

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

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

TABLE X1.1 Precision Statistics—Tensile Strength, MPa

tiaienal X g, S/X. = Sq SarX. 3 f r R
19 177.5 0.63 2.45 0.63 2.45 1.76 1.76
GT251 492.9 0.88 124 0.96 1.34 . 2.47 2.68
ik A0S 598.8 0.60 0.70 127 1.45 1.68 3.55
b 316 : 6858 0.39 0.29 1.21 120 1.09 3.28
el 600 686.1 0.42 0.43 0.72 0.72 1.19 2.02
:31410 1257.0 0.46 0.25 1.14 0.63 1.29 3.20

Averages: 0.91 1.30

i.15 the repeatability standard deviation (withun-aboratory precsion),
L X 15 the coefficient of vanaton in 5.
L. ¢ e reproducibility standard dewviation (between-aboraiory precsion).
i )¢ e coefhaent of vanation, %.
117z CZ % repeatability hrruts.

‘2 X s the average of the cell averages. that is. the grand mean for the test parameter.

Averages: 135

TASLE E.I Srecision Siatistice—<.lli T Yieic Sirengin. MPa
aaEne. = 2, 58X, % 5a Said. 5 r =
L] 1118 0.3 5.98 1.18 7.35 T3 233
7231 3334 0.84 1.5 0.89 w3 2.35 2.£9
[ A0S 2.7 1.20 2.02 1.2 18 33 541
}316 336.3 239 <91 261 ax9 6.63 128
te: 600 268.0 0.46 1.18 0.76 1.95 1.28 2.13
£:310 7256 2.40 2.29 .47 302 6.73 2.28
Averages: 2.57 LR
TABLE X1.3 Precision Statistics—0.2 % Yield Strength, MPa
b 5. 0 p S salX. % r a
155.0 047 2035 0.48 2.07 1.33 1.33
352 0.74 1.21 0.79 1.49 2.08 2.20
2037 0.83 1.42 1.44 2.47 2.31 4.03
481.6 0.94 1.25 2.83 4.07 2.63 7.93
269.1 0.36 023 0.85 2.18 1.01 2.37
§70.7 129 0.92 230 1.64 3.60 6.45

2.32




TABLE X1.4 Predsion Statistics—=% Elongaticn in 4D

Matenal X s, s/X. % Sq sa/X. % r R
19 17.45 0.64 3.69 0.92 530 1.80 2.59
1351 19.75 . 0.59 299 - 1.58 8.00 1.65 4.43
MA105 29.10 0.76 2.62 0.98 3.38 213 2.76
316 40.07 1.10 275 2.14 £35 3.09 6.00
pel 600 4427 0.66 1.50 1.54 3.48 1.86 4.
31410 14.48 0.48 3.29 0.99 6.83 1.34 ST
i Averages: 2.81 5.38
bie Al—Length of reduced secton = 60. . ‘

f

TABLE X1.5 Precision Statistics—% Reduction in Area

Matenal X s, s/X. = Sa Sa/X. % r R
19 : 79.14 1.84 245 2.02 2:56 5.44 5.67
FT351 30.31 2.07 6.82 3.58 11.80 5.79 10.01
MAI03 65.59 - 0.84 : 128 1.26 1.92 35 353
316 71.49 0.e9 1.39 1.61 2.25 2.78 4.50
#6500 £9.34 0.67 1.14 0.70 1.18 1.89 1.97
51410 50.49 1.86 3.68 3.95 7.81 - 5.21 11.05
Averzges: 2.80 4.59

The American Scciety for Testing and Materials takes no position respecting the validity o! any paten: rights assenied in connection
with any nem mentionec in this standard. Users of this standard are expressly advised that deterrmunaticn of the validny of any such
patent rign:s, and the risk of infringemertt of such rights. are entirely their own responsibility.
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La mixima resistencia a 1a tznsidn y el médulo de clasticidad para cada polimero son:

Resistencia Modulo de
a la lension clasticidad g
"Polimera ~ (psi) (ksi) Estructura
Polictileno BD 3000 10 Altamente ramifi-
cada, amorfa con
meros simetricos
Polictileno AD 5500 180 Amorfa con meros
siMELricos pero cscasa
ramificacion
Polipropileno 60C0 120 Amorfa con pequeiios
grupos laterales de
metilo
Poliestireno 8000 150 Amorla con grupoes
laterales dcrbcnceno
Cloruru de poliviailo 9000 - €00 Amorfa con grandes

atomos de cloruro
: como grupos laterales

‘

Se pucde concluir que

{a) La ramificacién, que reduce la densidad y la compactacion de las cadenas, reduce las
propivdades mzcdnicas del polietileno.

(b) Adadivndo dtemuos o grupos diferentes del hidrégeno a la cadena, se incrementan la re-
sistencia v la rigidez. El gropo metilo en el polipropilene proporciona alguna mejoria.
¢! anillo de benezno del estireno proporciona mejures propicdades v el 3tomo de clorure
=i cloruro de peiivinilo proporciona una gran miciora en las prasiecades merdnicas

Resistencia Modula de

a la lension Elnngacign elastic:dad
Poliracro (psi) (%) (kst)
Termoplisticos por adicidn lincales 3000-12,000 5-800 40-500
Termopldstcos por condensacién lincales  8000-17.,000 10-300 250-600
Polimeros termeostables 4000-15,0C0 0-8 500-1,600

Los polimeros por adicién lincales tienen la menor resistencia v rigidez pero la mayor
ductilidad. Los termoestables tienen la mavar resistencia v rigidez pero son (ragiles. La
mayoria de los termoplisticos por condensacién lincales tiene propicdades intermedias; su
estructura molecular es normalmente mis compleja que la de los polimeros por adicién,
pero no estin ligados en forma cruzada como los termoestables.
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PROPIEDADES DI 105 MASTICOS *
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TABLA 42-3  (continuacién)

i Afddulo
Resistencia ; de
a la tension elasticidad Densidad
Polimero . Estructura (ps1) Elongacidn (%) (ks1) (g/cm’)
Poliimida 11,000-17,000 8-10 300 1.39
o] H Q
L & w
rd M
——N\ ) /N
C e
H H H .
& o LH T
TABLA 42-3 Unidodes repelitivas y propiedaces para termopldsiicos lipicos Que lienen esiructuras de
cacenc ccmplicadas
Mudulo
Reststencia de
a la lensian clasticidad Deniclad
Pulieen Ftructura (,b\l.) f‘.'fun_gnrr'.‘;r.l (r{_) (1‘.\{) (_[:/('m,)
}"{ H I-li r
b I X ¥
Puoliéter —C—0—C—0—C—0—-~ 9,500-12.000 25-73 520 1.42
(acctal) | | |
H H H
Poliamida 11.000-12.000 50-200 +00-300 1.14
favias”
- . = = B us =5 .—f.'".'?.-{
— —c—énC—-:—c.-.\—r'.—c—?—ti:—(i:—c—_\“—-‘-
{ & 1L & 4 | i
9 H H H H H H HHH
Poliéster §.000-10.200 20-300 400-500 1.36
(ducrén)
H o] @] H K
1 u P10
_...(l:_o_c C"O'—(':—(,‘—OH"
H H H
Policarbonato 9.000-11,000 110-130 300-400 1.2
H—Cil-—H 0] -
1
Ngiteaas
H—-?—H
H
Ceclulosa 2,000-8,000 3-50 2C€0-230 1.30
H H
| [
7 1
|
c——=C
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TABLA {12-5 Grupos tuncionales para varlos polimeros lermoesiables
Afodulo
Resistencia de
) a la lension clasticided Densidad
Polimers Estructura . (pst) Elongacian (%) (ksi) (g/em’) :
\ H
|
(o]
H H
Fenélices ~5,000-9.000 0-2 400-1300 127
H H
H
T H H
Aminas \_N/ 5.000-10.000 0-1 1000—1600  1.50
Mgy |
) c .
7 .
: N Melamiina
| I
H G ¢ H
N W N S
o™ N N
r 4 X
H H r
H @] H
LY
N—C—N Urea
o4 -
E 5
il O
| || . HhER ) [
2oliéstere: e s B e B s S R R it ESS R Lo
H O O H
Nt N ] L NS 2
Epéxicos C——C—R—C——C 4 .000- 15,000 0-6 400-500 1.25
vy 4 R
H H
11377
. s ;
Uretanos H—O—-C—;\'v—R—N-—(il—-O-H 3.000-10,000 3-6 1.30
|
H H
H
P
H (0]
N
H C
Furanos N\ 7N -
c=c\ H 3.000-4.500 1530 125
0]
7
C=C
/- N
H H
: H
| I
(i) H—C—H
Silicones --—s’.——o—é-._o_.-- 2 g " ’ ,




rABLA 412-4 Unicades repelitivas y propledades de algunos elastdmeros
|
i

Resistencia
_ - a la lensiun, . Densidad
| Pulimero Estructura (psi) Elongacion (o) (g/cm’)
i
. H H—C—H H H
Paliisopreno | | I i 3000 800 0.93
..__(I:—C__C_(l‘._.....
. H H
! H H
I
Polibutadicno B O L B 3300 0.4
L &k 1 3
|,‘ 4 3 H H
H H -
I
T H—C—H H T H H—(IZ-—H
| i
{Poiibutileno (;;——-—C=C—(|:-r(i:——-—(1: T 1000 330 0.92
¥ i H H-—-C—H\
': i
! o S
Policloropreno C—C———-fL—C;",— 3500 g00 P2
(neooreno) ! - [
H H
[ B B R !Ii T
. - y & 1 | 5002
Butadieno-estireno . - 600-3000 600-2000 1.0
{caucho BS 0 SBR) \Ci: o (i: (l: c
LH H_"Hé
# H H HIH H
L1l )
Butadieno-acrilanitrilo (I:“"C=C_'Cl: ?‘_‘?— 700 100 1.0
{H H]H C=N
L
H-—(i.:-—-H H—-C‘Z-—H H—C—H
Silicén =S e) Si o) Sj—-..  350-1000 100-700 5

| l l
H——(l:——H H—C—H H—(II-—-H




Meros y las propledades de algunos lermopldsticos producidos mediante pollmerizocién

TABLA 12-2
por adiclén
Midulo
Resistencia de
a la temvion . elasticidad | Densidad
Politnero Estructura (psi) Elungacian (5¢) ] (ki) -~ (g/en’)
5 H H )
Polictileno [ ]
baja densidad (BD) o C—C e 600-3.000 50-800 15-40 0.92
alta densidad (AD) [ ] 3.000-5.500 15-130 60—180 0.96
H H i
I
Cleruro de polivinilidgno —C—C—- 5,000-9,000 2-100 300-600 1.40
' )
H H
H H
Polipropileno —‘Ii (i"-— $:000-6,000 DR 163 -220 00
H H——?-—-r{
H
HoOH
dciiettizane _C—‘?_ KRR Vb -2t S3G—30G
H N
~
H E
i |
e G
Polimetiime:acrilato }L (l:=o 6.000-12.000 2-5 350—+430 129
(Plexiglass acrilico) |
7
H—C—H
I
H
ll'{ Cl
| — .
C]omro de po“\'in”o —C——C—— 3.500-5.000 160-240 50-480 115
3 |
H Q
f €l
Policlorotrirluoroctileno -—C—-(J:—- 4.500-6.000 80-250 150-300 2.15
| :
g E
F F )
Politetraflucroctileno i ] 2.000-7.,000 100-400 60-80 2.17
(teflén) '—?‘—(I:‘—“'
F F

e
-
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POLIMEROS POR CONDENSACION.




EJEHPLO
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ABLA B.3. PROPIEDADES MECANICAS DE LAS ALEACIONES LIGERAS NO FERROSAS*

Fibeiin Médulo Nime. | [imite de
C leid cla a 12 | Resisten- [de elastpg clento| Restaten- | 10 de [fatgapara Peso,
Aeacldn ‘""2;" cd 2 cedencla | tia aifa cidadenl 40 Llon.| cfa a1 |duscz:| flexdones Ib/plgs
apros ml:lz. Lok terrsifn: te;;én.“dén el 1Corte: de |[revertdase
porcentaje e nalBit 1b/plee st 2 plc 1b/plg | Rock. Ib/ple’
1b/plg: *l mel
Jeaclén de aluminlo 2024: Aluminlo 93; cobra 4.5: )
Temple © magnesio 1.5; manga- 11 000 27 000 oo V] 18 0O Huo 13 000 0.100
Temple T36 neso 0.8 57 000 72 000 10.4 13 41 00 -}.1¢] 18 ¢ 0.100
eaclén de aluminio 2014: z )
Temple 0 Alumislo 83; cobre 4 [ 4 009 | 000 | 1000 13 oo | Moz | 13000 | 0.102
Teraple T6 tice 0.8; manganesa 1 50 000 70 000 10.¢ 13 42 000 | Bay 18 000 0.102
0.9: magnesio 0.4
Jeicidn de aluminls <052
Temple C Aluminio 97; magneslo 2.5; 17 000 28 000 10.0 30 18 CCo ez 16 C00 0 026
Temple H38 } cromo 0.25 { 37 000 32 Cvo 10.0 8 74 coa | E&3 20 000 0.096
Jexcien de aluminio 5456: Al g ign %5S
Temple © ] ;‘g““"‘ e "'“f]"., - { 23 000 45 000 2 BT | e | avennes 0.032
e .0; maganeso 0.7; ¢ s 16 oA o (VR | 0.092
Temple H121 Yoe 018 ctiE 049 7 000 51 000
eacién de aluminio 7075:
;cmp:e 3'5 Aleactén 90:; cine 5{.5; [ i% 0o 331 060 (5 21 400 6
emple cobre 1653: magneslo 2.5; l 23 000 & 000 1 1S 000 1190 23 000
leacion de magnesio AM100A SRR ¥ r
Tundleldn, condiclén F
e, condlete, S }| Magnesto 90 aluminto 10: [y 12 000 | 22000 | 6.5 2 13000 | Bt | 10000 [ 0.06u
ik SRS manganeso 0.1 { 22 Quo 10 000 6.3 : 21 oco | Es0 10 000 0.0C0
leacidn de magnesio AZ63A: ’ )
Fundicién, condicién F } Magnesio 91; aluminio 6; 14 000 79 000 6.3 i 15 0CQ Ez9 11 000 0 0O6Gh
Fundicién, condiciéa TS5 c¢ine 3; manganeso 0.2 { 19 000 40 000 G.5 ) 20 000 E3} [0 ] 0.006
!
piedaces 2idsticas c2 matzriales rspresentauves,
mperalura ardinaria
Madulo Rigidez especifica
Youny Pelacidn B
Matesial E. 10 Nim*! de Poisson.»  16% N - mikg!
fito e 5¢C00 TASLA -3 Reicci®n enlre el
lales de ALLQ, tzaflire) médulo ce alcsticidag vy Ia
OTUI 230 330 iemperciurg ce lusién da o melcles
? 125 1c = =
120] 3 3 lenzoretzia de MAzle Ao
l} ‘4 3 120 _[:um'.‘. cletezidad
45 0.21 190 \ta! (z) (p2i)
huro sinterizadn (W (C) 65 .0 1R
20-cerdmico 10 .23 a9 Ph 0 VG % 19
rio de silice 8 R 32 Mg 630 R.3 = |U"
. 33 P A 30 0.0 < |9
wiones de aluinio 7 nE3 2K l oat: .G e 1Y
" ) 0.28 25 Ag 962 A g 1o
A : o - Au 105 113 3 10¢
gsteno 3 23 21 Cu 1035 18.; = 1u°
dera (tipical: Ni 1433 299 x 10%
longitudinali >l ~0.04 i6 Fe 1333 30.0 x 13"
radial 0.07 ~0.3 i Mo 2610 434 % 1P
g 5 L - sl W o e
tangencial 0.06 ~0.3 1 i 3410 54.5 = 1nf
aciones de cobre 12 033 i3 = =
n (nylon) 0.3 0.48 3
etileno 0.04 . 0.4

{Para coavertic Nfm? en kglicm?, multipliquese por 1.020 x 1073y 2n Wipulg™. por

x 104,

| tPara convertiz N mikg en kgl * mkg. multipliqu

{01,

eze por 9.80 y en !'b - pulgilb, ...

—



TABLA {3-2 Piopledodes de clgunos malaricles ralorzados con libras

Kesstencia Modduly de Temperatura Aedulo Hesistencia
Densidod o la lenyiun clasticidad © dr fusivn e1pectfico epecifica
Moaierial (g/em?) (k) ( x 112 pii) {*G) (ix 10eply) ( x 1A ple)
Vidrio F. 2.5% 500 10.% <]172% 11.4 5.6
Yidrio § 2.50 : 650 12.6 <745 14.0 7.2
S0y 2.19 850 10.3 1728 133 10.8
AlLO, 3.15 300 25.0 2015 21.9 2.6
2r0, 4.84 300 - 50 2677 28.6 1.7
Grufito HS 1.50 100 40 3700 74.2 7.4
(alta resistencin) : 5
Calito HM 1.50 270 77 700 148 5.0
(alto médulo)
3N 1.0 200 13 2730 18.8 2.9
3om 2.36 500 55 2030 &4.7 4.7
B.C ¥.36 330 70 2420 ) 82.4 3.9
SiC 4.09 e g 2700 47.2 2.3
Tih i43 3 P 2980 43.3 e
8¢ 1.8 135 44 1277 P 2
W 19.4 580 39 3410 3.5 .3
Mo 10.2 320 32 i 2610 14,1 d.g
Kevlar 1.44 5235 18 34.7 10.1
1Vainders
de Al i 1.96 000 62 1982 434 21.0
de Be) 2.83 1900 50 2550 418.5 18.5
de B,C 2.532 2000 | 70 2450 76.9 22.1
de SiC 3.18 3000 70 2700 60.8 26.2
de Si,N, 5.13 2000 53 - 47.8 17.5
de gralito 1.66 3000 102 . 3700 170 50.2
de Cr it 1290 15 1890 18.4 4.9
de Cu 8.92 427 18 1083 58 .

Adlapackrche L | Hicetonnann, “*Nia lunos al Pasaciins od Filwer Keinksvod 1™, Compesd Bazymaine lamisesn, (il G 1 D, Tlae MLLT
I'asa, 1t
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PARTE 2 — Crrmdmicas (Tomados de medios numcroso-a')u—_m__h_'
s
. 'C?én;::fctiﬂj:d- Expansién | Resistividad " Médulo de.
Kstevsal Gravedad aalem térmica en eléctrica en elasticidad
Sas especifica — plg/plg/°C ohm'cm promedio,
*C-cmtseg a 20°Ct a 20°C} lb/plg? a 20°C
a 20°C+ A
ALO, 38 007 LX) 5% 100 - 50 X 10°
Tabique :
Edificio 2.3(x) 0.0013 5% 100 - T —
Arcilla fuego 2 0.002 25% 10~ 1.4 % 104 =
Grafito 1.5 o 3 10-°¢ _ -
| Pavimento 2.5 s 2% 10-% - _—
- Silice 1.75 0.002 — 12 ¥ 108 =
Concreto 94548 0.0025 7% 10-0 — 2% 10°
Vidrio
Plancha 2.5 0.0018 X 106 1044 | = \
Borosilicato 2.4 0.0025 1.5%x 10-° — 10X 0%
Silice 2.3 0.003 0.3 x 10-° I 9 ', 10 X 10°
[Vycor 2.2 0.003 0.35 5 10=8 - :
Lana 0.05 0.0006 — s ! —
; I
Grafito (bulk) 1.9 I —_ i 5 g ] 5 1 X 106
MgO | 5.6 i — . 295 L=r 10% (2000°F) ; 30 X 107
Cuarzo (SiO,) i 285 0.0 ! 7% 108 | — | 43x 100 !
sic | 34 0.029 {  23x107% | a3(000F) | —
TiC [ 43 | 0.07 : 11X 10-8 50 X 10-°¢ | 50X 10°
PARTZ 3 — MATERIALES O08CGANIces {Tomadcs <e nurmerosos rmedips ),
: Conductividad - - i oo . .. :
5 ot e Expansidn . Resistiviesd Moculo ce !
. " | Gravedad . Q;:_li,c__l " térmica en ! eléctmica en alasdcidad
Materizl | especifica | = pig/plg/*C | ohm-cm ; promedio,
5 |  *Cem?seg 2 9p°C} ; a20°C: i 1b/plgs a 20°C ;
: ! a20‘cs i : :
Melamina-formaldehido  © 15 | 00007 13X 1079 | i3 PRt |
Fenol-formaldehido | 1.3 . 0.0004 o 40x107¢ i | 0.5 x 10% i
Urea-formaldehido i 15 0.0007 i 15 X 10~° , 104 | 1.5 X 10° 'i
Hules (sintéticos) 1.5 0.0003 :' = — | 500-10,000 |
Hule (vulcanizado) | ag E 0.0003 ¢ 43X 1078 1014 05X 108 |
Polletdlenc ' ! 0.9 | 0.000s : 100 X 107¢ 19t3 ii - l
Poliestireno 105 0.c002 P g8 X 10~ 10'$ i 0.4 X 10%
Cloruro de polivinilideno 1.7 ) 0.0003 . 103 X 10~¢ igh= -~ 005X 108 i
Politetrafluoroetileno 2.2 ! 0.0003 ; 38 X 10=° 101 — |
Metacrilato de polimedilo g 0.0003 b 30 % 107 10'6 | 0.5x 106 l
Nylon 115§ 00006 35X 1071 10" Poo0ax 105
fultiplicar pot 0.806 para teger B:u-plg/ F-pici.seg. t Muluplicas por 1.8 para tener em/cm/"C. I Dividir entre 2.54 para tener obm -plg.




" TABLA 10-8 Designoclones de grado.de endurecimlento para aléaclones de cobre

Hxx—trabajada en frio. (xx indica ¢l grado dec trabajo cn frio.)

Reduccidn porcentual en
cspesor o diametro

HO! { dura 10.9
H02 | dura 20.7
H03 1 dura 29.4 -
HO04 dura 37.1
HO6 extradura 50.1
H08 de¢ resorte duro ‘ 60.5
H10 de resorte extra 68.6
H12 de resorte especial 75.1
H!+ de superresorte 80.3

Maxx—ral como se manufactura. (xx se refiere al tipo de proceso de fabricacion.)
Oxx—recocida. (xx designa el método de recocido.)
OSxxx—rccocida para producir un tamafo particular de ¢rano. (xxx s¢ refiere al didmetro dol
grano en 107 mm. Por tanto, OS025 sehalaria un didmictro de grano de 0.025 mm.)
TBOO0—tratada por solucién.
TF00—ecndurecida por envejecimiento.
TQxx—templada y revenida. (xx da detalles del tratamicnto térmico.)

TABLA 10-9 Composicicnes, propiedeces y apliccciones ce clgunas cleaciones de niguel y cctello

Revistencia Esfuerzy de )
a lu trnsion Jluencia Elongacidn
Material (psi) (i) (%) Aplicaciones
Ni puro (99.9% Ni)
Recocido 30,000 16,000 435 Resistencia a la
Trabajado ¢n [rio 95,000 20.000 4 corrnsién
.\ion.cl 400 78.000 39.000 37 Vilvulas, bombas
(N:~3l.5‘_§'& Cu) cambiadores de
Superaleaciones de Ni calor
Hastelloy B-2 130,000 £0.000 61 Resistencia a la
(Ni-28% Mo) corrosidn
MAR-M2486 : . 140.000 125,000 3 “Motores de reacceidn
(Ni-10% Co-9% Cr-10% W + Ti, Al, Ta)
DS-Ni 71.000 +3.000 14 Turbinas de gas

(Ni-2% ThO.)
Superaleaciones de Fe-Ni ™

Incoloy 800 89.000 41,000 37 Ca:nbiadores de calor
(Ni-46% Fe-21% Cr)

Superaleaciones de Co

Haynes 25 135.000 65.000 60 Motores de reaccién
{50% Co-20% Cr-15% W-10% Ni)

Estelita 68 . 77.000 103.000 4 Resistencia al desgaste
(60% Co-30% Cr-45% W) por abrasién

Datos de Metals Jandbood, Vol 3, Ya. odi, Arncerwaa Scciny ke Meals, 1980,
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TABLA 10-4 Electode los mecanlsmos de endurecimlento en el aluminloy en las alecclones ;
de cluminio 3 i s

Reststencia Esfuerzo A .. ;;
) a la tmsién  de fluencia Elongacion Esfuerza de fluencia (aleacidn) '
Material (psi) (psi) (%) Esfuerzo de fluencia (purc) f-;
Aluminio puro recocido 6,300 2,500 60 ) :
‘ (99.999% Al) :
Aluminio puro comercial 13,000 5.000 45 .20
(recocido, 99% Al) )
Endurecido por solucion 16,000 6,000 35 2.4
solida
(1.2% Mn)
Aluminio puro trabajado 24,000 $92.000 15 8.8 :
en [rioun 73 % i
Endurccido por dispersion 42,000 292,000 35 8.8 |
(5% Mg) i
Endurecido por ¢
cp\'_cjccimicnlo 83,000 73.000 11 29.2 :
(3.6% Zn-2.5% My) !
* Datos moditicados de Metals Handboek. Vil 2. Gu. «d., American Society for Metals, 1979, i
( ' . :
| ]
i
|
TABLA 10-7 fPropieccdesds aleacioneslipicasde cotre ootenidcs per Cilerentes meaccnismescea
endurecimiento
fesignacion de Resistencia Estuerza v Lianga-
prado de a la lension Sluencia ctun Mecazismo de
Material endurecimiento (pst) (psi) (‘%) endurecimiento i
Colire puro, recocido 30.300 +.300 60 l'
Cobire comercialmente puro. 05050 32,000 10,000 35 :
! cecocido para engrosar ;
\ ¢l tamano de grano i
‘ Cobre vomercialmente purn, Q350935 34,000 11,000 55 Tamaio de :
recocido para alinar grano ‘
el tamafo de grano ' . 3
Cobre comercialmernte puia, Hl0 . 57 3
trabajada en frio ’ ey 53000 1 tndurecimicnto por 3
Cu-33% Zn recocide P 05050 47.000 - dclormacion ;
g .- et . 15.000 62
Cu-30% Ni tal coma sc 1abric: M2 53 =
; . ) — . e 20.000 45 Soilucian solida
Cu-105 Sa recocvido 05035 66.000
5 5 N - 28.000
Cu-35% Zn trabajudo en frio H10 68 -
98,000 63.000 3 Solucién
Cu-30%% Ni trabajado en Irio H8 - solida +
= 1 " 84.000 79.000 3 Endurccimicnto por
Cu-2% Be endurecido por s deformacién
m\.cjcc;c,:icmol' P TFOO 190,000 175,000 4 I-anun:_ccicr_r::'i::‘c:opor
. envejeci
Cu-Al templado y revenido TQSs0 110,000 60.000 5 Rcuccién
3 tnartensitica
Manganeso bronce fundido F 71,000 28,000 30 Rcaccidén cutevtoide

Datie de Meal Handbood, Vi, 2, Ya. cxl., Americun Soiety o Matals, 1979,
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Ixx.x  Alum. coirercialmente puro No cavejecido
2xx.x Al-Cu Endurecible por envejecimicnio
Ixx.x  Al-Si-Cu 6 Al-Mg-Si Algunas son endurccibles por
envejecimicnto
ixx.x  Al-Si No envejecido
Sxx.x  Al-Mg No envejecido
7xx.x  Al-My-Zn Endurecible por cnvejecimicnto
8xx.x Al-5n Endurccible por envejecimiento
TABLA 10-3 Propiecades ce algunas aleaciones ce aluminio
Resistencia Esluerzy de
a la tensign Muenciz Elungaciun
Afraciaz {351 (v () Comenzarias
Alcaciones para forja no tratabics
térmicamente
1100-0 >99% Al 13.000 5.000 40 Componentes cléctricos, hojas
1100-H18 24.000 22,000 10 metilicas finas (" papel™),
3003-0 1.2¢% Mn 16,000 6,000 33 resistencia a la corrosion.
2003-H18 ’ 29,000 27.000 7 Lawas para bebidas, aplicaciones
4043.0 5.95% Si 21.000 10.000 22 arquitectonicas.
5036-0O 5% Nig +42.000 22,000 35 Metal de relleno en soldadura,
5056-H13 60,000 30.000 13 recipientes, componcntes
Aleaciones para forja tratables marinos.
térmicamente
2024-0O 4.4% Cu 27,000 11,000 20
2024-T'4 68.000  47.000 20
4032-T6  12% Si-1% Mg 55,000 456.000 9 T'runsportes, acrondutica,
6061-T6 1% Mg-0.6% Si 43.000 40.000 13 astrondutiva v otras
ST T075-T6 5.6% Ln-2.5% My 83,000  73.000 1\ aplicaciones de alua resistencia.
Aleacionces para [undicién ) _
295-Th 4.5% Cu-03% S 36,000 24.000 5 Arena
319.F 6% Si-3.5% Cu 27.000 18.000 2 Avena
34,000 19,000 150 NMolde permanente
156-T6 7% Sv-0.3% Mg 33.000 24,000 3.3 Arema
33.000 27.000 3 NMolde pennanente
380-F 8.5% S5i-3.5% Cu 46.000 23.000 3.5  Nfolde permancente
390-F 17% Si-4.5% Cu-0.6% My 41,000 35,000 1 Coquilla
443-F 5.2% Si 19.000 8.000 8 Arcna
23.000 9.000 10 Molde permancente
33.000 16.000 9 Coquilla
713-T5 75% Zn-0.7% Cu-0.35% My 30,000 22,000 4 Arcna

TABLA 10-2

Sistema de ceslgnocldn para las aleaclones de cluminlo

Alecaciones para forja

1xxx  Alum. comercialmente puro (>99% Al)

2xxx  Al-Cu

Jxxx  Al-Mo

4xxx  Al-Siy Al-Mg-Si
Sxxx  Al-Mg

Exxx Al-Mg-Si

7xxx  Al-Mg-Zn

Aleaciones fundidas

No envejecido
Endurecible por envejecimicnto
No cnvejecido
Endurecible por envejecimicnto
si hay magngsio presente
No cnvejecido
Endurecible por envejecimicento
Endurecible por cnvejecimicnto

Daten mexlificadim de Alctels Headbowd . Vid. 2, 93, «d.. Amcrican Suciery ke Metals, 1979,




TABLA 10-10 Propledades de clgunas aleaclones de lllanio
Reststencia Esfuerza de A
a la lension Sluencia Elongacion
Afaterial (psi) (psi) (%)
Titanio comercialmente puro
99.5% Ti 35,000 25,000 24
. 99.0% Ti 80,000 70,000 15
Alcaciones Ti alfa s @,
5% Al-2.5% Sn 125,000 113,000 15
Alcaciones Ti beta E
13% V-11% Cr-3% Al 187,000 176,000 S
Aleaciones Ti casi alfa
8% Al-1% Mo-1% V 140,000 120,000 14
6% Al-4% Zr-2% $1-2% Mo 146,000 144,000 3
Alcaciones Ti alfarbeta
8% Mn 140,000 125,000 15
6% Al4% V 150,000 140,000 8.
Datus de Meraly Handdoud . Vol 3. 90, .. American Sex wiv for Mo, I'J;HL - . o
TASLA 10-14 Propiedades de metales relractarics ‘
‘ Tenperatura aminente T = 1000°C
| Temperatura Resivtencia Esfuerza de Kesistercia Exfuerza Ae
de fusion Deavidad a lu lensian lueneta Flunsec iun a lu teasion [uencu
Metut {*c) (2fem?) (i) (i) i) (r:id (i}
Nb 2470 5.53 20.000 25 17.000 s iy
Nio 25i0 s i 20.000 0,065
T 2eeh .20 , 33 B0 3= wIEL0 21000
W LS 1993 300,000 290 O : G0, 13809
PARTE | — MEzZTALES (Tomados de mecdics numerosos)
: i e ' |
| | Conduetvidad | Expansion | Resisuvidad | Médulo de
| ) : ) 1 enl'x:u 2 ‘ térmica ! eléctrica en [ clasticidad
Material | Densidad | casem | plg/plg/°F i ohmem l promedio,
: *C-cmi-seg 220°Ct i agoree | 1b/plg® a 20°C
| a 20°C* | i
I B!
—] = i B | s ey
minio (99.9—) ! 27 0.33 I 123X 10-¢ | 2.9 3¢ 10~ I 10 X lOf
wciones Al | 23 0.4(=) 12X 107° : 3.5 X 10-8(=) | 10 X 10°
bn (70Cu-30Zn) i 8.3 - 0.3 : 11 X 10—: | 6.2 X 10-2 ' 16 X 10:
nce (95Cu-5Sn) ! 8s | o2 | oxi0- ] esxi0 | 16x 10
: - -6 7 ~& ! 16 X 108
e (99.9+) 5.9 ! 0.95 S A s ! 1-: - ;g_g i 29 X 10¢
mo (99.9+) l 787 l 0.18 6.33 X 10 l 9.7 X i -0 :
. 16 X 10— 20.65 X 107° 2X 10
mo (99 +) ] i ! ) 14 X 10-¢ . 4.5 X 108 6.5 X 10°
‘gnesio (99+) . | g'g’; 8 % 10-8 i 48.2X 1078 i 26 X 108
Ine -30C | 3.8 : I 3 108
| (7TONi=30Cu) . _ 1 5 % 10-5 |  18%10-8 | nx
ta (sterling) | 104 :



TABLA B.1. PROPIEDADES MECANICAS DE LOS METALES
NO FERROSOS *

Midulo .
Resistonclt | puizencts |ge slasticle | Docctbn | 0 & Peo, 2
el als sl |y pavide] dad en a 1 pl. e b/ ptes-
por tastdn o ugt | tmage | poccestake -
/et 10% 1b/pl3? Brizell %

O, 0.25 ¢ pacsa:

Reoocidos prmo & 0.05 10 000 32 000 18 45 47 n.3%0

DErD i cans s any 45 000 50 000 16 12 103 0.120
Niged:

Boledo 43 allete......... 25 000 75 020 30 43 1o 0.310

LRCED BEIOL.cvsiopmiiminsnisin 120 000 140 000 30 2 0.31y
Clne:

T T L T, R 6 0CO 1 1 0.2r0

Lioloa roleds dzra .o.nn.. § 000 24 000 1z as 0.0
Mcaielo:

Yicado ea wex, 1100-F .. G 000 11 000 9 2% 0.C87

Umi=s recosids, 1100-0 . 5 000 13 000 10 5 o 0.097

Limlm ¢z, 1100-RIS. . 21 000 24 00C 10 5 44 0.097
Magnesio:

s T L T P (00 13 0ca [ q 50 0.0r3 .

Btrddy e emeims s 1 200 28 000 [d 8 a5 a’cna

Rotadds: .. ok JiSee e 25 000 6 4 40 0.063

[izLAa B.2. P3Z0PIEDADES MECANICAS D& LAS ALEATIONES PESADAS NO FZRRCSAS ©

N Resisten- | : Médulo |Porcien- . Aldre. |
: _— i Resis- |de elasti- Resjs- | [lame-
5 Composicidn g::tic;:-;ci:iaa tencly ec?dasdl fo ds tencia | 0 de | Peso,
eneion ! aproximada, gy ala por ten-| elonga- al cureza| Ip/plg:
! purcenta)es pscic'm 1 tensidn ¢jdn, 10| cidén en corte, Ru_c%{-
i Ib/plg: 1 P/Plg* | 1b/plg: | 2 plg | I1b/plg?; viell |
PR | e l
Fmpi;;a s S Gt ok aloe 15 000 | 49 (o 12 51 30 000 | FoR 0.30
duro 15% de reduccién %;E plbr'noc3 -!5)1 10%) 56 (M0 12 ) 33 (0 ne2 0 30
lo duro, 25% de reduccién ! SEAN Y 65 00 14 14 38 000 | Bxo 0.30
0;onln.l:g contcmdt): de plomo
04 plg de grueso): . = ; I = ’
: 05 | Cobre 65; cinc 33; 15 000 47 000 12 55 13 000 | Fee 0.30
k::éi&;ocrano de 0030 mm }l plomo 2 { 62 0w ¥3 X 15 3 45 0w | Ds7 0.30
rojo (0.04 plg de grueso): s | )
i .070 mm}: ke = 10 oo0 | 39 0RO 12 38 ki | Fo6 0.31
mi‘;’é ei’;?fc’duf‘: i }: Cobre 85; cinc 15 { 61 oo | 78 0 15 g 14 000 | Bs3 0 31
al aluminio: ! %o s
 Cobre 89; aluminio 25 000 a0 Fosoe 11 R 0.30
e Sy mene i "8: hierm 3 {3 S T 1N . T ettt [ 0.0
al berilio: Cobre 97.9: berill P70 o= IN 23 ;
(solucién recocica) H T piquel Srﬂ.i’ ° 1507000 200 000~ | 18 B e 2‘-’2* o
I. endurecido i 2 Nl %2 0.32
al manganeso (A): Cobre S58.5; cinc 39;|( . & - :
L] o A0 000 U3 0on 13 13 42 000 B63 0
. hierro  1.4; tano . 3 ) e = 3 .39
uc:':(ilgﬁ suave, duro 15% de] 5 manzmcéc:so?ln { 60 (XN N2 oo 15 25 47 q;u | By .30
al fésforo, 5% (A): | ek " - - o I3 .
ocido, grano de 0.035 mmj}! Cobr=s 95: estafio 5 { 0 8::; 31 {::} i;‘ "é ------ R‘;; f;:'-;
!;}du:lo. gr;%no de 0.015 mm = teeees ' 0.52
quel, 30% : ) ) = 5 . :
{do a 1400°F. Laminado } Cobre 70: niquel BU{ Tg gm ig 3:‘}8 22 *::: ...... E:‘{ ggs
frio, 50% de reduccién - l i e i




ABLA {04 ~Compoticiones v propledades de dlbur’\'os aceros Inoxidablas

Resistencia Esfuerzo de
; a la lension Sluencia Elumgacion
[1 Atero % 0 % Cr % M Otros (2s1) (psr) (%)
-
ustenftico
201 0.15 16—-18 3.5-5.5 55-7.5% Mn 95,000 15.000 40
304 ; 0.08 18-20 8.0-10.5 75,000 30.000 30
304L 3 0.n3 18-20 8-12 75.000 30,000 30
521 Nn.08 17-19 9-12 Tidx %0 85,000 15,000 55
“7 0.08 17-19 9-13 Nb (10 x % C) 30,000 . 35,000 50
errlico .
430 0.12 16—-18 61’).000r 30,000 22
{42 0.12 18-23% 75,000 40,000 20
artensfitico p
416 0.13 12-14 : 0.60% Mo 180,000 140.000 18
431 0.20 15-17 1.25-2.30 200,000 130.000 16
440C 0.95-1.2 16—-18 0.75% Mo 233,000 273,000 TR
recimicnto por
precipitacion
[ 174 0.07 16-14 223 0.13-0.45% Nb 160,000 170,000 10
17-7 (.09 16—-18 6.5-7.8 0.75-1.25% Al 240,000 230,000 6
Mwdilicaks 2 paric de \rals Handbat, Vod 3, Ya, ed, Aoeerwann Soemay hoe Metals, 19030 '
TABLA 40-45 Pfopledc.Ces represanicllvas de lundicliones liplcas
Resistencia Esfuerzo de
a la leasion Sluencia 2
Clasificacion (p11) (pst) 1
| Clase 20, fundicidn gris 12,000-40,000 <l CE>4.2%
Clase 40, fundicidn gris V8.000-34,000 - <]l CE<4.0%
| 85018, fundicién maleable 33,000 15,000 18 Ferrita
90001, fundicion maleahle 103,000 90,000 I Martensita revenida
60-40-18 ‘ lundicidn ductil 60.000 40.000 18 Ferrita
120-90-02, fundicién duacril 120,000 90.000 2 Martensita revenida
Fundicidn de grafito grado B 50.000 40,000 | Ferrita + perlita

compactada




TABLA A. 2. PROPIEDADES MECANICAS DEL HIERRO Y DEL ACERO*
o ) ! | Resl d. B l‘ R I h
eilstencia a
| Reslatencts * | Reststencla | corte por ol by - Lizmita
Eips/plg s la torsién, 10¢ lh/pl Porclento NI:'IMO Méduts d
pa/p cedencla kips/pls’ de eloa- ‘da 9 ae duru:!dn.
Material - ] por e S gacién en | durers | tenacidad
¢ Resls I compresiént. o 2plg | _ds Ib-plg/pig* mymlg
! e la | wid- | Mps/plet i TEYS Ulth | Tensisn | Corte i~ Brizell xips/p
\ ceden- | ma cedenciat| =8 }
iat '
Rt e i R SRR (oot WY SRS DL R
' T 7o L TP LR I s l 20 s i 37 15 6 ’ 1 l 130 80 i 11
fn blanem . ...o..iieecens ! s l [oe] 100 ] 20 8 | . i\ 100 g
n al rfquel, 1.5% de nll : ] '
.......................... | P43 co 20 8 I oy 0 :
S I 1w 13 19 ] i3 25 0 ; 14 40 ¥ s ! 26
en lingotes, recczido. 0.015% ' | ‘ . H
R S T ! S I 21 13 .0 3y = 1 45 70 TR ! 26
torjado, 0.10% de carbono . 0 ; 0 30 e 1 3@ 27 i 10 | 39 160 13 COO | 2
020% de c:\rb-cmo: I . i : i i 1 -y
en caliente .............. Ps0t 60 10 24 | 44 20 ¢ 12 GO 16 300 31
0 TElD: smmnsry S I Y o0 36 ) a0 ! 12 | 15 7 160 12 000 10
jones Tecocidas L......... i 33 1 o i3 21 | a5 30 1 2! 23 : 130 3
0407 de carbcna: i ! | : i ? :
et callenlh: oo anows dpet 2 ! 70 42 =3 55 0 ¢ ¥ 25 1 135 H
lento térmico para grano i ' i i L] :
....................... 2 0 -~ wo | 0 it 5 30 @ 13 g &5 ¢ 190 !I
lones recocldas .......... ¢ 3 . ss s | a2 ! oas 3. 1 2 13 13479 i
60% de carbono: : - I ] : .
en callente ....... . .... ; 6% . 100 [ 63 37 s0 30 12 ! 13 i 200 12 3¢) i 50
i dtosie v vl IR B a luwe| a0 ;g w | ms | weo . @
080¥ de carboro | 3 ' ! l
en callents . oowpeng s ! B . e 73 =) o10s 30 fa o I
do en aceite, po laminada .. 123 150 ! 125 L 30 = 2 o
W% de carbono: f i 3 X ; e ey
en callenie .o i - 135 | 3 = L0 T 118 19 2 e : o ! ooy o i
do cn accite. no lamu:n:‘: S e 135 33 - . 28 ) ! : cs 28 el
nfguel, 3.3 de ni 1
de caroono. maxima du i i i i i | ; =
naquinabilidad ........... ¢ LA e B ) : 20 F 1:0 | W oo tus0 | 14 e 3
al ;ilicnrn:nz:ne:o.v 1.35% : ' : l : I : ;
Paca oz'c'?;r‘-:zsdh SR ! A3 g 136 i 73 b 8% [ %0 i 1 : 350 ] 21 050 |

T o e T e e e e e e it e et o

La mayoria de los acreros &cpendcn tanto del tratamiento térmico corco de su cocrmposicién para desarrollar propiedades mecinicas pas

TABLA AZ. REQUERIMIENTOS PARA FUNDICIONES DE HIERRO GRIS *

T[Ca.rr.::l. de ruptura por flexién al centro, minima, libras
Claze 1 Resistencia !
No. i 2latensién 0.875 plg de 1.2 plg de 2.0 plg de
lb/plg: diam, claro diim, claro diim, claro

de 12 plg dc 18 plg de 24 plg

ap 20 000 900 - 1800 6 000
25 2S5 0G0 1025 2 000 6 BOO
30 30 G0 1150 2200 7 600
35 335 c00 1275 2 400 8 300
40 40 000 1 4C0 2 600 9 100
S0 50 000 1675 3 000 10 300
60 €0 000 1 1925 ! 3400 12 500

H .

* Basado en ASTM A 48.
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80 |92.0]86.5(96.5/92.0(87.0{1865 — b —_
79 |191.5/85.5{96.3{91.5/86.5(1787| — —
78 |91.0/34.5|96.0{91.0(85.5|1710
.77 190.5|84.0|95.8190.5|64.5{1633 — —
76 190.0(83.0{95.5{90.0|83.5({1556; — —
75 189.5182.5/95.3|189.0|82.5(1478| — —
74 189.0/81.5/95.0|88.5|81.5]11400| — —
73 |88.5|81.0|94.8]88.0|80.5;1323| — - o~ o
72 |83.0|80.0|94.5|87.0|79.5]1245] — v i

71 |87.0|79.594.3|86.5[78.5{1160|-— | O 5] =
70 |186.5|78.5|94.0}86.0]77.511076| 972| < Z | 953
69 |86.0|78.0|93.5(85.0/76.5{1004| 946 . 949
68 [85.6/76.9(93.2|84.4|75.4| 940 920 l 945
67 |85.0|76.1/92.9|83.6|74.2] 900| 895 942
66 |84.5(75.4|92.5|82.8{73.3| 865| 870 | NA 938
65 |83.9|74.5192.2|81.9|72.0( 832 846 739 934
64 |83.4|/73.8{91.8|81.1/71.0]1 800| 822 | 722 S30
63 [82.8173.0191.4180.1169.9] 7721 799 | 706 926
62 18?_3 72.2]91.1|79.3|168.8| 746| 776 | 688 | 822
61 81.8(71.5|90.7|78.4|67.7| 720[ 754 | 670 917
60 [81.2]70.7|90.2|77.5|€6.6| 697| 732! 654 NA | 913
59 |80.7169.9/89.8|76.6|165.5| 674l 710 | 634 351|909
58 |80.1/69.2]89.3|75.7|64.3] 653| 620 | 615 3381904
_5_7 79.6168.5188.9|74.81€3.2] 6331 670 595 3251800
556 179.0167.7|88.3173.9|62.0| €12, 650 | 577 t1313!896
55 178.5166.9187.2 73.0169.9| €9si 63C | 560 i 301 I 891
54 .78.0166.1187.4|72.0159.8| 577| 612 | 543 § 292: 857
B3 ]77.4'55.4!86.9”1.2 £38.61 560! 594 | 525 i 2831882
22 175.8164.6]86.4]70.2127.4| 544| 576|512 1273|872
51 176.3163.8185.9|69.4;55.1 528| 558 | 496 2641874
50 |75.9]63.1}85.5,68.5|/£5.0! 5131 542} 481 2551870
49 |752:62.1|85.0/67.6|53.8| 498| 526 | 469 246 | B65S
48 [74.7161.4(84.5|66.7|52.51 a34! 510/ 455 23818561
47 |74.1]|60.3(183.9|65.8|<1.4| 471| 495 443 2291 85¢
46 |73.67160.0183.5{64.8|50.3| 458| 480 | 432 221 851
45 173.1]59.2:33.0|64.0 d_S_QJ £4G| 466 | 421 2151 847
44 |72.5153.5!82.5|163.1|47.8| 234| 452 409 | 208 | 842
43 72.0!57.7‘52.(“ 62.2|46.7| 423| 438 | 400 i 2011837
42 |71.5156.9/81.5|61.3{45.5| 412| 426 330 1194|832
41 §70.9(£6.2|80.9160.4 44.3] 402| 414 | 381 | 1881 827
40 |70.4]155.4180.4159.5143.1| 332! 402 371 : 1821822
33 169.9/54.6/79.9(58.5|<1.9! 382l 391 362 i1771817
38 |G9.4]53.8{79.4(57.7]40.8| 272 380[ 353 171812
37 |68.9153.1|78.8|56.8 39.8[ J63! 3701 344 1661 807
36 !68.4152.3178.3{55.9]28.4| 354l 350_]_395[ 161 !12_
35 |67.9151.5|77.7|55.0]37.2| 345 351 327 1564798
34 |67.4|50.8|77.2{54.2:26.1| 336| 342 319 1521793
33 |66.8{50.0|76.6(153.3]24.9| 327| 324 | 311 149|788
32 |66.3]49.2|76.1}52.1|33.7| 318] 326 | 301 146|783
31 |65.8148.4|75.6(51.3|32.5| 310} 318|294 | NA | 1411778
30 |65.3]147.7|75.0150.4131.3 3021 311 286 (92.0| 1381773
29 |64.6|47.0|74.5]49.5(30.1| 294| 304 | 279191.0| 135|768
28 |64.3]46.1173.9|48.6(128.9| 286{ 297 | 271 |90.0( 131762
27 |63.8|45.2173.3(47.7|27.8| 279| 290 | 264 |89.0] 128 | 757
26 |63.3]44.6]72.8(46.8|126.7| 272| 284 | 258 |88.0| 125{ 751
25 |62.8]431.8|72.2]145.9|125.5| 266| 278|253 |87.0| 123|746
24 |62.4]43.1{71.6|45.0|24.3]| 260| 272 | 247 |86.0| 119|741
23 |62.0)42.1|71.0{44.0|23.1| 254| 266 | 243 [84.5]| 117|736
22 |61.5(41.6]70.5(43.2|z2 248| 261 )| 237 |83.5| 115|730
21 |61.0]40.9169.9142.3/20.7| 243| 256|231 |8B2.5| 112725
20 |60.5/40.1{169.4|41.5/19.6| 2381 251|226(81.0| 110{720

Although coaversion tables dealing with hardness can only

ba approximate, il Is of considerable value lo be able to
compare dillerent hardness scales. This lable is based on the
assumption that the metal tested is homogeneous to a depth ¥
several tkmes as great as the depth of the indentation.

The Indentation hardness values measured on the various

* scoles d on the work hardening behavior of the

material the.test, and this in turn depends on the
mmo‘ | cold n-—-l.vl 3 2 ak - _-n?.'_l Thae Q. erala
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,49(84.8] NA |76.6(49.0{21.7|86.5 63.5134.6|106| 82 a6:
teel, grey and malleable castiron and 48 [84. 76.2|48.3|20.7 ss.s‘ 625/ 341/ 105 | 81 l 45i
4783.7 75.9|47.7(19.7(85.0 61.5/33.7/ 104 80 45:
L ‘ = 1 5
non-ferrous metals —{Es[ma] | [iss A g[isT]ees 61.0(33.3(103| 80 | | | |asi
7 45(82.61 75.3146.3|17.7/84.0 60.0/32.9| 102| 79 ! aa.
G [15.T|30-T|45.T| E | H | K| A |HX|HE ng | KSllwmurt] aqls2i0 | [74914571167(835 s9032.4|101] 78 | | ! {&5
= — — = -3 :
S 5| B OElLE 5.3 : ala | £| |l 43 B1.4) 74.6{45.0(15.7 32.5% 58.0132.0 103 i [ | 423
- 2|3 @3 E logl= ¢ o || 42(80.8 74.3(44.3]14.7]82.0 57.5/31.6| 9 I 143
0| T | S| Su |20 | 20 |20 | T2 SslnEiaSlgs| g (| eilsonl | |re0la37(rzslarsi | 1se5i3u2| sal 7si | | | 13
pc|laSjos vl jomlos |mx| 3G 83189'89?92 = 40(79.7 73.6143.0(12.6|81.0 55.5(30.7] 97| 75 [ 42
39(79.1 73.3[42.3/11.6(80.0 54.5/30.3] 96| 74 | 41
g 38(78.6 73.0141.6110.6/79.5 54.0129.9] 951 73 | | | 141
i e | o £ = 37(78.0 72.7141.0 9.6179.0/ NA [53.0/29.5| 94| 727 | 40
|2l Ble]laltz]e g2 ] 2 36(77.4 72.3|40.3| 8.6/78.5] 100 (52.0;29.1| 93 72| | 40
tl2ls | = I BRI el wi = [=sif5 o 35(76.9 72.0139.6/ 7.6178.0{99.5|51.5128.7] 92| 71| | 40
¥l sl 8| 3| x =l =x|=|9o]B|gs|=g] 2 || 34|7e3 71.7|39.0| 6.6/77.0199.0150.5]28.2] 91| 70 39
sl 1 S| 51 S| 8181812 =l=tls=5! 21 malmsz 71.4/38.3( 56 75.5‘9a.a|49.5|27.a 30| 69 ias
clojn|la|laclc|aclc| x| a|o5|-0] = ]| 32752 71.0137.6| 4.6176.0/98.5/48.5/27.4] 89| 69 |38
8.5 93.1|33.1 72.9‘ L . |61.5] 251|201 240] 116 730{| 31|74.6 70.7137.0| 3.6175.5/198.0/48.0(27.0| 88| 68 i 1 | 38
$1.0192.8182.5(71.9 ‘ 60.9]| 246 | 195|234 | 114|725 || 30(74.0 70.4136.3 2.s|75.0|97.a 47.0/126.6| 87] 67 ' fss
1.0(92.5/81.8(70.9] 60.2| 241 | 189 | 228 | 109 | 719|| 291735 70.0/35.6( 1.0/74.0197.5146.0/126.0| 87| 661 l -
17.592.1]81.1 69.9| 59.5(236| 184|222 104 713|{ 28173.0 69.3[34.5] NA 73.5|970 45.0125.5] 86| 66| w | 37
16.0/91.8180.4(68.9 58.9{231| 179|216 102|707 || 27}72.5 69.5|34.0 73.0{96.5144.5]25.0| 85| 65 ol
140191.5{79.6|67.9] 58.31226 | 175|210 100 | 701 || 26172.0 69.0|33.0/ | 172.5(96.3]43.5{24.5| 84| 65 > i 3€
125/91.2179.1|66.9 57.612211171|205| 98(696|f 25171.0] 68.8(32.5 !rz 0196.0]42. 5124 3| 83| 641 i €
11.0{90.8]78.4]65.9 NA |57.0/ 216 167 1200) 94 }690{| 24170.5| 68.5(32.0 71.0195.5]41.5,24.0 32| 64 3g
19.0(90.5(77.8164.8 100 {56.4/ 211|163 | 195] 92'| 684 23 70.0( 68.0(31.0] { |70.5/95.3]{41.0123.5| 82| 63 l as
i7.5/90.2|77.1163.8 199,5/55.8/ 206 | 160 | 190 .90| 679 [ 9.5 67.8]30.5] |7 95.0(40.0123.0{ 81| 62| 35
1.0189.9|76.4]|62.8 |98.5{55.2| 201 | 157 | 185| 89674 69.0 167.5129.51 69.5/94.5/39.0122.5| 81| 62 3¢
§4.0/89.5/75.8161.3 |98.0154.5( 196 | 154 | 180 88| 868 20|sa 5 {67.3]129.0/ | !64.5i94.3138.0122.01 80| 61| 3¢
ﬁsz.5|89.217s.1 50.8 |97.o 54.0{ 192|151 176| 86|662|] 19(68.0 167.0}28.5i IGB .0194.0(37.5121.5| 79| 61 a:
,n.o]sa.sln.a 53.8 96,5(53.4( 188 | 148 |172| B4|656{| 18/67.0 66.5127.5] 67.5193.5(36.5{21.3] 78| 60 3z
9.0{88.6(73.8/58.8 |95.5i52.8/ 164 | 1451 169| 83|651{| 17!66.5 66.3127.0 |67.0(93.0(35.5121.0/ 78| 60 &
57.51 88.2 73.1|5?.5: 194.5152.3| 130[ 142[165] 82| 646|| 16166.0! i66.0;26.0/ | $66.5/192.8135.0120.5| 77| s3I | 3:
56.0187.9(72.4156.8] ! i94.0151.7{ 1761 1401 162| 81]640|] 15165.5| | '65.5125.5! | :655/92.5/34.0120.01 76| 591 l | a2
$4.0187.6{71.8]155.81 9 193.0051.1) 731 137} 159! 80|634|| 14165.0f | :€5.3!25.0! 65.0/92.0:33.0/ NA! 75 52| : 3
52.5187.3{71.1[54.8] {1 192.0{50.61 1701 125 153 | 13164.5{ | .€5.0:24.C. 64.5:91.8/32.81 | ; TS:i 58. B
#1.0186.9170.4153.81 | | 191.0i50.01767!1331153| 731624} 12164.0| | -§d.5i23.2 $4.0:91.5:31.5: | | 7&+ 58! e
49.0186.6169.7152.81 * 1 i00.5:4%.5{164i130!150: 721618 11163.5i .64.3122.0. £2.5:91.0130.5; P SAR ST LD
115i86.3169.1151.8! § - | E2.3:4B.9!11611128{147:- 70i612)| 10163.0!1 | ;84.0:122.9: @ .€2.3:90.5i29.5: o Epe =
16.0186.0168.4:50.8! : i 1 B85.5i48.4{ 158 1261 144 69607 9(62.Gi |63.8/21.5. 162.0{90.3:125.0; : ¢ i 7 i
4.0185.6167.7:49.51 ! © - B88.0147.91 15511241411 68602 8161.5i 63.5120.5: . . 61.5190.0]28.0i 71 g | ¢35
12.5/85.3167.1148.81 : 187.0147.31 152112211391 67556 7161.0| '53.0120.05 | i61.0(89. 5127.0; | ¢« 707 26 i | A%
41.0!35.0|66.4|47.3£ I | 186.0146.8( 150| 120 137 ] 66592 6160.5] ‘62.8 19.5 Isoslaga 26.01 J | §9: 53 | 2
19.0(84.7!65.7146.81 ‘ 185.0146.3( 157 | 118/ 135| 65|587 5160.0| 62.5]18.5] | 160.0/89.0/ 25.5/ 63( 551 P iz
lr.slad.alss.'l]ds.al ; 184.5{45.8| 145|116 | 132| 64581 4(59.5: 62.0[18.01 59.0188.51 24.5| I 69| 55| | 12
6.0184.0|164.4|44.8] NA| '83.5 453(143] 114|130 63576 3159.0] 61.8117.0 58.5188.0(23.51 I 63| 54, { ;2
14,5:83.7163.7143.81 100 l82.5144.8] 141 | 1121127] 62|571 2{s8.0! | 161.5{16.5! | [58.0187.8]23.0! 68! 341 iz
12.5:83.4;63.1]42.8199.5 81.5144.3} 1391 110]125| 61| 566 1157.51 61.0116.01 | 157.5{87.5;22.01 | ! 63| 54i Ho
11.0i83.0162.4!41.8]|99.0 81.0143.8/ 137|109 (123 | 60561 0|57.0] 60.5|15.01 T '570'370|21.0| v | s7) s3j a2
19.5;82.7161.7140.8/98.0 {80.0i43.3] 135|107 |121| 59558 :
78.0'82.4;61.0i 39.8197.51 |7g.0!42_5 13311061 119| 58] 651 high nicke! alloys do not cenform closely 1o these general
26.5182.1]60.4!38.7!97.0| 78.0142.30 1311104 117| 57| 545 | tables. Neilher do coid-workeg metais of low B-scale
25.0581.8|59.?:3?.7596_D| |77_5{41.3 129 ] 102!116| s61!542{ hardness such as aluminum and the soller alloys. Special
- A T : . 5 : : : correlalions are needed !or more exact relationshios in these
DSRS0 T TIon S | (IeSiesd] 100 11 NA ST | Coes” ATVl sre consistent siih ASTM E 140 Tables
20.5180.8{57.7:34.719a.5| | 172.5i10.4] 1241 98110} 2551 and 2. and ASTM A-370 Taoles JA and 3B. where applicable.
- L : : - — = : ~| Microlicial number values were developed in the Wilson
19.0180.5{57.0|33.7193.5] 74.0140.0{ 122 96| 108 522| Siandards Laboratory.
117.5180.1156.4{32.7193.0| 73.0139.5| 120 95| 107 517 el .
16.0{79.8!55 7131 7192.5; 172.0!39.0{ 1181 94| 106 512 Note 1: A 10mm steel tall is used for 450 BHN and below. A
— - - - - — - =] 10mm carbide ball is used zbove 450 BHN
14.5(79.5155.0|30.7192.0 71.0133.6] 117 | 92104 507 b : -
13.0179.2/54.4129.7191.0 70.5|38.1] 115| 91| 103 o2 | Note 2: The tensile strengin relation Lo harcness is inexact.
11.5(78.8153.7128.7190.5 59_5|3;r.7 114 90/ 101 497 | even for steel, unless il is cetermined lor a specific maiernal.
10.0{78.5]53.0|27.7|90.0 68.5137.2| 112 | 89100 a9z
8.5(78.2(52.4(26.7{89.5 68.0]35.8 111| 87| NA 487
7.0|77.9(51.7{25.7|89.0 67.0/36.3| 110| 86 482
5.5|77.5|51.0{24.7|88.0 66.0|35.3| 109 | 85 477
4.0|77.2|50.3|23.7|87.5 65.0{35.5( 108 84 472
2.5/76.9(49.7(22.7|87.0 [ 64.5{35.0( 107 | 83 468
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