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I. Clasificacion de los Materiales

1. Ferrosos:
Aceros: Ordinarios
Aleados

Fundiciones: Grises: Nodular
Ferritico
Perlitico

Blancas: H. Martensiticos
Especiales Aleaciones

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

3. Organicos: Madera
Polimeros
Elastébmeros

4. Inorganicos: Fibras Compuestas
Ceramicos
Vidrios
 Minerales
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Il. Estructura de los Materiales

PARA METALES: su estructura esta compuesta por agrupamiento de atomos.

Estados de la Materia en la Obtencion de un Metal

* (Gaseosos
* Liquidos
* Solidos

Tipos de Enlaces

I6nico

Metalico

Covalente
Vander-Walis
Puente de Hidrégeno

* * * * %

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

Caracteristicas de la red:

* Su longitud (a,b,c)
* Sus angulos (o.,B.Y)
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LOS SIETE SISTEMAS CRISTALINOS,

1. Monoclinico
a) Simple
b) De extremos centrados

2. Triclinico
a) Simple

3. Hexagonal
a) Con extremos centrados

4. Romboédrico
a) Simple

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

6. Tetragonal
a) Simple
b) Cuerpo centrado

7. Cubico
a) Simple
b) Cuerpos centrados
c) Caras centradas
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LOS SISTEMAS DE CRISTALIZACION MAS COMUNES SON:

Cubico*
Hexagonal*
Tetragonal
Ortorrombico
Romboédrico

* Los metales cristalizan mas comunmente en estas redes.

DEFECTOS O IMPERFECCIONES DEL CRISTAL:

Vacancias
Intersticios
Dislocaciones (Borde y Helicoidales)

Polimorfismo o Alotropia: es cuando el material se presenta en varias formas
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REDES ESPACIALES O TIPOS DE ESTRUCTURAS CRISTALINAS

L
- ® )
> L
Cubica Cubica Cubica
simple centrada centrada
en las caras ene el cuerpo

L]

Tetragonal Tetragonal Hexagonal
simple centrada
en el cuerpo
L ®
» . 1 °
e
& *
Ortorrémbica Ortorrémbica Ortorrémbica Ortorrémbica
simple centrada centrada centrada
en el cuerpo en las bases en las caras
Romboédrica Monoclinica Monoclinica Triclinica
simple centrada
en las bases

Los siete sistemas de estructura cristalina y las 14 redes de Bravals.
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ESTRUCTURA DE LOS POLIMEROS

Son macromoléculas organicas que a través de un enlace quimico forman el
monémero (0 unidad monomérica), el cual se repetira millones de veces en
cadenas lineales o cruzadas para finalmente constituir un polimero.
Ejemplo:

Unidades repetitivas y propiedades para termoplasticos tipicos que tienen estructuras de cadena
complicadas

Modulo
Resistencia de
a la tensién elasticidad Densidad
Polimeoro FEstmctira (psi) Elongacién (ksi) (g/cm3)
H H H
—t—o-do-t-o—
Poliéter | | | 9,500-12,000  25-75 520 1.42
Poliéster H H |.| -10,500 50-300 400-600 1.36
(dacrén) _le- 0-3 O—c— o4~ c o
H
Policarbonato 'l-l 9,000-11,000 110-130 300-400 1.2
C H
O+
H— C—H
A
Celulosa 2,000-8,000 5-50 200-250 1.30
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CARACTERISTICAS GENERALES DE LOS POLIMEROS:

b .

Ligeros

Resistentes a la Corrosion
Aislantes Eléctricos

Baja Resistencia a la Tension

No usados en Temperaturas Altas
Muy usual

* * %

*

Seqq M : le Polimerizacién:

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

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

Segun su Estructura:

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

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

Seqtin su C tamiento:

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 condensacién no se pueden

reprocesar debido a que parte de las moléculas salen del material.

Sequn su Grado de Polimerizacion:

* Homopolimeros (un solo material)

* Copolimeros (dos o mas tipos)

* Oligopolimeros (pocos monomeros)
* Polimeros

Sequin su Naturaleza:

* Naturales (lino, seda, asbesto, celulosa)
* Artificiales o sintéticos (rayon, nitrato de celulosa)

Sequn su origen:
* Vegetales (algoddn, celulosa, etc.)

* Animales (pelos)
* Minerales (asbesto, fibra de vidrio)

Mayo 1996
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Son macromoléculas que se constituyen de cadenas que no contienen
atomos de carbono.

Clasificacién:

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

Artificiales: Fibra de vidrio
Silicones

ELASTOMEROS:

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

H H Iil
H C H H—C—H H-~
«—0 Si O0—SIi O—=Sji— ...
H C H H—€C—H H+—H
H H H
SILICON
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lll. Propiedades y Caracteristicas Mecanicas en los
Materiales

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

TEORIA: basandonos en un ensaye estatico de tensién y su gréafica de
‘comportamiento esfuerzo vs deformacidn unitaria, obtendremos las siguientes
caracteristicas y propiedades mecanicas basicas en los materiales.

* Resistencia Mecéanica

* Ductilidad

* Rigidez

* Resilencia

* Tenacidad

* Estandares de Probetas
*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 fuerza o carga aplicada.

Esta se mide a través de:

1.- Limite Proporcional (O L.P.): es el mayor esfuerzo que un material es capaz

de desarrollar sin perder la proporcionalidad entre esfuerzo y de formacién, es
decir, que representara el ultimo punto en la pendiente de la grafica, cumpliendo
con la ley de hooke.

2. Limite Elastico (O L.E.): es el mayor esfuerzo que un material es capaz de

desarrollar sin que ocurra la deformacién permanente al retirar el esfuerzo, la
determinacién de este limite elastico no es practico y rara vez se realiza.
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3.- Resistencia a la Cedencia (O Y.P.) : es el esfuerzo al cual ocurre un aumento
de deformacion para cero incremento de esfuerzo.

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

4.- Resistencia Maxima (O max.): es el esfuerzo maximo que puede desarrollar el

material debido a la carga aplicada, durante un ensaye hasta la roptura. (Se obseva
en la probeta el inicio de la reduccidn de area en materiales ductiles).

§.- Esfuerzo de Ruptura (O R.U.P.): es el esfuerzo nominal al ocurrir falla y se

obtiene dividiendo la carga decreciente registrada en la caratula o pantalla de la
maquina y el area inicial de la probeta.

6.- Esfuerzo de Ruptura Real o Verdadero (O R.U.P): es el esfuerzo nominal al

ocurrir la falla y se obtiene dividiendo la carga entre el area real que disminuye
conforma se aplica ésta.

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

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

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

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

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

o

! LINEA
N < PARALELA
: A LA PENDIENTE
' DE LA GRAFICA
1 >
0.2% €

Figura 3.2
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ZONAS EN LA GRAFICA;

1.- Zonas Elasticas: se 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 maximo.

Se emplea para darle forma al material por ejemplo los procesos de mecanizado
(torneado, troquelado, doblado, extruido, ete.), 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 el punto de
esfuerzo maximo hasta el punto de roptura aparente.

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

‘ .
ESFUERZO
MAXIMO
o LIMITE '
PROPORCION : ESFUERZO DE
/ ; N, RUPTURA
. APARENTE

ZONA —
PLASTICA !

Figura 3.3
Mayo 1996 16



DUCTILIDAD

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

FRAGILIDAD

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

Est ledad lidas:

* Para el Ensayo de Tension a través de:

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

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

-% de Reduccién de Area: se obtiene midiendo el diametro inicial y final de la
probeta, calculando el area respectiva y sustituyendo en la ecuacién:

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

# Para el Ensayo de Compresién a través de:

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

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

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

% de Reduccién de Longitud=(Lo - Lf) / Lo x 100
Se recomienda que los materiales que tengan un % de elongacién, % de reduccién

de area, % de aumento de area, % de reducciéon de Iong|tud mayor de 5 %, para
que se consideren ductiles.
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Lo

O O

Ao Af

Figura 3.4
RIGIDEZ:

."Es el esfuerzo requerido para producir una deformacién dada. Se mide a través de
la obtencion del modulo de elasticidad para carga axial (E) y representa la tangente
de la pendiente en la grafica esfuerzo vs deformacion, este modulo se puede

obtener considerando dos puntos sobre la pendiente y realizando un tridngulo como
se muestra en la figura 3.5

E =Tg0 =Ac/Ac = (62 — 6 1)/(€2 1), (GPa, Lblin?, Kgicm?)

o T~
c 2
cl
>
£
Figura 3.5
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| MateLia'lk Modulo Elastico

— # | X10 (kg/cm ) (MPa) (10 X/1IN)
Acero Ordinario 2.1 200 30
Aluminio 0.705 70 10
ILatén 0.98 100 11
Hierro Colado 1.05 120 11.6
[Madera 009 183 1.2
[concreto 0.25 500 3.5
Plastico 0.56 116 0.8

Valores promedio de modulo de elasticidad de algunos materiales
Tabla 1.1

-

RESILIENCIA ELASTICA;

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

Otras definiciones son: una medida de la resistencia a la energia elastica.
La resiliencia elastica unitaria (R.E.U.) o médulo de resiliencia: el la energia

almacenada por unidad de volumen en limite elastico o proporcional; y representa
el area (Al) bajo la pendiente de la grafica vs e mostrada en la figura 3.6.

REU = A1 = 6.p2/2e1p(kg —cmicm?®)
Volumen Inicial (Vo)=Ao x Lo (¢m3)

Resilencia Elastica Total (RET)=REU x Vo.

RET = 6 1p2/28 pXVoO(kg —C)

L.P.: Limite proporcional.
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REU=A1=1 ELPX OLP=Kg-cm

2 cm3
oLP -

Figura 3.6

TENACIDAD:

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

Representa el area total bajo la grafica esfuerzo-deformacion, esta se puede
medir a través de seccionar el area en areas regulares y sumarlas, o0 con el

planimetro, que es un instrumento para determinar el area de una grafica. Al seguir
el contorno de la misma.

Tenacidad Unitaria (T.U.) = Area total

Volumen Inicial (Vo) = Ao x Lo(cm3)
Tenacidad Total (T.T.) = T.U. x Vo (kg - cm)

YP (Yield Point): Punto de cedencia

Mayo 1996 20



NJF(G YP+ max)E manx
2

O max

AREA TOTAL = TENACIDAD UNITARIA

v v

TENACIDAD UNITARIA Emax

Figura 3.6a

ESTANDAR DE PROBETAS PARA TENSION:

Las probetas para ensayos de tensién se realizan de diferentes formas la
seccidén transversal del especimen puede ser redonda, rectangular o irregular
segun sea el caso.

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

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

El tramo de calibracion es el mercado segun estandar, sobre el cual se
miden las lecturas de longitud final y diametro final los extremos de las probetas
redondas, y rectangulares, pueden ser simples, cabeceados o roscados, los
extremos simples deben ser alrgos para adaptarse algun tipo de mordaza
cuneiforme o plana (ver figura 3.8).
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R
Dimensions
Specimen 1 Specimen 2 Specimen 3
in. in, in.
G--Lenght of parallel section Shall be equal ' to or grater than diameter D
D--Diameter 0.500=0.010 0.750=0.015 1.25=0.02
R--Radius of fillet. min 1 1 1
A-Lenght of reduced section. 1% 1% 2%
min
L—Over all lenght. min 3% 4 63/8
B-Lenght of end sectio, 1 1 1%
aproximate
C—Diameter of end section. % 11/8 17/8
aproximate
E--Lenght of shoulder. min Y Ya 5/16
F—Diameter of shoulder 3/8=1/64 15/16=1/64 17/16=1/64

NOTE~The reduced section and shoulders (dimensions A, D, E, F, and R) shall be as show, but the ends may be of any form to fit the holders of
the testing machine in such a way that teh load can be axial. Commonly the ends are threaded and have the dimensions B and C given above.

Standard Tension Test Specimen for Cast Iron

Figura 3.7 |
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Machine to
60 percent o
67mm Original
(2 1/47) Nominal

Diameter

Standard Length. L. of

Nominal Diameter Lenght of Radial Sections. Total Calculated Minimum Specimen to be Used for 89.
2R.S. Length of Specimen mm (3 1/2 in.) Jaws*
mm (in.) mm (in.) mm (in.) mm (in.)
320118 19.6 (0.773) 356 (14.02) 381 (15
4.7 (1/16) 24.0 (0.946) 361 (14.20) 381 (15
6.4 (1/4) 27.7(1.091) 364 (14.34) 381(15)
9.5 (3/8) 33.9(1.333) 370 (14.58) 381(15)
12.7 (1/2) 39,0 (1.536) 376 (14.79) 400 (15.75)
15.9 (3/8) 43.5(1.714) 380 (14.96) 400 (15.75)
19.0 (3/4) 47.6 (1.873) 384 (15.12) 400 (15.75)
22.2 (7/8) | 51.5(2.019) 388 (15.27) 400 (15.75)
25.4 (1) 54.7(2.154) 391 (15.40) 419 (16.5)
3181 1/D 60.9 (2.398) 398 (15.65) 419 (16.5)
3811 1/2) 66.4 (2.615) 403 (15.87) 419 (16.5)
42.5(1 3/4) 71.4(2.812) 408 (16.06) 419 (16.5)
50.8(2) 76.0(2.993) 412 (16.24) 432(17)

* For other jaws greater than 89 mm (3 1/2 in,}, the standard length shall be incresed by twice the length of jaws minus
178 mm (7 in.) The standard length énnits a slippage of approximately 6.4to 12.7 mm (1/4te 1/2 in.) in each jaw while maintaining
maximum length of jaws grip. ;

Figura 3.8
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Una probeta debe ser simétrica con respecto a un eje longitudinal para evitar la
flexion durante la aplicacién de la carga (ver figura 3.8), la longitud de la seccion
reducida depende de la clase de material y de las mediciones que se tomen.

En las siguientes figuras 3.9 y 3.10 se muestran los diferentes estandares
para los ensayos estaticos de tensién.

LO

TYPEIV
Figura 3.9
Specimen Dimensions for Thickness, T. mmD
T or under Over 7t0 14 4 or under
Dimensions (see drawings) incl. Tolerances
Type Type II Type III Type IVG Type V1
W--Width of narrow section AB. -13 6 19 6 3.18 +0.5G1
L~ Length of narrow section -57 -57 -57 33 9.53 +0.51
' WO-— Width over-all, ming -19 -19 29 -19 953 16
LO- Length over-all, minF - 165 -183 246 115 63.5 no max
G- Gage lengthc ' -50 50 50 762 +0.25
G- Gage lengthc 25 10.13
D Distance between grips 115 135 115 64H 254 x5
R-- Radius of fillet 76 79 76 14 127 1
RO~ Outer radius (Type IV) 25 +11
Specimen Dimensions for Thickness, T. in.D
0.28 or under Over 0.28 to 0.16 or under
Dimensions (see drawings) 0.55 incl. Tolerances
Type I Type I Type Il Type IVa Type V1 .
W-Width of narrow section A.B. 0.50 0.25 0.75 0.25 0.125 +0.2G1
L~ Length of narrow section 225 2258 2.25 1.30 0.375 +0.21
WO-- Width over-all, ming 0.75 0.75 1.13 0.75 0.375 +0.25
LO- Length over-all, minF 6.5 7.2 9.7 4.5 2.5 no max
G- Gage lengthc 2.00 2.00 2.00 03000  +0.0.10r
G- Gage lengthc 1.00 . £0.005
D-- Distance between grips 4.5 53 45 2.5H 1.0 +0.2
R— Radius of fillet 3.00 3.00 3.00 0.56 0.5 +0.041
RO-- Outer radius (Type IV) 1.00 £0.041
Tension test Specimens for Sheet, Plate, and Molded Plastics. 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 EN ENSAYOQS DE TENSION

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

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

transversal de la pieza (ver figura 3.11).

(a) {b) -
Cortadura, Cono,cra-  arcab FHaslR iragular, Cono, cré-
planay ter y sedoso cono,cré- sitella® ter y sedoso
pranulosa probeta plana

ter y sedoso

Fracturas tipicas por tensién de los metales

Figura 3.11
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IV. Maquinas para Pruebas Mecanicas,
Accesorios e Instrumentos
de Medicion

MAQUINAS DE PRUEBAS MECANICAS

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

Magquina Universal de Prueba

Maquina de Dureza Rockwell

Maquina de Dureza Brinell

Maquina de Ductilidad en la Mina Metalica
Maguina de Torsidn

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 algun producto, por lo comun se tiene que hacer

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

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

SE ANEXAN CATALOGOS RECIENTES DE LAS DIFERENTES.

EMPRESAS DISTRIBUIDRAS DE EQUIPO DE PRUEBAS MECANICAS

NOTA:

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

Los instrumentos de medicidn que se requieren para obtener los datos
iniciales y finales sobre el espécimen 0 muestra son:

* Calibrador para lecturas de dimensiones lineales de tipo:
1. Vernier
2. De Caratula
3. Digitales
% Cinta métrica o flexémetro
* Calibrador de tipo micrémetros para la lectura de espesores interiores y
exteriores.
* Extensometro para la medicién de desplazamientos lineales de:
1. Caratula '
2. Digitales
% Indicador de deformacion (Puente de Wheatstone) Considerando los

Straingages o medidores de deformacion eléctricos que se pegan o
instrumentan en |la pieza a probar para determinar la deformacion
punto por punto y en cualquier direccidn que se desee o se requiera.

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

* Planimetro: para la obtencion de las areas de la grafica de esfuerzo contra
deformacidn para determinar la resilencia, tenacidad unitarios y pueden ser
del tipo:

1. Mecanico
2. De Caratula
3. Digital

NOTA:

Todos estos instrumentos de medicion deben estar en buen estado, calibrados y
certificados para su uso al igual que si tienen caducidad verificar su reposicion ya
que influyen en los resultados de las caracteristicas dimensionales de la pieza o
espécimen, al igual que en las propiedades y caracteristicas mecanicas del material
0 producto.
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Dimensions
Standard Specimens Subsize Specimen
Plate-Type, 1%%-in, Wide Sheet-Type, Va-in. Wide ain. Wide T
in. in, in.

G—Gage length (Notes 1 and 2) 8,00 = 0.01 2.000 = 0.005 1,000 = 0.003
W—Width (Notes 3 and 4) 14 + Vh, —Y 0.500 = 0.010 0.250 = 0.005
T—Thickness (Note 5) thickness of matenal
A—Radius of filet, min {Note 6) . 1 " < o
L—Over-all length, min (Notes 2 and 7) - 18 8 4
A—Length of reduced section, min 9 2V 1V
8~Length of grip section, min (Note 8; 3 2 14
C—widmh of grip section, approximate (Notes 4 and 9) 2 ¥a ¥

NoTE T—For the 1/4-n. wide specimen. punch marks for measuring elongation after fracture shall be made on the flat o pn the edge o! the specimen and within the
reduced section. Either a set of nine or more punch marks 1 in. apan. of one Or more pairs of punch marks 8 in. apart may be used. :

Nore 2-~When elongation measurements of 1%x=in, wide specimens are not required, a miniMum length of reduced section {A) of 2% in. may be used with alf othe
dimensions similar 1o those of the plate-type specimen.

Note 3—For the three sires of specimens, the ends of the reduced section shall not giffer in width by more than 0.004, 0.002 or 0.001 in., respecuvely. Also. there may
be a gradual decrease in width from the ends 1 the center, but the width at each end shall not be more than 0.015, 0.005. or 0.003 in.. respecively. larger than the wam
at the center,

NoTE ¢—For each of the three sizes of sbecimens. narower widths (W and C) may be used when necessary. In such c2ses the width of the reduced section should
be 25 large 2s the wigth of the fmatenai bemng tested perrmits: however, unless stated specifically, the requiremsnts for elongation in a proguet soesificzation shall not aooly
wnen these narTower soecimens are used. '

Note 5—The aimensibn T is the thickness of the test specimen 2s prowided tor in {ne applicable matenal specdizations. Minimum thickness of 1%-in. wioe specmens
shal be &3¢ . Maximum thickness of Y-in. ano Ya-in. wide spesimens snali be 4L in. and 4 in,, respectively.

NoTE &—For the 1'%-in, vage spemmen. & o-n. MIMiMum racses 23 172 engs of the reduced secton s parmmied for steel specimens uncer 1030 000 psi in tanss:
srengtn wnen & profie cutier 15 used 10 mashwne the regusag s&oio.

NOTE re—7"C @10 1N ODIANUNE 2XI2' 1IS2DINY CURNS 1ESUNS 27 Ye-iN. WIOE SO2TIMens, the over-ak lengtn sNouit pe as large as the maena wih darme, v 10 8.00 i

Note B—It is gesiraoie. if DOSSIDE. 13 make the lensin of the £nD secuon larpe enougn 10 alow the speamen 10 extend into tne gNDs & cisiznce ecual (C hwe truras o
more of the length ©f the anps. If tne ickness of Yy>in. wide speaimens iS over e ., longer gNps and ComespoONaingly longer onp secudnt ©f twe spedimen may be
necessary to prevent failure in the onp secuon.

Note 9—For the three sizes of specimens. the encs of the specimen shall be symmetrical in width with the center line of the reguced seciion waiis €10, 0.05 ax
0.005 in., respeclively. However, for referee testing and when required by product specfications, the encs of the Vein. wide spearmen shall be syrmmewnizal wittin 0.01 R

Note 1Q0—Specamens with sides parafiel throughout their length are permitted, except for releree tesiing, provided: (a) the above tolerances are useq: (&) an adequaz
number of marks are provided for determination of elongation; and (¢) when yield strength is determined. a suiiable extensometer is used. If the tracture occurs at @
distance of less than 2W from the edge of the gQripping device. the lensile propertes determined may not be representative of the matenal. In accepiance testing, if te
propenties meet the minimum requirements specified, N further testing is required, bul if they are Jess than the munimum requirements, diIscare the test and relest.

FIG. 1 Rectangular Tension Test Specimens

Wedge Grips Upter Heod of
Testing Mochine

-

-Lincrs-Tniclmus Varied
According 10 Specimen Thick-
ness 1o Keep Wedge Grips
Flgt Specimen— from Protruding Above or
Below Heod of Testing
Machineg

FIG, 2 Wedge Grips with Liners for Flat Specimens
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Dimenswons
Standard Specmen Small-Size Speamens Proportional 1o Standard
in, n. in, i, in.

“amenal Diameter . . ... ... ... .. L. 0.500 0.350 0.250 0.160 0.113
3~—Gage length 2.000 = 0.005 1.400 = 0.005 1.000 = 0.005 0.640 = 0.005 0.450 = 0.005
J=Dameter (Note 1) 0.500 = 0.010 0.350 = 0.007 0.250 = 0.005 0.160 = 0.003 0.113 = 0.002
S—Radius of fiflet. min ¥ Va ¥ya %2 a3

+~Length of reduced section, min {Note 2) ) 2V 1% 1Y v, 34

NotE 1—The reduced section may have a gradual laper from the encs toward the center. with the ends not more than 1 % larger in diameter than the center (controling
2eension). .

Note 2--If desired, the length of the reduced section may be increased 1o accommodale an extensometer of any convenent gage length. Relerence marks lor the
~a2surement of elongation should, nevertheless, be spaced at the indicated gage length.

vgre 3—The gage length and fillets may be as shown, but the enas may be of any form to fit the holders of the testing machine in such a way that the load shall be
varse2 Fig. 9). I the ends are to b2 held in wedge grips il is desirable, i possible, 10 make the length of the gnp section great enough 1o allow the specmen to extend
-2 ihe gnps a distance equal to two thwds or more of the length of the gnps.

NoTE 4=—On the round specimens in Figs. 8 and 9, the gage lengths are equal (o four times the nominal diameter, In some pfoduct specifications other specimens may
=2 crovided for. but uniess the 4-1o0-1 ratio is mantained within dimensional tolerances, the elongation values may not be comparatle with those obtained from the stangard
gt Specimen. N

431e 5—The use of specimens smaller than 0.250-in. diameter shall be resincted to cases when the matenal 1o be tested is of insulficient size 1 odtain larger
sze0imens or when all partes agree 10 therr use fof acceptance lesting. Similar spezimens reQuire Suitable eau:oment ang Sreale’ s«ill in botn maznining anz estung

2k E—Five sizes of specimens C4en ysec have diameters of acoroximatery 0.5C5, 0.257, 0.252, 0,160, a1z € 11Z ., ine raag0n D207 12 Derm @25y Cais
~ gregs trom 10205, sinze the omresooncing £ross-5sectional arezs are egual or c2ose 10 0,200, 0.700. 0.0500. C.C232 2nz €207 in % resnesuven, TRt wier e

sigrg az o8 WITR Ihese values, Ine sirossef (D7 SIFENCINS) may DB SIIMIUIST USMS N2 SIMDiE oD 2
asne 27 Nese f:ve Qiametsre a2 A3 resUN N ComesDONUNIY CONNVET 2N TrTES-822Y, ~al areas angs mu

S Z. hwl aws Dol ERC oo

= empmmmes BTN =
: Sipnzars 0.E00-in. Roun:z

ension Test Snecimen wiin z-in. Gage Lencin ang Examsies of Small-Size Specimens Proporuans! iz
the Stanaard Soecimen

ez gl s —r
tBefa—— gy g
q_.___..__o.___z_._.z-__ ."-’.\
o —— s
—~ &4 —p &
[ 3 Y £~>—18 — |
S el gt T R o Do 0N
— : 2 % 4 h'biw
—_— — [l
R
Dimensions
Specmen 1 Specimen 2 Specimen 3 Specimen 4 Specamen 5
‘ in. n i, in, in,
4-—Gage length 2.000 = 0.005 2,000 = 0.005 2000 = 0.005 2.000 = 0.005 2.000 = 0.005
Z—Srameter (Note 1) 0500 = 0.010 0.500 = 0.010 0.500 = 0.010 0.500 = 0.010 0.500 = 0.010
A_Sacws of fiet, min b (] Ve e L L
2—tength of reduced section 2Va, min 22, min 4, approximately 2%, min 2%, min
t—0ver-all length, approximate 5 5 5% 43 Gy
Z—Length of end section (Nole 3) 1¥%4, approximately 1, approximalety Y., approximatety 12, approximately 3, min
C—Dameter of end section ¥ ¥, 2%y T Ya
f—vLength of shoulder and fitlet Yo ¥ %
section, approximate

F—Dameter of shoulder - ¥ —_— A "ixy

toTE 1—The reduced section may have a gradual taper from the ends toward the center with the ends not more than 0.005 . larger ) diameter than ihe center.

Yiote 2~~On Specimens 1 and 2, any standard thread is permissible that provides for proper alignment and aids in assuring that the specimen will break within the
duced seClion,

NeTf 3—On Specimen 5 it ks desirable, if possible, 10 make the length of the grip section great encugh to allow the specimen to extend into the grips a distance equal
%S00 twds or more of the length of the grips.

[
FIG. 9 Various Types of Ends for Standard Round Tension Test Specimens
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Dimenswons
Specmen 1 Specmen 2 Specmen 3 Specimen 4 Specamen 5 Specamen & Specmen 7
in. in. in. i, n. in, n.
.= 3age lengm 2.000 = 0.005 2.000 = 0.005 8.00 = 0.01 2.000 = 0.005 £.000 = 0.005 2.000 = 0.005 £.000 = 0.00-
& —.S02i0 (Note 1) 0.500 = 0.010 A+ v, —% 1% + Ya. =V 0.750 = 0.031 0.750 = 0.031 1.000 = 0.062 1.000 = 0.062
* o TrZRNesSS measured thickness of specimen
£ =Ragwus OF fver. mm vz 1 1 1 1 1 1
:—.2ncth of reguced 2% 2% 9 - 2Va vy Va 41y
sec:an, mm
- .#7gth of grip sec- 3 3 3 3 3 3 3
won, min (Note 2)
-Jvnain o grip sec- Ve 2 2 1 1 1% 114
ton, asproximale M
(Note 3)

.3t i—=The engs of the reguced saction shall ditfer 1 wigih by not more than 0.002 in. for specimen 3, anc 4, ana not more than 0.0C5 in, for specimens 2. 3. 5,
» " Tnere may be a graduai taper in width Irom the encs 1o the center. but the width at each end shall be na: more than 0.005 in. greater than the widih at ine cente
+ + J-n. gage lenglh specimens, nol more than 0,008 in, greater ar {ne width at the center for 4-in. gage fengih speamens, anc not more than 0.015 in. greater than th
~ 1™ a1 the center ‘or B-in. gage length SDeamens.
“3+¢ 21 is oesirable. il possile. 1o Make the length of the ¢rz secuon gréai enough 1o allow (he speciImen 10 exieng o the nos & disiance egual 1o two thirc

+—o¢ of the length of the ¢cnps.
1°t 3—The 2n2s of the specimen shall He symmetncal weth 1ne Senter ine of the reduced secuion vathin 0.23 15 for specimiens 1. 4. ans 3, anz §.10n 107 sDecimen

nsion MY i the S
Rl R T T

—Zof Cirtular Segrments, Ine Cross-seclonal are2 may D2 Caisigies ov muitiphing W asa 7. 11 the ranz of tne oim
+221m30 220U1 e, INS €ITOr USING LS Menod O Calcuiaie he STIiE-53ITUDNA ares mav De aDDresidnis enc il mav De
g 10 aree,

I——2z2omens wiin G W less tan 4 showio not De USeC o7 JeIeTINENCT It g ITaus-
—— SIS NE WIHN SI08S DArlEl trJugnou; INew 1eNT arg DenTHReT. Ixng
~I3r 5 mETHS aT€ DroviSes o7 0SIeMMINANDN Cf @ISNTETSN 30T 12! WASN VI2IT $Irangin 3 JflsThines,
ftanze og tess nan 2W from the eape O! the gnooing O8VIZE. INE 18NS1E DISDETIeT 02ieTNMes may NSl DE r2orasel

=.m requicements spezified, nc fusither tesing s required, Dut i they are less 15a= N2 MiMiIMUM recuireents. CisTare the test anc rEl°S'

rn m

Ill

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

- o —IF j———— -
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e ] ] = g
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Dimensions
Specimen 1 Speamen 2 Spes.men 3
in. in, in.
G —Length of parallel section Shall be equat 10 or greaier than diameter D
L D—Damelter 0.500 = 0.0710 0.750 = 0.075% 1.25 = 0.02
A—~Raaws ol fillet, min 1 1 2

FIG. 14 Loecation of Transverse Tension Test Specimen in Ring

Cut frem Tubular Products A—Length of reduced secuon, 1'% 12 2Ya

min

L —Over-all length, mn IVa 4 B34

B—Length of end secuon, 1 1 1Y
approximate

C—Diameter of end secoon, ¥ 1Y 1%
approximale

E—lLength of shoulder, rmun e Va She

F—Diameter of shoukier Y = Ve Bhe = Ve e % Ve

NoTe—The reduced section and shoulders (Gimensions A. D, E, F, G, and A
shall be as shown, but the ends may be of aty form to fit the holders of the testin
machine in such a way that the load can be axial. Commonly the encs are threade
and have the dimensions 8 and C given above.

FIG. 15 Standard Tension Test Specimen for Cast iron
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Dimensions
in,
O—Diameter 59
R—Radius of fitet he
A—Length of reduced section 2v;
L—Over.all tength 7
8—Length of end seciion : 2%y
C—Oiameter of end section I
E—Lengtn of filet Fie

FIG. 17 Standard Tension Test Specimen for Malleable Iron
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Y, i FiG. 22 Stress-Strain Diagram for Determination of Yieid
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FIG. 21 Stress-Strain Diagram for Determination of Yield
Strength by the Otfset Method
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F1G. 23 Stress-Strain Diagram Showing Yield Point
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80 192.0|86.5{96.5(92.0/87.0[1865 — [ } ; —
79 |91.5|85.5/96.3{91.5|856.5(1787] — -
78 |91.0|34.5|96.0|91.0| 85.5{1710 — —
77 |90.5]84.0/95.8{90.5] 54.5[1633] — —
76 |90.0(83.0]|95.590.0] 83.5{1556] — —
75 |89.5(825|95.3|89.0|82.5(1478| — =
74 |89.0|81.5195.0{88.5|81.5[1400] — —
73 |88.5/81.0/94.8188.0/80.5{1323| — | ~ ~ |-
72 |88.0/80.0|94.5{87.0{79.5[1245] — | w T
71 |87.0|79.5(94.3{86 5|78 5{1160]-— | O of—
70 |86.5/78.5(94.0{86.0|77.5{1076| 972| = = |953
69 [86.0{78.0({93.5{85.0(76.5(1004] 946 | , 949
63 |85.6(76.9(93.2|84.4{75.4f 940{ 920} | 945
67 |85.0{76.1/92.9/83.6{74.2| 900] BIS 942
66 |84.5{75.4]|92.5|82.8{73.3| 865]870| NA 938
55 |83.9(74.5|92.2]81.9]72.0| 832 846 | 739 934
64 [83.4(738{91.8{81.1171.6| 800] 822|722 930
63 |82.8173.0191.4180.1169.8] 772/ 799 706 926
62 |82.3(722[91.1179.3168.8] 7465|776 | 688 i 1222
61 181.8{71.5/90.7|78.4|67.7| 720|754 670 917
60 {81.2|70.7|90.2|77.5|886.6| 97| 732|654 NA|813
59 | 80.7[69.9|89.8(76.56(65.5| 674] 710 634 351} 909
53 [80.1/69.2|83.3|75.7|64.3| 653 520 615 338 504
57 |79.6188.5|89.9(74.8/€3.21 633i 670{ 595 3251900
56 ;79.0[67.7|88.3|73.9|62.0] &12{ 650 577 1 3131 896
55 {78.5[66.9/87.2(73.0/60.9] £95i 630 560 | 3011 891
54 178.066.1187.4]72.0i59.8] 577 612] 543 1292 887
23 177.4]65.4185.9(71.2153.6{ 560! 5%4{ 525 | 283 882
£2 {75.8{64.6|86.4(70.2]27.4] 544) 576|512 { 2731 879
51 176.3163.8185.9/69.4i£6.1{ 528{ 558 | 496 [ 264} 871
50 [75.9(63.1185.5!68.5/£5.0! 513( 542 481 2551 870
43 {75.2!62.1 35.0!57.6 £2.8( 498 526 | 469 246 } 865
48 |74.7(61.4{84.5{66.7/£2.5| 484! 510 455 238 ] 881
47 174.1(60.3]83.9]65.8[S1.4] 471} 495] 443 2291 858
4G 173.6{60.0183.5(64.8150.3] 458 480 | 432 2211851
45 173.1)59.2:83.0]64.0[49.0! 216| 466 | 421 2151 BAT
44 {72.5153.5182.8|63.1|47.6| <34| 452 409| 208 842
43 l72.0is7.7182.0162.2|46.7| 423} 438 400 2011 837
42 |71.5158.9181.5161.345.5| 412 426 390 | 94 832
41 170.9|56.2[80.9/60.4|44.3| 4n2f 4141 381 1188 827
40 |70.4(55.4180.4159.5143.1} 2392 4021 371 11821822
39 169.9(54.6179.9|58.5}<1.9} 382 391|362 i1771 817
38 169.4153.8{79.4157.7140.8! 272|380 353 171§812
37 (68.9152.1]178.8]1556.3 SS-GI 363! 370 1| 344 1661 807
36 168.4{52.3178.3{55.9(38.4] 354] 360 | 336 161} 802
a5 |67.9151.5(77.7|55.0|57.2| 345! 357 | 327 156 798
34 |67.4150.8|77.2154.2:26.1| 336] 342] 319 152] 792
33 |66.8{50.0|76.6(53.3124.9) 327 334 | 311 1491788
32 ]66.3{49.2176.1|52.1|33.7[ 318l 326 | 301 146{ 782
31 [65.8148.4[75.6]51.3|32.5| 310! 318|294 | NA | 1411778
30 [65.3|47.7|75.0{50.4131.3| 302l 311 ] 286 (92.0| 138) 773
29 |64.6[47.0[74.5{49.5[30.1| 294] 304 |279(91.0] 135] 768
28 164.3(46.1173.9|48.6{28.9| 286[ 297 |271}90.0| 131} 762
27 163.8|45.2173.3|47.7|27.8| 279| 290 264 |89.0| 128 757
26 |63.3|44.6|72.8|46.8|26.7} 272| 2B4| 258 [88.0] 125 751
25 |s2.8{43.8]|72.2145.9(25.5] 266| 278 | 253 (87.0] 123|746
24 162.4]43.1]71.6{45.0(24.3] 260| 272 | 247 | 86.0| 119{ 741
23 |62.0{42.1|71.0[44.0123.1] 254] 266 243{84.5]117] 736
22 |61.5]41.870.5{43.2{22.0| 248] 261|237 |83.5{ 115! 730
29 161.0(40.9)69.9}42.3|20.7| 243] 256 | 231{82.5( 112|725
20 [60.5]40.1}69.4]43.5115.6] 2381 251) 226/81.0f 110|720

Although conversion tables dealing with hardness can only

be approximatle, it Is of considerable value to be zble 1o
compare different hardness scales. This lable is based on the
3ssumplion that the metal tested is homogeneous 1o a depth ¥
several times as greal as the depth ol the indentfation.

The Indentalion hardness values measured on the various
scales depend on the work hatdening behavior of the
malterial during the lest, and this in turn depends on {he
degree of previous cold warking of the malerial, The B-scale
refationships in the table are based largely on annealed
melals for the low valves and cold worked melals for lhe

i b onae v loame T oo PP



| k. ‘."_.'». i - LTS L & S5 : i U
|
i

| : : | ag(ea. 6| 49.0]|21.7]86. 5|34,
oft steel, grey and malleable cast iron and | 3|33 M |7e3|48:3]307 352 e B
10st non-ferrous metals 47 |83.7 75.9|47.7(19.7(85.0 61.5/33.7| 104| 80
* R R EE
15. -T|45-T A HB | H 1 s i S 17.7 . 0.0 “ 79
. E G= Tl Ern ik :K = m? Ki WMNIL aals20 74.8|45.7|16.7|83.5 50.0/32.4| 101 78
Bl 2| = =| 8| = =| =|_ % oo £l E 43[81.4 74.6|45.0|15.7|82.5 $8.0|32.0| 100 77
T T B W - T2 S - e e Zo|log| || 42808 74.3|4a:3|1a7|82.0] | |57.5]31.6| 99| 76
bixwlg®|XwlSw|Snlay | Xy lon|X5|98 982183 8 411803 74.0143.7(13.6/81.5 56.5/31.2| 98l 75
SEELT S R R R b RS S e e T L 40(79.7 73.6]43.0|12.6|81.0 55.5/30.7| 97| 75
. 19 |79.1 73.3|42.3|11.6/80.0] - |54.5/30.3| 96| 72
1 e 38 |78.6 73.0/41.6110.6{79.5] ~ |54.0129.9] 95| 73
=15 | = , Es = 37|78.0 72.7|41.0] 9.6/79.0] NA |53.0|29.5| 94| 72
sl=lslslisl=]=sF=i= s8| | =2 36|77.4 72.3|40.3| 8.6/78.5| 100 |52.0!29.1| 93| 72
== | Sl 2l el Sl Eiici=ak= 35/76.9 72.0/39.6| 7.6/78.0{99.5|51.5|28.7| 92| 71
sl &8 als|s|s|s|8|2]|22|Es| & || 34|73 71.7|39.0| 6.6|77.0{99.0/50.5/28.2| 91| 70
2 o -] E] o o| | © c| T |=olez| = 33|75.7 71.4138.3| 5.6/76.5|98.8|49.5|27.8| 90| 69
“lojlunjlcics|jlac|lac x| o|oS|ra| = 32|75.2 71.0|37.6| 4.6176.0198.5|48.5{27.4| 89| 69
0 82.5|93.1]83.1/72.9| . 161.5]251]201{240] 116 730}| 31|74.6 70.7|37.0| 3.6/75.5/98.0|48.0({27.0| 88| 68
9 81.0{92.8/82.5|71.9 60.9| 246 | 195 | 234 | 114 | 725 || 30|74.0 70.4|36.3| 2.6/75.0{97.8/47.0|26.6| 87| 67
8 79.0/92.5|81.8|70.9 60.2| 241 | 189 | 228 | 109| 779]| 29|73.s 70.0/35.6| 1.0/72.0/97.5|46.0l26.0| 87| 66 ,
7 77.5/92.1]81.1|69.9 59.5| 236 | 184 | 222 | 104|713 || 28173.0 69.3|34.5| NA |73.5|97.0|45.0|125.5| 86| 66 g
6 76.0(91.8|80.4|68.9 58.9| 231 | 179|216 | 102|707 || 27725 69.5/34.0 73.0(96.5|44.5125.0| 85| 65 :
ls 74.0/91.5{79.8|67.9 sa.3| 226 | 175 210| 100| 701 || 26|72.0 69.0/33.0 72.5|96.3143.5|24.5| 84| 65 ;
4 72.5(91.2|79.1|66.9 57.6| 2211 171|205| 98|696(| 25171.0 68.8|32.5 72.0196.0142.5|24.3| 83| 64 |
9 71.0(90.8|78.4|65.9 NA |57.0] 216 167 | 200| 94|s690|] 241705 68.5/32.0 71.0/95.5|41.5|24.0| 82| 64 |
82 69.0{90.5|77.8| 64.8 100 |56.4] 211 | 163 | 195| 92|68a|| 23|70.0 68.0{31.0| | |70.5195.341.0123.5| 82| 63 |
1l | |67.5190.2(77.1]63.8 99.5(55.8| 206 | 160 | 190| 90|679|| 22]|69.5 67.8]30.5 70.0{95.0/40.0]23.0| 81| 62
9| | |66.0189.9]|76.4|62.8 98.5(55.2| 201|157 {185 89|674|| 21/69.0 67.5|29.5 69.5/94.5/39.0/22.5| 81| 62
9] | |64.0/89.5(75.8/61.8 98.0{54.6/ 196 | 154 | 180| 88| 668 || 20168.5 67.3|29.0 68.5{94.3/38.0/22.0] 80| 61
88| | |62.5/189.2]75.1|60.8 97.0|54.0{ 192 | 151 176| 86]662|| 1968.0 67.0128.5 68.0{94.0|37.5|21.5| 79| 61
7 | |61.0188.9(74.4(53.8 96.5/53.4| 188 | 148 | 172| 84|656|| 18[67.0| | |66.5127.5 67.5/93.5(36.5{21.3| 78| 60
3% | 159.0|88.6/73.8/58.8 95.5/52.8] 184 | 145|169 | 83|651|| 17166.5 66.3]27.0 67.0|93.0135.5|21.0| 78| 60
5i | 157.5188.2(73.1|57.8] 194552.3( 180 142 165| 82| 646|| 16]66.01 | 166.0126.0 66.5192.8135.0120.5| 77| 59
2 | 156,0/87.9(72.4 56.8] 194.0151.7{ 176 | 140 [ 162| 81|640|} 15(65.5 l655i25.5 165.5|192.5134.0120.0| 76| 59
i1° | 154.0(187.6(/71.8155.8 193.0¢51.11 1731137 | 159| 80({634|| 14165.0 1€5.3125.01 | '65.0!92.0133.01 NA! 75| 59
T (52.5187.3]71.1]54.8] | | 92.0{50.6] 1701135/ 1561 77|629|| 13164.5 165.0124.0. 64.5:91.8132.01 i | 151 58,
i* | I51.0186.9(70.4|5381 | | 91.0i50.0! 16711331153 73|624|| 12164.0 '64.5122.5: = 64.0191.5:31.5 ! 74l 58
: i 145.0186.6169.7152.81 | 90.5:42.5i 164113011501 721618|] 11163.5 B33 210 €3.5:91.013G.5. | * 73% 57
2. | '47.5186.3169.1/51.8" ! I B0.5:48.91 1611128147 701612|| 10163.01 | 64.0122.0: ! :62.5i90.5129.5i ST e
{46.0186.0168.4150.8! | | i55.5i48.41 1581 126 | 1441 69| 607 91620/ | |638121.5: ! 1620190.3i28.0f ; : i. 37!
144.0185.6|67.7149.81 | ! :B8.0147.91 1551 124 | 1411 68| 602 8161.5i 63.5/20.5; : :61.5i90.0128.0i ! : 7i: S&!
142.5185.3167.1|48.8 187.0147.3( 152 12211391 67 | 556 7161.0] 63.0{20.0 61.0]89.5|27.0} 701 26
6{41.0185.0/66.4( 47.8 i86.0/46.8{ 150 120 | 137| 66592 616051 62.8/19.5 60.5/89.3| 26.0i 69§ 53
1139.0(84.7165.71 46.8 i85.0146.3| 17| 118 | 135| 65| 587 5160.0| | |62.5/18.5 60.0/89.0(25.51 63| 55
5]37.5(184.3165.1] 45.8 84.5,45.8| 145|116 | 132| 64581 41595 62.0118.0 59.0{88.5]| 24.5 69| 55
0136.0184.0{64.4| 44.8] NA 83.5(45.3| 143|114 | 130| 63576 3{59.0 61.8(17.0 58.5/88.0|23.5 68| 54
197.4}34.5/83.7{63.71 43.8( 100 82.5/44.8| 141|112 |127| 62571 2|s8.0! 61.5| 16. 58.0{87.8{23.01 68! 54
"96.3132.5183.4;63.1|42.8/99.5 81.5|44.3] 139 110 125| 61] 566 1157.5] 61.0]16.0 57.5|87.5]22.0| 63| 54
59196.2131.0183.0162.4| 41.8(99.0 81.0143.8{ 137 | 109 (123| 60| 561 o|s57.0l ' |eo.5|15.0] ' !57.0/87.0/21.01 y | 67| 53
53195.629.5]82.7 161.7 1 40.8]98.0 80.043.3| 135| 107 | 121| 59556 :
£7195.1128. 2 : : = 0la2. high nickel alloys do not conlorm closely to these general
Bisasi26sia51|c0e 3051oro| | [7801433| 333104 |117| 23| %3a] tables. Neither do cold-worked metals of low B-scale
5i03.9125.0181.8(|59.7137.7196.0 77.5/41.8| 129 102 | 116| 56 542 hafdnesis such as 8'0":;10"1 and the sol!eir 1llova- Sp;ecial
'.. 5 correlations are neede or more exaclt relations ips n these
9341235181.3159.0 36,7198 81 | 76 81T 41127 (101 | T4 TN [ 337 | C00 O e e0es i ont with ASTM 140 Tobles
2192.2120.5180.8]57.71 34.7194.5 74.5/40.4| 124| 98| 110 585] A0C S AncARTIC Aia10 Tabtes S and 3B. where m?““b'e-
1191.7/19.0] 80.5[57.0] 33.7193.5 74.0140.0| 122| 96108 SEEb e o ened Inthe Wilson
0,91.1{17.580.1/56.4] 32.7193.0 73.0i39.5| 120| 95|107 517 S :
2]99-5 16.0|79.8]55.7| 31.7]92.5 72.0139.0] 118] 94| 106 512 l;lole 1: A 1t_)rnm s:qel tall is used for 450 BHN and below. A
§]90.0|14.5|79.5155.0 30.7{92.0 71.0138.6{ 117] 92104 so7]> \Ommiaikideiall is Used abpve 40 BHN. o
7109.4/13.0179.2154.4|29.7191.0 70.5138.1] 115 91| 103 sp2| MNote 2: The lensile strength relalion to harcness is inexact,
6(88.8/11.5(78.8|53.7|28.7{90.5 69.5/37.7| 114| 90| 101 497 | even lor steel, unless il is determined for a specilic material.
5188.2/110.0|78.5|53.0| 27.7|90.0 68.5137.2| 112| 89100 492
4187.7| 8.5|78.2|52.4|26.7|89.5 68.0/36.8] 111| 87| NA 487
3187.1| 7.0|77.9/51.7|25.7|89.0 67.0/36.3| 110| 86 482
2|86.5] 5.5(77.5(51.0| 24.7|88.0 66.0|35.9] 109| 85 ar7
$1186.0{ 4.0|77.2|50.3(|23.7(87.5 65.0/35.5| 108 | 84 472
50(85.4| 2.5|76.9|49.7|22.7|87.0| | |64.5{35.0| 107| 83| 468




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

Resistencia al Mdédulo de
i Ir‘"hwﬁl; % | Raslstencia corte por elasticid Limfta
i la tenslén, als torsién, 10¢ 1b/pl Eorelento, | Nimerolyr 1o 4 ge
, kps/plg cedencla Kkips/ple? de elon- *.da 2, €21 durecidn.
Material ;- poz e ipe—| §3cién en | dureza | tenacidad | “geden
Heats ecmprlddnt et : r .3 plg pis 1b-plg/pligt mvm:ui?
: ! “ala | Uid.| Kips/plg e | Ui | Tensién| Corte - Brinell Xips/p
5 i i ceden. | ma lcedenciat | 8 !
: i clat - o e
o 2 as 7 15 6 1 130 80 1

s TR MR - & - o s e e e o e .

| Puadiclén ol miquel, 1.5% de nl-| i 5 " 20 ri - A e i -
quel L....iiiiisiiiiiiiaenaeaes i g 20 1 | 7

| Hierro S ..o S I 7 0 31 19 43 25 10 14 LT bl S ‘ 26

‘ Hm‘:&nlgngow. recocido. 0.01% 24 { 42 21 15 | 10 0 Tz 15 TARR T s o 1 26

Hierro forjado, 0.10% de carboso.: 30 ; 50 ! 30 Ta at ol 0] o | 100 licoo ! 23

d bomn f . 1 . !

Ml::'l,;dg ig:‘cnu:m:‘.r.. o ......... RS T T L 40 TR 0 | 1 13 v L1270 16 300 21
Rolado en frfo ....... T 60 36 noll  d0 I-n 17 s 12000 1 40
Fundiciones drecocign .......... HERRE ; 60 a3 21 43 3 | B : L5 i 130 :

Aczro, 0.409% de carbena: i : ' 3 i H
RS o callente . ............ | G o 42 23 Bl o o 25 1 |
Tr:!umlmtu térmico pnra £Tan0 | : L - : SRR i i r! s H

1 DUk s s S an ; 60 #0 o ik 3 : LR 23 5 %0 |

é Fundécia:;eld rccncldas e i 3 . 64 35 21 A3 30. ;12 l 13 130 i
Aceru, e carbono: H 5 ol 1 1 =

~ Rolado en calfente ............ i 63 . 100 a3 37 80 d0 = Ty 13 i 200 12 ¢ i 50

‘I Can lul:mi-mo térmlco para gra:- 5 ot o8 a8 ioh o i . I 15 235 15 000 . 33

acero, 0.80% 45" dasbanss” T : 5 X 5 - |
Rolado en callente ............ | 713 k20 ! 73 44 104 50 12 12 !

| Apagado en aceite, no laminada .. g 123 . 180 . 125 75 4 130 30 12 2 50 !

\Acero LU0R de carbona: : : i - ' e AT R T T e
Roiado en callente .............. i 5 115 & LR L 19 : % ey o il its
Apagado en aceite. no laminadc - ' fisri 2200 115 53 183 : S {1 1 Lcs L 2008/ H

Acezo al niquel, 3.3% de riquel, : ' : .

0.40% de curbono. miima dureza i 3 i ¥ : | 1 3 : S o ; i : X o

. Pita maquinabilidad ........... I 152 o) ll 130 i 20 ! 140 Jo i 13 Feid i 430 14 Cui l i

Ac;m al sih:gno:gnr‘;cm.v 1355 : 1 : ; i | |

e sllicin ] . tem-; i e ! & | % " H T 3

plado para t;soncs ‘n G ualis l 1710 ;. 174 13 73 J. 113 30 : 12 3 1 i 350 L_:l 060 o)
; Nota: La mayoﬂ\ de los aceros dcpendcn tanto del tratamiento témtco cormo de su composiclén para desarrollar propiedades mecdnicas pa:
'!cula:u.

TABLA A.2. REQUERIMIENTOS PARA FUNDICIONES DE HIERRO GRIS *

ol }Car;:a. de ruptura por flexién 2l centro, minima, libras
Clase Resistencia
No. a la tensidn 0.875 plg de 1.2 plg de 2.0 plg de
b/ plg? didm, claro diim, claro didim, claro
| de 12 plg dc 18 plg de 24 plg
20 20 000 900 1 800 6 000
25 25 0CO 1025 : 2 000 6 800
; 30 30 000 1150 2 200 7 600
35 35 c00 1275 2 400 8 300
40 40 000 1 400 2 600 S 100
50 50 000 1 675 3 000 10 300
60 €0 000 1925 3 400 12 500

* Basado en ASTM A 48.



TABLA §0-14 Composlclones y propladodes de éléur’w'os aceros inoxldabies

, Ruesistencia Esfuerze de
- . a lo lrmsien Sluencia Elungacion
Acero % C % Cr % M Otros {(pe) (psi) (%)
Austenftico
201 0.15 16-18 3.5-55 5.5-7.53% Mn 95,000 45.000 40
304 : 0.8 18-20 8.0-10.5 75,000 30.000 30
304L 4 0.03 14-20 §-12 75,000 30,000 30
321 0.08 17-19 9-12 Ti(sd x %C) 85,000 35,000 55
547 0.08 17-19 9-13 Nb {10 % % Q) 90,000 . 35,000 30
Ferrftico ’
430 0.12 16-18 6.’).(]'(')0r 30,000 22
442 0.12 18-23 75,000 40,000 20
Martensitico
416 0.13 12-14 0.60% Mo 180,000 140.000 18
431 0.20 15=-17 1.25~-2.30 200,000 150,000 18
440C 0.95-1. 16—18 0.75% Mo 285,000 273,000 2
Endurecimicnto por
precipitacion
17-4 0.67 16138 3-3 0.13-0.45% Nb 190,000 170,000 10
17-7 0.09 16-18 6.3-7.8 0.75~1.25% Al 240,000 230,000 6

Mudificado a pantir do Alrtals Hlandbad, Ve, 3, . eth, Ao Sem s Bt Moetals, (1280

|

TABLA 10-415 Propledodaes repraesanialivas de tundiclones liplcas
Resistenicia Esfuerzo de
a la lension Suencia %
Clastficacion (p17) (pst) A
Clase 20, fundicidn gris 12,000~40.000 <1 CE > 4.2%
Clase 40, l’undici:S'n qris 98.000-34,000 - <l CLE<4.0%
35018, fundicidn maleable 53,000 25,000 18 Ferrita
90001 , lundicién maleahle 105,000 90.000 1 Martensita revenida
60-40-18, fundicién ddcril 60,000 40.000 18 Ferrita
120-90-02, fundicidn ductil 120,000 90.000 2 Martensita revenida
Fundicidén de grafito grado B 30.000 40,000 | Ferrita + perlia

compaciada




FPROPIEDADES MECANICAS

. TABLA B.1, DE LOS METALES
NO FERROSQS *
Médulo ) )
Reststench § yogtouencts |40 wastiet- | Zospetsn | N® & Biog
Mrial 2 ls oedaaci b gy peddnl] dad o m 3 pls. durem Ib/pleat
por uasiéa | g tmxida, parcataje de
W/pkgt? 10% W/pl* Rtnelh ©
.

Cobre. 0.25 plr prowd:

Brooeidos prana e .05 mw 10 000 32 000 H 45 47 7.320

DR cves commimiorbwn 45 000 50 000 in 12 108 a.320
Niquel:

Eoledo w» exlicote,........ a5 000 73 020 a0 43 1o 0.0

el dwro ... ......00... 120 600 140 000 (1) 2 . 0.11%
Cloe:

Vaclada . ..., £ SR s Aeanacs 8 0C0 11 1 Q.2Q

Licias rolsds dera g 3 00Q 4 000 12 as Q.20
Alenizio:

¥iclado e trema, 1100.7, . 6 000 11 000 e 2 . Q.07

Umiss recocidy, 1 100.0 . 5 000 13 000 10 35 3 0.047

Limlna der2, 1100-RIS,.. . . 21 000 24 900G 10 5 44 0.097
Maznesio

TREl8a ccovmmnin pevis ket 00 13 0c0 11 ) 30 0.003

Extruida . ... ........... t 200 26 000 [} 3 A3 oong

KOG covvivoaiamyeio 3 000 25 000 ] 4 10 0.06G3

ALEACIONMES PESADAS NO FERRQSAS *

TAEZLA B2, PAROPIEDADES AMECANICAS DE LAS
Resisten- Médulo 1Porcien- MG
. Resis- |de elasti- Resis- ume-
Composicidn giﬁcﬁléfa tencia ec?da:él to da tencia | Fo de | Peso,
Aleacidn aproximada, £ La ala |por ten-| elonga- al dureza| 1b/pigs
| porcentajes P:;én. ¥ tensién |sién, 109/ clén en | corte, R?Ci‘l-
i Ib/pig? | Ib/P18* | lo/plg? | 2plg | Ib/plg? ; V€
bre; ;
szl?éoc%é? come 1ibre Cobre 61.5: cin 15 ano 41 eny 12 53 30 00 | Fer 0.30
Vs duro 15% de reducclén %5 es l'or:nc 3° 45 non 56 0 12 2 43 o0 | Bo2 0.30
Medio duro, 25% de reduccién sy DAY 32 nun | 6% ouu 14 1% 38 0ud | Bso 0.30
Lawgn ¢on alto contenido de plommo
(0.04 plg de grueso): -
Recocido. grano de 0050 mm } Cobre 65; cine 33; { 15 0NN 47 N0 1?2 55 a3 Fe6 0.30
Extraduro plomo 2 62 oW 85 (H 15 5] 45 (WK | By 0.30
Ladn -rojo (0.04 bplx de grueso): . .
Recocide, grano de 0.070 mm]'Cobre 85: cinc 15 [ 10 000 39 ana 12 38 3 ooon | OFGH 0.3
Bde tmelso extra dure ) * GL oD 78 (o 13 4 44 13X 131
ronce al al nd !
ooy er‘:";lm :a l:Cobre 89; aluminjo [ 2% om | 75 000 i R R B
Fotiidn 8: hierro 3 A7 S0 1 N2 gon 18 2 | ...... 0.0
Cob 1 beriljo:
ST e coida) }| Cobre 97.9: berilio s ¢ g 70 e0z] 3| e Bon: | 0.32
H.T. endurecido 1.9; niquel 0.2 1500 0o ! 2,8 00D 18 LI | C4t 0.32
Bronce al manganeso (A): Cobre 58.5: cinec 39.
Recocido, suave, duro 15% de] hierro 1.4; estaiio [ oo o NS 000 3 13 42.000 | Bos 8.2
Nducclén l; m:lnza.ncio 0.1 81 s2 ”U"_ lO .’a 47 OO BJ” ".30
Bronce al fésforo, 5% (A): ] o . - " &
Recocido, grano de 0.035 mm { Cobre 95: estafio 5 { ..E; N 49 (U0 3_‘ 27 PP Bt f:.-:'!
" E_-(Uaduenl,. grano de 0.01% mm U2 NN g4 iy | 5 1 ..... . a4 0.52
uproniqu 30% 3 5
Lami 20 { =233 b | " .32
Recocido a1 400°F. nado }| Cobre 70: niquel 30 ({ 7% Gon | 28 tao 53 i3 s | B 033

en frio, 50% de reduccién




TABLA 10-40 Propledades de algunas alaaclones de iltanio

Resistenicra

Exfuerro de

st

: : a la lensian Sluencia Elongacidn
AMaterial (psi) (psi) (%)
Titanio comercialmente puro
99.5% Ti 35,000 25,000 4
99.0% Ti 80,000 70,000 15
Alcaciones Ti alfh
5% Al-2.5% Sn 125,000 113,000 15
Aleaciones Ti beta e
13% V-11% Cr-3% Al 187,000 176,000 5
Aleaciones Ti casi alfa
8% Al-1% Mo-1% V 140,000 120,000 14
6% Al-4% Zr-2% Sn-2% Mo 146,000 144,000 L]
Aleaciones [ alfa-beia
8% Mn 140,000 125,000 15
6% Al-4% V 150,000 140,000 8.
Dana de Mateh Handbood, Vb, 3, a0 ol Anerwean Sen s e .\lrt..ﬂ:]‘J‘Hll—_ T o -
TASLA 10-14  Propiedades de melales refractarios *
Temperatura wurhiente T = 1000°C
Temperatura Resiviencia Esfucrze de Hesiriencio Esfuceza de
dr finien Deavided a lu tension Muesicfu Flnnoattun n In tensicn fnencin
Metaf ("C) (zfrn’) () (e} {4 ) (har) )
o 470 .34 13 NGC 20,004 23 17.000 3
Mo 2510 126 S A 6 30,001 19 20500 30.00¢
Ta ey K] 30600 33,000 A3 27.600 23.000
W 3315 1923 300.000 220,004y ; 36,000 13.000
Pante 1 — METALES (Tomados de medios numerosos)
t ' i
1: Con'it:_;::l:iad g Expansién | Reslsdvidad Médulo de
al - cal'c:m térmica : eléctrica en clasticidad
Materi Densidad T plg/pPlg/°F ohm'em promedio,
C-cm;-seg . 2920°Ct ; a320°'Ce Ib/plg* a 20*C
a 20°C l
— : =
Muminfo (99.95) 2.7 0.33 12,6 X 107¢ | 2.9 X 10-¢ 10 x 104
Meaciones Al 2.7(%) 0.4(x) 12X 1078 : 3.5 X 10-%(=) 10 X 10°
Latén (70Cu~-30Zn) $.5 0.3 11 % 10-: 6.2 X 10-: - 16 % 10%
tronce (95Cu-3Sn) 8.5 0.2 10 X 10~ 9.6 X 10— 36 X 10%
tobre (59.9+) £.9 f 0.95 9% 109 1.7 X 108 16 X 10°
= -8 - -8 é
Hletro (99.9 4 ) 7.897 0.18 6.53 X 10 9.7 X 10 . 29 X 100
fomo (99 4+ ) 11.34 ! 0.08 16 x 10-¢ 20.63 X 10~ 2x 10
i 1.74 0.33 14 X 10-¢ 4.3 % 10" 6.5 > 10¢
fonel m:roi:g:;-o)c ) 55 0.06 8% 10°¢ 18.2 X 107 a8 i {I0°
ne u . :
\ 1.0 10 X 10-% 1.8 X 10—¢ 1 x 108
Mata (sterling) 10.4 ‘




TABLA 10-2

Sistema de designacién para las aleaciones de aluminio

Alcaciones para forja

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

2xxx Al-Cy

Ixxx Al-Mo

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

6xxx  Al-Mg-Si

7xxx  Al-Ng-Zn

Aleaciones fundidas

Ixx.x  Alum. corrcrcialmenie purg

2xx.x Al-Cu
Jxx.x  AlL-Si-Cu 6 Al-Mg-Si

4xx.x  AlSI
Sxxax  Ad-My
Txx.x  Al-Mg-Zn
8xx.x  Al-8a

No envejecido
Endurccible por cavejecimicnto
No envejecido
Endurecible por envcjecimiento
si hay magnesio presentg

o cnvcjecido
Endurecible por envejecimicnto
Endurecible por envejecimicnto

No envejecido

Endurccible por envejecimicnto
Algunas son endurccibles por

¢ envejecimicnto

No envejecido

No cnvejecido

Endurecible por envejecimivnto
Endurccible por envejecimiento

TABLA 40-3

Propiedades de algunas oleaciones de aluminio

Hesistencia  Esfuerzu de

a la tenston Hueacia Elunpacton
Adeaciin {21 (p3i; (%) Comeztarivi
Alcaciones para farja no tratabics
térmicamente
1100-O >99% Al 13.000 5,000 40 Compunentes eléctricos, hojas
1100-HI8 24.000 22,000 10 metilicas finas (“"papel™).
3003-0 1.257 Mn 16,000 6.000 35 resistencia a [a corrosidn.
3003-H138 29,000 27.000 7 Latas para bebidas, aplivaciones
41043-C 3.2 Si 21.000 10,000 22 arquitectdnicas.
5036-0 5% Mg 42.000 29 009 35 Metal de relleno en soldadura,
5056-H18 60,000 30,000 15 recipientes, campaonentes
Aleacioncs para forja t(ratables marinos.
térmicamentc
2024-Q 4.4% Cu 27.000 11,000 20
20U94-T4 63,000 47,000 20
$(192-T6 12% Si-1% Mg 35,000 15.000 9 “I'runsportes, acroniutica,
60681-T6H [% Mg-0.6% Si 43,000 10.000 15 astrondutica y otras
T073-T6  5.6% La-2.5% My a3,u00 73.000 il aplicaciones de alwa resistencia,
Meaciones para lundicién
295-ThH 4.3% Cu-0.8% Si 35.000 24,000 5 Areni
519.F 6% Si-3.5% Cu 27.000 18.000 2 Arcna
34,000 19,000 25 Mulde pernancate
356-T6 7% Si.0.3% Mg 33.000 24,000 3.5 Arcna
38,000 27,000 5 Molde perinanente
3so.F 8.5% §i-3.5% Cu 46,000 23.000 3.5 MNlolde permancate
340-F 17% Si-4.5% Cu-0.6% Mg 41.000 35,000 1 Coquilla
443-F 5.2% St 19.000 8.000 8 Arcna
¥3,000 9.000 10 Molde permanente
33.000 16.00Q 9 Cuquilla
T3-T5 75% Zn-0.7% Cu-0.35% My 30,000 22,000 4 Amna

Lt medificadin de Alcels Handbowk, Vid, 2, 93, cd.. Amcerican Socicry he Metals, 1979,




TABLA 404

tfecto de los mecanlsmos de endurecimiento en el aluminloy en las aleaclones

de aluminlo
Resistencia Esfurrro ) s
; -a {a tmrign n’r/j?'umn'a Elongacidn Esfuerzo de fluencia (aleacicn)
Alaterial (psi) (psi} (%) Esfuerzo de fluencia (pure)
Aluminio puro recocido 6,500 2,500 60
(99.999% Al)
Aluminio puro comercial 13,000 5,000 45 .2.0
{recocido, 99% Al) Lo
Endurecido por solucién . 16,000 6,000 35 2.4
sélida
{1.2% Mn)
Aluminio puro trabajado 24,000 £2,000 15 8.8
en frioun 75%
Endurccido por dispersidn 42,000 22.000 15 8.8
(3% Mg)
Endurecido por ,
envejecimicnto 83,000 73.000 11 29.2

(5.6% Zn-2.5% My)

* Dacos moditicadon de Aeiols Handbosk, Vol. 1, 9u, vd., Amcrican Sucicty fue Meials, 1979,

TABLA 10-7 Propiecodes de aleaciones lipicas de cotre obleniaes per dilerenies mMecInismos ce
endurecimienlo
Designacian de Reststencia Espuerzo e Elonga-
grado de a la tenston Sluencta clua Mecanismo de
Maierial enduretimiento (ps1) (pri) (%) endurccimiento
Cobre puro, recocido 30.300 4.300 60
Cabre vomercialmente pura. Q35050 32.000 10.000 55
recocido para engrosar
vl tamadio de grano
Cobire comeraizlmente purn, 03025 34,000 11,000 55 Tamano de
recocido para alinar grana
¢l tamafio de grano
Caobre comercialmernte puro, HI10 57,000 33.000 ] Fndurecimiento por
trabajada ¢n frio delormacion
Cu-33% Zn recocido 05030 47,000 13.000 62
Cu-30%e Ni tal como sc labrica M20 53.000 20,000 43 Sulucion solida
Cu-l(_)';'e Sn rccoci.do 05035 66,000 28.000 68
Cu-35% Zn trabajado en [riv HI10 98,000 63.000 3 Solucién
. . » solida +
Cu-30% Ni wrabajado en [rio H30 84,000 . ¥9.000 3 Endurecimicnto por
. deformacion
Cu-2 % Be endurecido por TF0O 190,000 175,000 4 tncdurecimicnto por
envejecimiento . envcjecimicnto
Cu-Al templado y revenido TQS50 110,000 < 60,000 5 Reaccidn
inarncnsftica
Manganeso bronce fundido F 71,000 28,000 30 Reaceion cuterioide

Dawes de VMrtals Meaddeod, Vo, 2, ¥a. c1h. Amcriczn S bety koo Motaks, 1974,




" TABLA 10-8 Designaciones de grado.de endurecimlenlo para aléeaclones de cobre

Hxx-—trabajada en [rio. {xx indica ¢l grado de trabajo en frio.)

HO! { dura
HO? 1 durma
HO03 1 dura
H04 dura

H96 extradura

HO8 de resorte duro
H10 de resorte extra
HI12 de resorte especial
Hi4 de superresorte

Reduccién porcentual en
capesor o didmetro

10.9
20.7
29.4
s
50.1
60.5
63.6
75.1
80.3

Mxx—ial como 3¢ manufactura. (xx se refiere al tipo de provese de flabricacidn.)
Cxx—recocida. (xx designa ¢l método de recocido.)
OSxxx—recocida para producir un tamafio particular de grano. (xxx se reficre al didmerro dod
grano en 10™ mm. Por tanto, 03025 senalaria un didmetro de grano de 0.025 mm.)

TBOU—1tratada par solucidn.

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

"TABLA 10-9 Composiciones. propiedaodes vy aplicaciones de glgunas cleaciones de niquel y ¢obaito

Revistencia Esfuerze de )
a la tenyion Suencia Elongacién
Muterial (psi) (i} (%) Aplicactones
Ni puro {99.9% NY)
Recocido 30,000 16,000 435 Resistencia a la
Trabajado en frio 95.000 90.000 4 corrosibn
Monel 400 78.000 39.600 37 W ilvulas, bombas
(NI-SI.S?{- CLQ' ] ’ cambiadores de
Superaleaciones de Ni calor
astelloy B-2 13,000 S0.000 1) Resistencia a ja
(Ni-28% Mo) corrosidn
MAR-M246 140,000 125,000 5 Motores de reaceidn
(Ni-10% Co-9% Cr-10% W + Ti. Al Ta)
D3-Ni 71.000 418,000 14 Turbinas de gas
{Ni-2% ThOw)
Superalcaciones de Fe-Ni :
Incoloy BOO 89,000 41,000 A7 Cambiadures de calor
{Ni-46% Fe-21% Cr)
Superaleaciones de Co
Hayncs 25 135.000 65,000 60 Muatores de reaccidn
(530% Ca-20% Cr-15% W-10% Nu
Estelita 68 . 177.000 103,000 -4 Resistencia al desgaste

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

por abrasidn

Datos dde Merals Handbood, Vol 3, Y4, odiy Arnctuan Sockty b Mutals, 1980,




PARYZ 2 — CrnrAmicae (Tomados de medios numerosos)

)
- .. ‘ ductividad . .
('::énm:icct:. c: . Expansién Resistividad ©" Médulo de.
Material Gravedad il térmlca en eléctrica en elasticidad
e especifica —_— plg/plg/°C ohmcm promedio,
*C-cm?seg a 20+ct a 20°C} ib/plgt a 20°C
; 2 20.0. ‘.-\ i
| AL0, 3.8 007 £ 5% 10-° - 50 X 10°
} Tabique . '
| Edificto 2.3(x 0.0013 5% 10~9 - = . —
| Arcilla fuego 2.1 0.002 2.5 % 10-¢ 1.4 X 108 —
i Grafito 1.5 = 3 10-¢ — s

Pavimento 2.5 — 2 % 108 = —

Silice 1.75 0.002 — 1.2 X 108 —
Concreto 24(=k) 0.0025 7% 10-0 -— 2X 10%
Vidria

Plancha 2.5 0.0018 5% 10-9 1014 —_

Borosilicato 2.4 0.00235 I.3x 10" - 10 X 10°

! Silice 2.2 0.003 0.3 10— 10%¢ 10 X 10%
Vycor 2.2 0.003 0.35 X% 16—¢ — —
Lana 0.03 0.0006 — — —
Grafito (bulk) 1.9 — 3% 10-6 10-° A 1% 108
. Mg0 3.6 — 3% 10~ 103 (2000°F) 1 30 X 109
Cuarzo (SiO,) | 265 0.0 | T X 10-% —_ 15 X 10¢
Sic | 317 0.029 | 25X 10-¢ 2.5 (2000°F) e
TiC | 45 0.07 i + X 106 50 X 10-% 50 X 108
PARTE 3 — MATERIALES 0ORCANICOS {Tomades de numsrosos r::ed.ios)-:
! ductividaé ;
! C?:n:g: en Expansion . Resisuvidad Médulo de I
M . Gravedad Salieg : térmica en | elécrrica en elastdcidad !
Material especifica ple/plg/°C | ohm-em . promedio, !
i 'C-cmtseg a20°Ct , ag20°C: i lb/plg® a 20°C ;
; a 20°C* . : :
Melamina-formaldehido ! i.3 0.0007 : 15 10-¢ i 10'3 ; 1.3 % 10° ’.
Fenol-formaldehido 1.3 0.0004 Fo40x 1070 102 0.5x 108§
Urez-formaldehido 1.5 0.0007 i 15 109 . ' 1.5 109
Hules (sintéticos) 1.5 0.0003 : — — 500-10,000
Hule (vulcanizade) 1.2 0.0003 ' {13 x 10 1014 0.5 108
Polietlenc 0.9 0.0003 : 100 X 10-¢ 1013 s
Poliestireno 1.05 0.0002 Y33 x 1070 10'8 ; 0.4 X 108
Elorsro de polivinilideno 1.7 0.0003 . 103 x 10-¢ 1013 . 005X 108
- i = '
Roliterafluorcetlienc 2.2 0.0003 ¢ 53X 10-4 1010 : =
#etacrilato de polimedlo 1.2 i 0.0005 X 50 X 10-¢ 106 l' Q.5 %X 10¢
dylon A R 0.0006 i 53 107" , 10'4 [ 04x 10

ltipllear pot 0.906 para teoer Piu.plg/*F-pict.seg. t Muldplcar por 1.8 para tener em/cma/°C. I Dividir entre 2.54 para tener ohm: plg.



~ TABLA D.1. RESISTENCIA DE LA MADERA SECADA A LA INTEMPERIE 4.}

. ~ _
Flexién estidea® . Flestin nan...vn_a_ﬁﬂsmﬂnp_-_- P
per L7 slén per Cortt
et iy
Nombre comercial “ﬂ” Peso, nm,.—un.:nn-wﬂ Mbaulp de . deieaida Eatoerze 1o rlstencta .-.hﬂﬂnﬂn. nﬂ.—-_“.”m
® W/ple? | yrggen el que causa en el U S PP en o lf- mdxir
. cifico lmite ja falla, mlte Bro- n \v_n.. mite pro~ | 1b/pig?
propor Rustura s, golpe de vann_oaur porcional,
clonal, ?wau. * | 1 e00 e 50 by 1b/plg lo/plg ¢
1o/plgt plx
Fresnoe de Oregén.,......| 0.53 3 7000 | Ci2 700 1360 3 4 100 6 040 1 510 1 v9C
Zedar, rojo occidental. ... N3y 2 5300 | 7700 11 17 4 360 i 610 L{ilH
Douglas fir (de la costa).| 0.4% 10 8 10 11 700 1 920 30 6 450 T T 420 210 1140
Hemlock, oceidental,....| 0.42 20 6 R00 10 100 1 400 26 3 340 6 210 €30 1170
Jcore, verdadero........| 0.7 45 10600 | 19 700 2150 73 §070 | 231 2 140
Locust, negro..........| 0.69 {1 12 300 19 400 2 050 57 6 Son 1N 150 2 260 2 480
Maple, rojo............| D.34 e 3 700 i3 4C0 1 640 32 ° 4 650 ¢ 340 1 240 1 3a6
Roble, blanco...........| 0.6 42 L)) l_u 200 1 620 -39 4 350 7 DN 1 410 1 800
Pino de pondercsa.......| 0.40 235 G ann 9 00 1 260 17 4 fCO § 270 740 1160
Pino de hoja larza.......| 0.38 30 9 300 14 700 1 990 34 6 130 8 410 1 190 1 300
Madera roja (virgen)....| 0.4n 23 6 200 | 10 (KK 1 340 19 4 360 b 130 8§61 20
Abeto de Sitka..........| 0.40 25 8 700 10 200 1 576 25 1 780 3 G610 710 1130

.

Wood Handlook (Manual de la Magera), Forest Products Lakorztory (Labsratoris e Pruductos Ferestaissy, U.5. Devartman: of Agmeulsurs i7
partamento de Agncultura de los Estadas Unides), 1955,

Tuodas las propetas son de madera limeia de grano rocio €57 9 coniznica
Probera de 2 X 2 X 22 plg scbre claro de 28 pig.
Protctade 2 x 2 % 4 zlz, 6 pig lonptud.

Probeta de 22 2 %X § plg, 4 plg? bajo carga.
4 plz! bajo cargza, Reslstencia al corte fransversal al rrano, aproximadamson:ie 3 veces ol equivalente de la parazlela al grano.

dr n

ea2q dr




TABLA 13-2 pPropledodet de algunos maleriale relorzodos ¢on libras

Kesuteacra Aluduls de Temperatura AMddulu Hesiatencia
' Drasidad ¢ la temaiin clasticidad © de _fustdn espreifice evpecifica
Material (e/em?) (ki) ( x 12 psi) (%] (= 1 ply) (x MPply)
Vidrio F 2.3% 500 10.3 <1725 1.4 3.6
Vidriv § 2.30 630 12.6 <1745 14.0 7.2
$iQ, 2.19 850 10.5 1724 13.3 10.8
ALO, .15 $00 23.0 2015 21.9 2.6
210, 4.84 500 + 50 2677 28.8 1.7
Graliio HS 1.50 400 40 $700 74.2 74
{alta reaisiencia)
Crafito HM 1.50 270 77 3700 143 5.0
{alio mdédulo)
BN }.90 200 13 2730 18.8 29
Jorn 2.36 500 55 2030 4.7 4.7
B.C .36 30 70 2430 82.4 19
SiC 4.09 we 7 2700 47.2 232
Til 4.44 13 74 Y940 15.3 2.}
Be 1.33 135 44 1277 rirgh) 2.3
W 19.4 580 39 3410 3.5 0.3
Mo 10.2 30 32 2610 1441 d.9
Kuvlar 144 323 1a 4.7 10.1
1V hivkers
de Al .98 loao 62 1982 43.4 21.0
de Bet) 2.85 1500 50 2550 48.5 18.%
de H.C 2.32 2000 70 2450 76.9 22.1
de 5iC 5.18 3000 70 2700 60.8 26.2
de Si,N, .13 2000 55 - 47.8 17.5
de grulitn 1.66 3000 102 . 3700 170 50.2
de Cr 1.2 1290 35 1890 134 1.9
de Cu 8.92 427 18 1083 58 .3

Adopaboah £, L Hicarnan, = Mua banp al Prosenios ol Fitner Reinboved Pasa b, (Compoia rarmning Lominaan, 0l Lo H Dz, e MLLE,
Proas, i ' .




TABLA B.3. PROPIEDADES MECANICAS DE LAS ALEACIONES UdERAS NO FERROSAS*

t Para convertit N/'m? en kgliem?, nultipliquese por 1.620 x 10~3 y =n Ib/pulg?®, por

149 x 10-4,

+  1Para coavertir N mikg en kgl * mig, multipliqueze por 9.80 y cn 1b * pulgile_, ...

por 4.01,

Meststan Modua Nime.(Limite de
- lde elawti- Ifatiga paral
- . cia a la Reglsten- Poreleato| Restfate- | ro de Peso,
Aleacldn f:::;::?:‘ cedencta | €2 a la ‘:M'f:" de elan-| e¢la ol | durezas rf:u‘:;:“ brplg
: g ot | [ tensidn, |02 P hacién enl corte, de vertda
porcentaje lefllldn.f 1b/plce 1o 3 plg brplg | Rock- 1b/plg®
Ibepig: b/ plg” wel]
Aleectén de afuminio 2024, Aluminie 93; vobre 4.3 i -,
Temple O } magnesta 1.5; manga. 11 000 27 000 10 4 20’ 18 000 Hvo 13 000 0.100
Temple T36 neso 0.8 { 37 000 T2 000 10.6 1 i1 oo Hgo 18 C00 0.100
. Aleaeién de aluminio 2014: ! ; .
Temple O , M:Hjn;:h:;.:;stmcz?::ﬂ;:' f 14 00O 27 00O 10.0 18 13 o000 :u_‘.' {; ggg g.loi
Temple TG 0.8: maxncsio 0.4 l nd 000 70 000 10.¢ 1 42 000 &3 .10
Alercidn de aluminlo 5052
Temple Q } Alumlinla 97; magnesio 2.5; 11 000 28 000 10.0 3o 18 0G0 1182 16 0O 0 09g
Temple H3E crome 0.25 { A7 000 | 42 Cwo 10.0 ] 24 000 E85-| 20 000 0.0UG
M;":c-:ab;:edoc Huminfo 3436: ] Aluminle 84; magueslo { 23 000 45 000 a4 28 000 0.092
® 5.0; maganeso 0.7 co : e 5 shogas | owme } nmede pods
Temple H321 bre 015 cearmp 005 17 000 3t 000 e 16 30 000 PR e 0.09
Aleacién de aluminio 7073:
Temple O Aleactén $0Q; cinc 5.5; J
15 oon 33 000 ceen 17 22 goo | B3
Temple TE } cabre I‘.)S; magnetio 2.5; 1 73 000 21 000 o 11 18 000 ngo 23 00p
Aleacién de magnesio AMIOGA. croma . [
i:::::ﬁ: ::::&?: ‘r!;u } Magnesto 90; aluminta 10: { 12 onn 22 00 6.5 2 13000 | Eii 10 000 | 0.064
* manganesgo N1 P ) 40 00O G.5 1 21 00D ¥30 10 000 0.0¢0
Aleacién de thagnesio AZE3IA:
Fundicién, condicién F } Magnesio 91; aluminio 8; 14 ONO 9 000 6.3 ) 15 000 E39 11 goo 0.064
Fundiclén, condicién T8 cinc 3: manganeso 0.2 [ 19 Cop 40 000 G.5 3 20 000 Ea3 11 o0 Q. 06d
Propiecades aldsticas cs matarizles representatives,
alemperatlura ardinaria
Méculo Rigidez especifice
Yourny Belacion E».
Material E, 10 N/m*! de Poisson.»  10% N - mikg
Grafito 120 5000 TADBLA &-3  Reiccidn enlre el
Cristales de Al;0, (zafirel . médulo de alesticidaz v 1o
{1010 230 280 temporotura de fusién ¢o los metcles
1120 125 10 - )
{0001: 43 320 Tenperetura de McAule de
B D " ! Juziiz elertividud
ore ~ 43 0.21 190 Meal (*C) (psi)
Carburo sinterizada (W) 65 0.0 4§
Vitreo-serdmico 10 0.25 a9 Pl ae7 2.0 »% 16"
Vidrio de silice 8 T a2 Mg ol A5 = 107
" . . ) I3V [ . 2
Aleaciones de aluninio 7 n.53 25 ‘R' 32'2 ":-3 « ‘2
. i 3 1G
Acero. 20 0.2 25 Au 1064 113 1g¢
4 ',q o e o - -
Tuagsteno , 1 0.2 wl Cu 1035 184 # 168
Madera (tipica) ! ; Ni 1453 29.9 x 108
longitudinal} -1 ~n.04 18 Fr 1538 0.0 ® 198
radisl 0.07 ~0.3 1 .\I.u 26510 434 %« I:}:
tangencial 0.06 ~0.3 i W 3410 34.5 % Ly
Aleaciones de cobre 12 .33 13 o
Nilén (nylon) 0.3 0.48 32
Polietileno 0.04 . .05 04
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POLIMEROS POR CONDENSACION.



FIGRAS ARTIFICIALES  (ORGANICAS)

PROPIEDAD FIRRAS PATURALES FIBRAS .
fE LAFIBRA 1. veGeTALES ANIHALES " CONFENSACIOH *, | ADrcion |ARTIFICIALES
! , ! [KORGANICAS
| NOMBRE DE FIBRA ALGODON L.AMA SEDA NILOK TEFIYLENE POLIETILENO| VYIDRIO
Fiorotna ‘ . .
(UNIDAD MONONME CeLuLosA QuERAT 1HA Y Ms10A EsTER . ETILENO 8102
SEricina ,

RESISTENCIAS . ‘ F

V) Avcauts Il ALTA RAJA BAJA ALTA REGULAR BUENA ' HALA
ny- e b ALTA ALTA ALTA REGULAR REGULAR’ | REGULAR BUENA
c) AC1003 BAJA RIA BAJA BDAJA RéGULAR BUENA - BUENA
n) HONGOS REGUL AR REGW Al RAJA ALTA ALTA -ALTA ALTA
£) INSECTOS: [ WK DAIA HAJA ALTA ALTA ALTA ALTA
DENSIOAD - 154 arend | 1.52 /el 1.22 Lserew’| 1.3 | os0owed| 2527 e/cd
sssorsencia 020 | 7-2.5% 1wy b s ) e cast mi: owma ’
LONGI B, 12-65ms | 35-35ee |71 %8 W00 25 126
ooy FESD U 102 ka/cu? |10 kesen” |3.70k6/cn? |50-T0xa/cn?

C 1! 5
AL IO (rascsdy| 4-200 1.0 4.90 5.0 1.900 400 |- 21.00
T k= | 100 10 200 210 220 70 350
DIAMETRO 20 16-50 8-15 !




TABLA 12-2 Meros y los propledades do algunos lermoplasil

cos producidos medianle polimerizocidn

por adiclén
Mdidulo _ =
Reststencia de
a la tensien | . elasticidad . Densirdad
Poliinero Estructura (pri) Elungacuin (%) L k) i (g/cin’)
H '
Polictileno }i{ | !
baja densidad (BD) vermm C— G 600-3.000! 50-800 15-40 0.92
alta densidad (AD) B 3.000-5,500, 15-130 . 60-180 0.96
H H ' -
i
Cloruro de polivinilideno —?-——f-—-— 5.000—9.000f 2-100 300-600 1.40
H H |
H H
Polipropileno _(': (i—' $:000-6.000 1= 163 -220 .;\.'.h\
H H—-—?—-H
H
LS
Poiiestizene T Tyt 3.200-8 008 -3 33030
H
~
HiH
i -
_ —c—t
Polimetiimetacrilato J{ =0 6.000-12.000 2-5 - 350-450 1.22
(Plexig!ass acrilico) |
: (0]
| I
H-—-Cl:—H
H
H  Cl
- = S :
Cloruro de golivinilo -—--?—C-—- - 3.500-5,000 160-240 50-80 1.15
|
H Cl
F-C)
Policlorotrifiuoroetileno _(l:___(f:__ 4.500-6.000 80-250 150-300 2.15
| !
ook
Politetraflucroctileno | 2.000—7.0d0 100-400 60-80 2.17

(tefldn)




TABLA 42:3 (continuacién) ‘
. Médulo
Resistencia - dé
& la tension dlasticidad Dengsidad
Polimcre Estructura (i) Elongacidn (%) (ki) (¢/em?)
Poliimida 11,000-17,000 8-10 ‘ 300 1.39
& & w
7 .
---—N\ /N
§ C C .
; o H
PE iy .
JABLA 412-3 Unidodes repalitivas y propiedades para lermopldasticos lipicos Que tienen estructuras de
cadenc ¢omplicedas i ‘
k Midula
; Resisiencia ] de ;
i a la tensiin | clasticidad  Densidud
Pulimera Fatruetnra (i) ! FElongaciin (%) (ki) (ulem®)
¢ | | K ~
Polidter e C—0Q—C—O—~C—0— 9,500--12,000 ° 25-75 520 1.42
(acetal | | |
L |
Poliamida 11.900-12,000 &0~ 2300 -.!00--500 i.14
fnvion’ i
- % S B O E B E &2 Q B |
1 . ! ! Il ] i l :
wii—o— C—C—C~{—N—C—C~C—C—C—C—N-— |
[ N T I
H HHHHH H HHH ‘
Poliéster §.000-10,500 50-300 400-600 1.36
(dacrén) |
|
; H ) Q H H |
v | 1 P
—?—O—C c——o—cI:—(!:—o—--- ,
~ H H H
Policarbonato 9,000-1 l.OQO 110-130 300-400 1.9
- L.
il G
H-—(IZ—H
H
Celulosa 2.000-8,000 5-30 200-250 1.30
H H
| |
P9
C—————~C



1ABLA 12-4  Unidodes repetliivas y proplodades de algunecs elostomeros

Polimero

Resistencia
a la tensicn,

(psi)

L. Densidad
Elongacién (Fo)  (g/em’)

Poliisopreno

Polibutadicno

Poliburiteno

Policloropreno
{neopreno)

Butadicno-estireno

(caucho BS o SBR)

kuladieno-acriloni:rilo

Kilicén

1

aw i

jm—OQ—S5i—-0
|
H—?—-H H-—-CIZ--H H—(l}--H

I~

350

1000

3500,

600-3000

700

t
il‘,qdl
i

;f‘f‘
i 35041000
ﬁﬁg]}'” i&f3.u-

800 0.93

0.91

3s¢ 0.92

800 1.24
600-2000 1.0
400 1.0
100-700 1.5
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JABLA 42-5 Grupos luncionales para varios polimeros tggoeslobles
e Modulo
Resisiencia de
: ; a la lensidn : elasticidad Densidad
Polimero Estructura : (pst) Elongacion (%) (ksi) (e/em®)
.\ H :
l.' '
(0]
H H
Fenélicos 5.000-9.000 0-2 400-1300 1.27
i H H .
; H .
Viia H H " ;
. Aminas N 5.000-10.000 0-1 1000-1600  1.50
Ol I
e C
. x/ \ Melamina
| I
H G i
T N e
N N N
7/ N
H H . 4
; 3
H (0] H
" / |
N—C—N Urea
A N '
H H !
Pulidsterss —0—C-—-C=(’I-—(':—'.')-— F.000- LG =i """ =3
/0\ Lo wf N /H !
Epéxicos \C—-—C-—-R—C-———C 1.000- 15,000 0-6 400-500 1.25
/ N
H
-1 34 1 40eR
Uretanos H—O—C—N—R—N—C—O0—H 5.000-10,000 ; 3-6 1.30
] |
H H -
H
i y
H (o}
iy
H\ o C\
Furanos G H 3.000-4.500 1530 1.75
N
(0]
7
/C=C\
H H
[~
(0] H—('I--H 1
Silicones S t—O0—St— 00— 3,000-4.000 (1} 1200 1.55
|
H '—--H H




o

14

¥l

appia
bproe
Vi)Y )3
1§ ey

SE Bt Sy a—— —

DEIN-SIIN
Bo-sTo

8ty
s

0°1-50°8

YL
Lt L
R 16
w wppu
L)

onimil vmisiL s [ epsiong A
) " T ouor | mmiee
naudwn), wrdy | eacenyy, |nearcimny, | sweminiog
t
g npin| werny | mespdng g
pPMfRTy | U Yy i owIny Uity
oty L5170 wmeine L0 q §BRIN
wa-'e 2y o MR we-wo
Fr§¢ Dy s tee's g0 $ L5t
11 " ot ssi-on L) m ST2-51
[} oEl L [ 8 H L yi-s
SOL-SxIY T : p LR STIN veN
L B -l ; S0t 0 oLug M ]
i |
JAR] -4 §H-0 1=t n-3
w-Lt Pt tri-i'e Le-IT et
5 0g-0 1'%+5°L Pt | 0w
M-t SHOy L)
0L [ 53 il = o L 314 A
§$°1-811 [} - 0% 1-52°1 W -ti 1
YL Ltwopntd) | Limumana) | 4§ (oprady o
NP (oGP ap t | CASH ou | dwen W] e
M) sire | <)o om | -1 ep amy Ly e opemt | <L) wsop R
B oo | 4 CEmied | -op W wm | -10) SR | ap opeiay
“thwm vosas | 0 opp faov pespom | e
W epEa B spedey) |1p meciur)
" asndwa)
wnpa &
SDON 33 mpacer)
-

opriitin Ll TH
mtie
L5 ot ud R B L F i LTS
FoERAT] [ TH ot 3
N LUTRR] e
TN R'Q:+Y
Wit LD too
(AP $60°L
o YHE-0LT
vy %
SEIf N waliv- gl
T A SE'netSw
ul- at-ut
(I8 £E5-ce
1 <t
T 050
£15L - o 5 g
M R N T 2% 11l
§ twapmy e § (9ayery
U5} wom )
ANR[EpNl T pampnn
“A-rujar e L T ]
*POPIFRIEE  , ma epygenivy|
R b Hj TAam I
Woetewdmel) ¢ guatn
I
|
1

» SODLLEV W SOT

TR “ (
Pooommin] ey | spen AT ) enersan
' wve | o | .
hoomurenug]  wen | emq | omeantmy | reeeses
_ E soaeg v ' gvoeng ¥ LK)

e priny Bty anmsn| eterene
iy _
sesnan L sy : nudg Ly weesene
Foto | SUTHD — vi-e o0 LT AT
]
sUo-01°0 | sro-n0'0 ¢ ac'o-50'0 o009 Wiy
. SIS0 51-5°9 _ 65 SRS wsiy
] 1
| sit-s9l 005058 m N8-09% 09010 na
T ]
ﬂ 0 ¥ $310'¢ 09-3'% seod
m BZUI-COIT [ wSE-20I ORS00 | E2TN-FENIS 8L
s arpruse '§5L0 029430 i DR003' bSe u
| _ _
TRY HET HE 7 BEREETT S 1Y
| sia o851 ez | oseot $63 4
i A
_ st ttee s orTe | 12
rISL | 5080 1010 5101 5824
69 e ciey 22~ liseureesd
wroet | ¢Hi-oet 2'1-cet 0871521 reLq
FUDR N PR /O CHVIVH U, SRR IR
puNtTE AR R LA NE
jinbmrn | wn) w iy
wwm) | e L sy
it gL NN | Y o
pIPvRg ) | sdremaap
Vit ‘omy opearal oprpeyy LM )
b o e Vs sa s e
SIS [oan A St
© e 4 b b — T | o s S S tmm— e ve mm e v e am— —

SUavVadcond

|
(e s ovmang

SRR IERPRINND

el

Tet epTaebem 3 DRI
% 'wegd g oY
AOIS W W egiaegy
AP 0F ‘Typedmy B Jeuy
ssevestesis mon ga
‘TN Ry
esseanieer g mgrom
NP W WRN uneotmy
brrr 0 X W01 X 29/34
‘D epimg

A eeeees ey @ tumg

uuuuuuu

spey ! gg
LTI R T
waz [ ey
/v
WiBy N 1 Py
FressaRBRAVSRS %3
epimaow ¥ 1 rperge
ssbemns 3 g s-
oy 4 epein
IIIIII (XX X “ “—zn
s/t
A M N aRney
shateneerd 83 !

| Ss mimsmmpaE———

2 -e .



.
L] -

La mixima resistencia 2 1a tznsién y ¢! médulo de elasticidad para cada polimero son:

Resistencia Médulo de
a la lensidn dlasticidad -
"Polimero * (psi) (ksi) Ettructura
Polictilene BD . 3000 | 40 Aliamente ramifi-
cada, amorfa con
. meros simétricos
Polictileno AD 5500 180 Amorfa con meros
simétricos pero escasa
' ramificacidn
Polipropileno 6000 220 Amorfa con pequeiios
. grupos laterales de
| metilo
- Poliestireno 8000 150 Amoarin con grupos
laterales de benceno
Cloruro de polivinilo 9000 . GO0 Amorfa con grandcs

fromos de cloruro
como grupos laterales

Se pucde concluir que i

{a) La ramificacidn, que reduce la densidad y la compactacidn de lus cadenas, reduce las
propicdades mecdnicas del polictileno,

(b) Afiadiendo dtomos o grupos diferentes del hidrégeno a la cadena, se incrementan la re-
sistencia v la rigidez. El gropo metilo en ¢l polipropilcno proporciona alguna mejoria.

cl anillo de beneeno del estirenn proporciona mejores propicdades y el stomo de clorurc

#n ei cliruro de polivinilo proporciona una gran mejora ¢n las propiedades mecinicas.

|
i
1

Resistencio Aodulo de

a la tehsion Elangacidn elasticidad
o Polimero (p:f') (%) ksi)
Termoplisticos por adicibn lincales 3000-1.2,000 5-800 10-600
Termoplésticos por condensacidn lincales B000-17.000 10-300 ' 250-600

Polimeros termeceostables 4000-13,000 0-6 500-1_600

Los polimeras por adicién lincales tienen la menor resistencia v rigidez pero la mayor
ductilidad. Los termoescables tiencn fa mavor resistencia y rigidez pero son frigiles. La
mayoria de los termopldsticos por condensacién lincales tiene propicdades intermedias; su
estructura molecular es normalmente mis complcja que la de los polimeros por adicidn,
pero no esudn ligados en forma cruzada como los lcm}locstab!c:.




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

Material X s, s/X. % S X, % r R

FC-H19 17.45 064 3.69 0.92 5.30 1.80 259
124-T351 19.75 0.59 299 - 1.58 " 8.00 1.65 4.43
ESTM A10S 29.10 0.76 2.62 0.98 .38 213 2.76
$51316 40.07 1.10 275 2.14 $35 3.09 6.00
oonel 600 4427 0.68 1.50 1.54 3.48 1.86 43
Af 51410 14.48 . 0.48 . .29 0.99 $.83 124 2.77
1 3 Averages: 2.81 7 5.39

NOTE Al—Length of reduced section = 60.

: TABLE X1.5 Precision Statistics—% Reduction in Area .

Material X t B s /X, % Sa $afX. % , f R
-H19 79.14 1.94 245 2.02 2.56 5.44 5.67
124-T351 30.21 2.07 6.82 3.58 11.80 579 10.01
2TM A105 65.59 0.84 .28 1.26 1.92 235 3.53
'S 316 71.49 0.99 1.9 1.81 225 278 4.50
coned OO 58.34 0.67 1.14 0.70 1.18 1.89 1.97
1€ 51410 50.49 1.86 269 305 7.81 521 11.05

Averages: 2.80 I 459

The American Society for Testing and Materials 1akes no position respecting the validity of any patent rights asseried in connection
with any item mentioned in this standard, Users of this standard are expressly advised thal determination o! the validity of any such
patent ngnrs and the risk of infringement of such tights, are entirely their own responsibility,

This s:ancarc s sunject 1o revision a2 any time by the responsible technical Commitiee 857 must De reviewed every five yeers anc
if not rev:seZ. enner reaoDrovec or withorsawn. Your COMMens ere inviec enner for revision ol IS stancarc o 122 80CHiona. Siandarcs
20C Snhowa De acoréssed tc ASTM Hegzsuanierst. Your commen:s wilf recewe cacelur :ans:aeu::s.- & & meenng B! e reLIINSIDN
tecnmse! CONTHTETeS, wmsSh vou Tty 3Tens i fe8: [N vOUr COMMANS RAVE NS reLenan @ INT SERCTD vHL SIS MAva Tt
S AL EaSwn 1o A ASTA JomTinee 2n Branserce, CPIE Arce 8:, Paiacenme. 54 1800




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

N1.6.2 The averages (below columns four and six in each
whie) of the coefficients of variation permit a relative
.ompanson of the repeatability {(within-laboratory precision)

onsion 1est parameters. This shows that the ductility mea-
aretnents exhibit less repeatability and reproducibility than
se sirength measurements. The overall ranking from the
{ <7 10 the most repeatable and reproducible is; % elonga-
{wnin 3D, % reduction in area, 0.02 % offset vield strength,
1,2 "¢ offset vield strength. and tensile strength. Note that the
unkings are in the same order for ‘the repeatability and

. reproducibility (between-laboratory precision) of the

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

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

TABLE X1.1 Precision Statistics—Tensile Strength, MPa

: Katenat ; X S, s % Sa safX. 5 r 4 R

e 177.5 0.63 2.45 0.63 2.45 1.76 1.76
L23T25 492.9 0.88 124 " 0.96 1.34 ; 247 2.68
3T ATOS 598.8 0.60 0.70 1.27 1.46 1.68 3.55
L3 316 . €96.9 0.39 0.39 1.21 120 + 1.09 3.38
fconel 600 .688.1 0.42 0.43 0.72 0.72 1.19 2.02

#:2 51410 1257.0 0.46 025 1.14 0.63 1.29 3.20

Averages: 0.9 1.3

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

5. 1% Ine repeatability standard deviation {withindaboratory precision),
5. X 15 the coefficient of variation in %.

e 4 1 reproducibility standard deviation (between-aboratory precision),
4. ¥ % the coefiicient of vanation, %.

*-5 72 8% % repeaiapility s,

2 G2 % recrosuciditity ks

Frecision Siatisucs—-w.l2 % Yieic Swrength. MFz

n2ena. X <, s /X. % 5a SafX. = r R
C-H1€ $11.8 0.65 3.99 1.18 7.36 1.5 2.2a
F1e 7251 3354 0.84 1.64 0.89 173 2.36 - 2.48

4127 1.20 202 1.89 3.8 3.37 ENn

336.3 2.39 291 4.61 9.29 6.68 12.21

288.0 0.46 1.18 0.76 1.95 . 1.28 . 2.13

72586 2.40 2.29 3.7 302 6.73 8.88
P Averages: 2.67 4.5 g

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

Matenal x S, /X, % Sm safX. % T A
H19 156.0 047 2.06 0.48 2.07 .33 1.33
11351 364.1 0.74 1.4% 0.79 1.49 2.08 2.20
" R105 2037 0.83 1.£2 1.44 2.47 2.31 403
he 481.6 0.54 1.25 2.83 4,07 2.63 793
el 600 269.1 0.36 093 0.85 2.18 1.01 2.37

51410 970.7 1.29 092 230 ' 1.64 3.60 645

Averages: 1.35 2.32




X1.1 The precision and bias of tension test strength and
Juctility measurements depend on strict adherence to the
sated test procedure and are influenced by instrumental and
material factors, specimen preparauon and measurement/
isting errors.

X1.2 The consxstency 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-
©ers.

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

X14 Material factors that can affect test results include:
wpresentativeness and homogeneity of the test material,
ampiing scheme, and specimen preparation (surface finish.
dimensional accuracy, fillets at the ends oi the g2gs isnglk.
2per in the gage length, bent specimens. thread quaiity, and
0 forth).

X1.4.1 Some materials are very sensitive to the quality of

the surface finish of the test specimen (see Note 11) and must
‘e ground to a ﬁnc finish, or polished to obtain correct
- results,
~ X1.4.2 Test results for specimens with as-ca.st. as-rollcd
“u-forged, or other non-machined surface conditions can be
i afiected by the nature of the surface (see Note 12).
© X1.4.3 Test specimens taken from appendages to the part
; or component, such as prolongs or risers, or from separately
“produced castings (for example, keel blocks) may produce
“lest results that are not rcprcscntanvc of the part or compo-
- nent.
X144 Test specimen size can influence test results. For
‘ovlindrical specimens, changing the test specimen size gener-
ally has a negligible effect on the yield and tensile strength
but may influence the yield point, if one is present, and will
influence the elongation and reduction of area values. In
general, increasing the specimen size reduces the % elonga-
‘lion 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
ofas 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, spccmlly for strain-rate scns:mrc mate-

ST~ | e T ——— B

)

APPENDIX
(Nonmandatory Information)

X1. FACTORS AFFECTING TENSION TEST RESULTS

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

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

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

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

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

X1.5.2 Materials with anisotropic flow characteristics
may exhibit non-circular cross sections afier fracture and
measurement precision may be 2ffected. 2< a resnit (se2 Note

)

L

T Tha ~AmA=—na—r =< cpmremmeipoe ege- —D e -~
I The tommers oU recmngular tenn specimmex Shais

subiect oo cOnSiTeint GUESE S2iormziion.2ns 3= onginzay
fizt suriacss may be paraboiic in snaps after 1=siing whic
will affect the precision of final cross-sectional area measure-
ments (see Note 25).

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

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

X 1.6 Because standard reference materials with certified
tensile property values are not available, it is not possible to
rnigorously define the bias of tension tests. However, by ihe

‘use of carefully designed and controlled interlaboratory

studies, a reasonable definition of the precision of tension
test results can be obtained.

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



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

Materia! X s, s/X X n [, S 3 r R
EC-HI19 14,861 0.59 4.03 0.66 4,52 1.65 1.85
2024-T351 | 18.04 0.54 3.57 1.72 9.53 | 1.81 4,81
ASTM A105 ! 25.63 077 299 1.30 5.06 2.15 3.63
AISI 316 35.93 07T . 1.98 2.68 7.45 2.00 7.49
inconel 600 . 41.58 0.67 1.61 1.80 386 . 1.88 4.4%
SAE 51410 * "12.39 0.45 3.61 0.96 7.75 ‘ 125 2.69

! Averages: 2.97 : 6.36
NOTE AS-—Length of reduced section = 60, !

1

' TABLE X1.5 Precision Statistics —% Reduction in Area

Matena! X s, sX. % S SafX, % r R
EC-H19 79.14 1.94 2.45 2.02 256 5.44 5.67
2024-7351 30.31 207 6.82 , 3.58 11.80 8.79 - 10.01
ASTM A105 ) 65.59 0.84 1.28 ©1.26 1.92 : 2.35 3.53
AlSI 316 71.49 0.29 1.39 1.61 225 2.78 4.50
Inconel 600 59.34 0.67 1.14 0.70 1.18 1.89 1.97
SAE 51410 50.49 1.86 3.68 3.85 7.81 521 11.05

Averages: 2.80 4,58

The American Society lor Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any ftern menitoned in this stancard. Users of this standard are expressly advised that determination of the validity of any such

patent rights. and the risk of infringement of such rights, are entirely their own responsibility.

This stancard is subject 10 revision al any {ime by the responsible technical committee and must be reviewed every five years anc
i nor revised, either reapprovec or withgrawn, Your commenis are invited either for revision of this stancarc or for agdditional stangaras
anc snouic be acdressec 1o ASTM Heaoquaniers. Your comnments will receive carell’ consigeranon 2t & mesting of the responsicle
rechmcal committee, wnich you may aitend. If vou leel Ina: your comyments have noT reserves E 1217 Nearing vou SADUIC Hake vod

g rmgm

views Xnggyn o the ASTM Commmee on: Stangarcs, 1916 Race S.. Pailagelpnig, 4 18103,



nd Fighth columns list the 95 % repeatability and reproduc.
bility limits, e
X1.6.2 The averages (below columns four and six in each
ble) of the coeflicients of variation permit a relative
mparison of the repeatability (within-laboratory precision)
nd reproducibility (between-laboratory precision) of the
ion test parameters. This shows that the ductility mea-
rements exhibit less repeatability and reproducibility than
e strength measurements. The overall ranking from the
east to0 the most repeatable and reproducible is: % elonga-
ion in 4D, % reduction in area, (.02 % offset vield strength,
.2 % offset vield strength, and tensile strength. Note that the

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

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

TABLE X1.1 Precision Statistics—Tensile Strength, ksi

1 Material TR S sJ/X. % Sa sa/X. % r R

C-H19 25.68 0.63 2.45 063 2.45 1.76 1.76
47351 71.26 0.88 1.24 0.96 1.34 2.47 2.68
T™ A105 86.57 0.60 0.70 1.27 1.46 1.68 3.55
1316 100.75 0.39 0.39 1.1 1.20 1.09 3.29

¢l 600 99.48 0.42 0.43 0.72 0.72 1.19 2.02
51410 181.73 0.46 925 1.14 0.63 1.29 3.20

Averages: 0.91 1.30

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

s, is the repeatability standard deviation {within-laboratory precision),

s/X is the coefficient of variztion in %,

Sq 1§ the reproducibility standard devizuon (D2atwaendadoraiory cresion),
sa/X is tne coefficient of vanauon, %.

ris the 85 % repeataoility bmits,

S is the €5 % resrogusibinty keiis,

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

Materal X S, 5/X. % S SafX. 5 r R
IC-H19 16.17 0.65 3.99 1.19 7.36 1.8 3.33
2¢.T351 51.38 0.84 1.64 0.89 1.73 2.36 2.49
T™ A105 £9.66 1.20 2.02 1.89 3.18 237 5.31
36 48.62 2.39 4.91 4.61 Q.49 6.68 120
500 38.74e 0.46 118 0.76 1.96 1.28 2.13
15410 104.20 2.40 2.29 3.7 a.ce 6.73 8.88
Averages: 2.67 | 2,48
TABLE X1.3 Precision Statistics—0.2 % Yield Strength, ksi
Matenial X 5, /X, % Sp Sa/X. % r R
C-H19 2298 0.47 2.06 0.48 2.07 1.33 1.33
h2¢-T351 52.64 0.74 1.41 0.79 1.49 2.08 220
TM A105 58.36 0.83 1,42 1.44 2.47 2.1 403
51316 69.63 0.94 1.35 283 407 2.63 783
600 35.91 0.38 0.93 0.85 218 1.01 237
51410 140.33 129 0.92 230 1.64 3.60 6.45
Averages: 1.35 2.32




APPENDIX

(Nonmandatory Information)

X1. FACTORS AFFECTING TENSIO‘\' TEST RESULTS

X1.1 The precision and bias of tension test strength and
ductility measurements depend on strict adherence 10 the
stated test procedure and are influenced by instrumental and
material factors, specimen prcparanon and measurement/
testing errors.

X1.2 The consmcncy 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-
fers.

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

X 1.4 Material factors that can affect test results include:

represemativensss and homogensity of the test matenal.
s2mpling scheme. and specimean breparation {surface {inish.
dimensional accuracy, fillats at ithe ends of the gage lenzih,
taper in the gage length. bant specimens. thread qualitv. znd
so forth). .

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

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

X1.4.3 Test specimens taken from appendages 10 the part
or component, such as prolongs or risers, or from separately
produced castings (for example, keel blocks) may produce
test results that are not rgpresentative of the part or compo-
nent. {

X1.4.4 Test specimen size can influence test results. For
evlindrical specimens, changing the test specimen size gener-
ally has a negligible effect on the vield and tensile strength
but may influence the yield peint, if one is present, and will
influence the clongation and reduction of area values. In
general. increasing the specimen size reduces the % elonga-
tion and % reduction in area, although some studies have
shown no effect, or the opposiie effect. For rectangular
tensile test specimens, increasing the width or thickness
generally increases the % elongation and decreases the %
reduction in area
. X1.4.5 Use of a taper in the gage length, up to the allowed
1 % Bmit, ¢an result in lower elongation values. Reductions
of as much as 15 % have been reported for a | % taper.

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

na.ls In general, the ylcld strength and elongation wil]
increase as the strain rate increases.

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

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

X1.5 Measurement errors that can affect test resulis
include: verification of the 1est 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 mav be imprecise due to the 1rrcgulanty of
the surface flatiness.

X1.5.2 Materials with anisotropic flow characteristics
may exhibit non-circular cross sections after fracture and
measurement precision mazy be aflecizd. a5 2 resuh (s=e Nots

.\‘.S 3 The comnen o;' :ec:.znr:.:';z_' e 3“‘."”’[1c A%
flat suitaces r-wa_\ be paraoohc in snap- fter tcsung “which
will affect the precision of final cross-sectional arsa measure-
ments (see Note 25).

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

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

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

X1.6.1 Anp interlaboratory test program?® was conductet
where six specimens each, of six different materials wen
prepared and tested by each of six different laboratories
Tables 2.1 to 2.6 present the precision statistics, as defined i
Practice E 691, for: tensile strength, 0.02 % yield strength
0.2 % vield strength, % clongation in 5D, and % reduction ¥
area. In each table, the first column lists the six material
tested, the sccond column lists the average of the averag
results obtained by the laboratories, the third and fift
columns list the repeatability and reproducibility standar
deviations, the fourth and sixth columns list the coefficien
of variation for these standard deviations, and the sevent
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Pressing Area = 645 mm?

G—Gage length 50.0 = 0.1 Note—Dimensions specified, except G and T, are those of the die.
D— Diameter (see Note) 6.4 = 0.1 - - —
R— Radius of filiet, min 75 DEtsensIions iy
A~ Length of reduced section, min 60 G—Gage length 2540=08
L— Overall length. min 230 D— Width at center ; 572 =003
B— Distance between grips. mun 115 wW—Width at end of reduced section 597 =003
C— Diameter of end section, asproximate 10 T— Compact 10 this thickness 3.56 10 6.35
. R~ Radius of fillet 25.4
NOTE-—T'h_.e reduced section may have a gragual t.apell* from the ends toward A— Haif-length of red 4 section 15.88
the center, with the ends not more than 0.1 mm larger in diameter than the center. - &— Grip length 80.25 = 0.03
FIG. 18 Standard Tension Test Specimen for Die Castings L— Overall fength 89.64 = 0.03
: C— Wigth of gnp sectian 8.71 = 0.03
F— Halt-wicth of grip secvon 434 = 0.03
£— End radius 4.34 = 0.03

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

. Rough machine reduced section to 6.35 mm diameter
. Finish wm 4.75/4.85 mm diameter with radii and taoer

N =

. Polish with 00 emery cloth |
. Lap with erocus cloth I

Dimensions, mm

G-—Gage length I
D—Diameter at center of reduced section
H—Diameter at ends of gage length !
A—Radius of filet i
A—~Length of reduced section !
L—verall length (die cavity length) !
8—Length of end section

C—~Compact 10 this end thickness

W—Die cavity width

E-——Length of shoulder

F——Diameter ol shoulger

J—End fillet radius

25.40 = 0.8
475+ 003
4.85 = 0.03
6.35 = 0.13

4763+ 013

75, nominal
7.88 = 013

10.03 = 0.13

10.03 = 0.08
6.35 = 0.13
7.88 = 0.03
1.27 =033

NoTe 1—The gage length and filets of the specimen shall be as shown. The
ends as shown are designed to provide a practical minirnum pressing area. Other
end designs are acceplable, and In some cases are required foc high-strength

sintered matenals,

Note 2——H is recommended that the test specimen ba gripped with a spfit
cofiel angd supporied under the shoulders. The radius of the colietl suppon circutar
edge is to be not less than the end filet radius of the 1est specmen.

Note 3—Diameters D and H are 10 be concentric within 0.03 mm 10w
ingicator runout {T1LA.), and free of scratches and ool marks.

FiG. 20 Standard Round Machined Tension Test Specimen for
Powder Metallurgy (P/M) Products
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:dress vs Minimum Thickness Chart 55|G=€:ndf:cé
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| Correction Chart 53

Rockwall Rockwasll ' Cylindrical work corrections. to be added to observed
t graater Superticial Regular !Rockwell Number for Scales indicated
ckness andb Hardness Scales Hardness Scales
b o | 15N | 30N | asN | A D c | Scales C, D, A
picated scale 15 30 45 60 100 159 \ Brale Diamond indenler
{ kgl kg kgt kgl kgt kgl : Diameler of specimen — Inches (mm)
_Thickness | N Brale i Brale Observed] 1/8 ] /4 | 3/18 | w2 | 58 | 4 | 718 1 1.4l 11
Jinches (mm)  : Indenter ! Indenter Reading ! 2.2 6.0} 10y | (3 | (1) | (91 22 | @5 | (3 * (38
006{0.15) 92 - - i = - — 90 | NAj| 05] o [0 0 0 0 0 0 0
08 (0.20) | 90 - - = = - 85 | 05| 05 65) 0 0 0 0 ] 9
£1010.25) ag’ — _— ! — —_ —_ 8¢ ‘ 0.5 0.5 0.5 0.5 0.5 8] 0 0 Q
012 {0.30) I a3 82 57 ] -— —_ —_ 75 1.0] 0.5 05! 0.5 0.5 Q.5 0 0 0
214 (0.36 ' 76 ?_8.5 4 —_— -—_ —_ 70 1.0 1.0 0.51 0.5 0.5 0.5 0.5 0 ¢]
.015}0.41 | 68 74 72 . 86 —_ - 65 151 10! 10! 051051051 05 0 0
dibioie X 58 58 : _ 84 = = 60 1.5 10| 1.0 05 05 | 05| 05| 0 0
020 (0.51) I X 57 83 ( §2 7 — 535 2.0 1.8 1.0 1.0 0.5 0.5 0.5 0.5 0
022(0.56) | X 47 s8 . 79 75 69 50 25 20t 15! 101 101051051l 05! 0
il 2 - iz 8l as 3.0] 20| 15[ v0| 1.0 1.0 0.5 0.5 ; 03
h028 (0'..1) ! X X - 67 63 62 40 As5f 2.5 2.0 1.5 1.0 1.0 1.0 0.5 0.}
i (o‘:s - = = ‘x 5:7 &5 =5 3s 400 30! 201 151135110l 401l 05 ¢ of
: o P i 30 5. .5 ; . } 1. ; . K
i '8'3;, L% 3 % ! 2 51 22 25 'I AR AR AR A R R AR A R
eloen % X g X 37 20 i 601 45! 35! 250200 451 1551 101 13
038 {0.96 | X AR SR X 28 Scales B, F, G
040 {1.02) | X X X X X 20 1716~ Ball indanter
b y Rockwell ; Rockwaell Diameter of specimen — inches (mm)
Y grea er Superficial : Reguiar Observed| 1/8 | 114 | 318 | 112 | 518 | 34 | 7/8 | 1 | 1-UA[1-1
Irc;(':leessssganndbe Hardness Scales _Hardness Scales Reading | (3.204 (6.4 1 {(13) {161 | (19) (22 (25} (32) {248
fely tested on {157 1 30T | 457 F__. 8 | G 100 | NA| 35] 25| 15| 1.56] 1.0 | 1.0 | 0.5 | NA | N&
[dicated scale 15 | 30 45 60 | 100 150 90 | l 401 3.0 2.0 1.5 1.5 1.5 1.0 '
kgf kat kgl * kal ' kgi kqf 80 | 5.01 3.5 2.5 2.0 1.5 1.5 1.5
Thickness l 1116~ Ball 17116~ Ball 70 | 60| 4.0 3.0 2.5 2.0 2.0 1.5 !
inches (mmi indenter Indenter g0 ! 70! 50 35| 3.0 25§ 20| 2.0 |
010 {0.25} . 81 — e . g g s 50 1 8.0 5.5 4.0 3.5 3.0 2.5 2.0 *
£:2(0.30r . ! a6 — - = - - 0 ! 90 60} 457 40f 30| 25 25 :
014 {0.36) - 81 80 — - — —_— Jo i10.0] 6.5] 5.0 % 4.5 i 35: 3.0 25 ¢ :
£16{0.41) i 7E 72 i _— - —_ <0 “330 750 35 A5 40 153 - 30
218 {0.45) 58 B2 52 = = = 19 12.0: 8.5 S0 - £33 £5 . 3.5 ¢ 1.0
2200050 X iz s —_ —_ -_— i v iR i 8.2 2= SE 258 2.s T - °
22210.55) X L 23 - — a= 2 T R R e
24061 X it e 2z 2z g 1! Scaies 13-, I, 25N
.026 (0.66) bt P it £ £ ET + Erzie Dizmong wmdenier
La 80,71 B A e s 20 = L.Emeler ot soeciMen —— iNCNES IMM}
Q0i0.76) o X 3 8 s £ 3 ijCoserved: uB it G5 1T 35 ik D TIB g 1 c1ard n
ggi :g.g;'.'} 2 : £ 2 = gg Reacing « (2.2). (6.4) . (100 . (<3} - {16 ' (12 ! (32) | (25) | i22) © (33
336 (0,91 T ¢ 4 % 3 30 iz 20 0. 0 -0 -0 i 92 ;0 0 j NA i NA
633 m.ge) X X X X 23 3'1: 85 0.5, 05§ 05! 95:. 0 ! @Q 10 o ! | ¢
- ! i 2 x 1 :
220 (1.02) T X X X X X 2 30 . 1.0! 05 0.5 0.3 0st 0 0 o - d
- . - 75 150 1907 0.5 05 : 0.5 0.5 1] [ S !
No Minimum Hardness 0 20y 10| 1.0 l 05 {05105 )05;05] & |
ese values are appfoxlmale only and this cnart is intended primarily 65 : 251 15110 0.5 ; 0.5 0.5 0.5 0.5 ==
2 quide. 60 | 3.0 | i5] 1.0 5.0 3.0 ] 05| 05} 05 :
bienals thinner than shown in this charl mav 2a tested on the Eg ! gg i gg 13 }g 18 gg ?g gg !
kon® microhardness lester. The Uicknass o! 1he specimen should be = — = e - : .
ieast 1v; imes Ine ciagogal of the incentalion when usmg the 45 7 401 207 1.5 1.0 ' 1.0j10] 10 10 S
trass (126*) diamong ‘*\.rarmd ingenter, and at ieast > limes the long 40 H :‘5 : 25] 1.5 ; 1.5 1.0 1.0 1.0 1.0 i |
Sssal wnemusing fhe Knoan incenter. 35 s.0! 251 20 : .51 104 101 10! 1.0 !
e 3 Vai harl 55 iste I1NASTA S8 Tabies 4.5, 11 20 ) 551 301200115 15110 1.0/ 10 R |
fIZVgioesin GHELISH SreBOnNBEEM wiin agres STOMILIGDA, 3, T gnd 35 1 58] 307 20 15] 151 15 15 [1o] 1 i
excenl lar O anc G.-scaie values wmich asrear 'n :ncentation Haraness & - 3 1 ' 15 ! L T
sing oy Yincent £, Lysagnt, I 1953 Wilson instryrment Civision, Aczo 20 0 Q: 20 1.5 1.5 1.8 5+ 1.5 :
: Scales 15-T, 30-T, 45-T
116" Bail Indenter .
Diameter of specimen — inches (mm}
Observed; 1/8 14 | 8 I 12 58 34 bt 1 (114 1-1%
Reading | (3.21| (6.1 (0} i 35 18 ol 221! @251 1 (30 i (3 E
90 1.5 1.0] 1.0 0.5 0.5 0.5 0.5 0.5 NA | N .
80 3.0 201 1.5 1.9 1.0 1.0 1.0 0.5 | [ 1
70 50l 35l 251 20! 15! 10| 0l 1.0 &
60 6.5 4.51 3.0 2.5 2.0 1.5 1.5 1.5 !
50 85| 55/ 4a0f30] 25| 20| 20] 15 |
50 100| 65] 451 3.8 | 3.0 25 { 20| 20 1
30 11.5 7.5 5.0 3.5 , 15 l 251 20 2.0 |
20 13.01 9.0l 6.0 5 451 301 2.0 2.0 T i -
These coctrections are approximate only and represent the averages, =

the nearest 1/2 Rockwell number, ol numerous actual observalions,
These values are consistent with ASTM E18 Tables 6, 7, 13 ana 14,
When lesting cylindrical specimens, the accuracy of the test will
be seriously aflected by alignment of elevating screw, Yee anwvii,
mce?le:s surface finish and the siraighiness of the cylinder.
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FiG. 16 Test Coupons for Castings (see Table 1 for Details of Design}

L 1
& . : I
] A B
I ‘ l
: 1 {
i Lol L2
L; i | ' | -4
R | . }
3
Dimensions, mm
D—Diameter

16
A—Radius of fillet 8
A—Length of reduced section 64
L—Overal length 180
8—Length of end section ! 64
C—Diameter of end section 20
E—Length of fiNlet s

FIG. 17 Standard Tension Test Specimen for Matleable Iron



FiG. 14 Location of Transverse Tension Test Specimen in Ring
Cut from Tubular Products
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Le
r
I
R
I Dimensions,
nomunat Dameter -"'_ _- ’"_‘-_: — =
G—Lenzin of zaravs. 3ranl oe eouar 1z or greaier nas ciameier O ‘
O0—Diamerer . T25 =072 200 =C.2 0=Cso
A—Racws of fiet, mn : 25 , 23 50
A~Lenain of reducea sectiq), mn 32 28 &0
L~ Overan lengin, min 95 - 102 160
8~Lengtn of end section. approximate 25 25 a5
C—Diamerer af enc secuon. approximate 20 30 4a
£—Lengin of shoutder, min 6 6 8
F—Diameter of shoulder 16.0=04 240=04 355 =04

More—The teducad section sna shoulders (dimensions 4. D, £, F, G, and R} shall be as shovn. but the encs may be of any fonm te fit the hofoers of the tesung maching
Bxh 2 way that the 10ad shafl be axial. Commonly the ends are threaded and have the dimensons 2 ang C given a2bove.

FIG. 15 Standard Tension Test Specimen for Cast lron
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uG. 10 Squeezing Jig for Flattening Ends of Full-Size Tension?? NOoTE—The giameie- &! the plug shal have a slignt tapsr from the kne hmitng
Test Specimens the tesling maching 12ws 1D the curved seclon.

FIG. 11 Metal Plugs for Testing Tubular Specimens, Proper
Location of Plugs in Specimen and of Specimen in Heads of Testing
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N2TE=The eaces of 1he Dlank jor e soesimen shall be cut saraliel to eazh
onnern.
FIG. 12 Location from Which Longitudinal Tension Test
Specimens Are to Be Cut {from Large-Diameter Tube
. 1 ]
P ! i I g :
: 1 ]
| || | 1 ;
’ . IS I S R
L i i e ot 8 L LJ
i s
—_ | G ]
— ! Dimensions, mm
Specmen 1 Speoimen 2 Specimen 3
Nomunal Wigin
S 12.5 40 40
S~Gage iengen ; 50.0 = 0.1 50.0 = 0.1 200.0 = 0.2
_,‘-\“fc:n iNote 1) 125=0.2 400 =20 40.0 = 2.0
L:"Ckness measured thickness of speamen
1 30 of filet. min . 12.5 25 25
5.9 of reduced section, min 60 50 230
c__t{'ﬂvm of grip secuon, min (Note 2) 75 75 75
~=.29 of grip section, approximate (Note 3) 20 50 s0

bh“ T-~The ends of the reduced section shalt not ditfer in width by more than 0.1 mm for specimens 1, 2. and 3. There may be a gradual tapes n widlh from the enc's
No‘:"‘!f. but the width a1 each end shall be not more than 1 T greater than the width at the center.
™ore gs :;—:r:l:eos:::e ll possible, 10 make the length of the grip section great encugh 10 aiow the specimen (1o extend info the gnps 3 distance equal to two thwas or
ops.
E“ 3—The ends of the specimen shall be symmetrical with the center fine of the reduced section within 1.0 mm for speamen 1 and 2.5 mm for specimens 2 and 3.
¢ e gpecimens with sides parabel thvoughout their length are penmitted. except for referee tesing and whevre prohibited by product specification, provided: (a) the
Tuy, Lietances are used; (D) an adequate number of marks are provided for delermination of elongation; and (c) when yield strength is determined, a Sustable

K ter s used. If the fracture occurs at a dstance of less than 21 from the ecge of the gripping device, the lenside properties determined may nol be representativa
by Materiat, {f the properties meet the minamum requirements specified, no further tesung s required, bt if they are less than the minimum requirements, discard the
1 $a Telest, t

FiG. 13 Tension Test Specimens for Large-Diameter Tubular Products
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Dimensions, mm

Standard Specimen Smal-Size Specimens Proportional To Standard
' 2.5 3 6 4 2.5
G—Gage length ' 625 = 0.1 ., 450 =01 300 =01 20.0 = 0.1 12.5 = 01
D— Diameter (Note 1) \ ' 125 = 0.2 | 9.0 = 0.1 6.0 =0.1 40 =09 2.5 =01
Ai— Radius of fillet, min ' 10 ! a8 5 4 P
A— Length of reduced section, min (Note 2) 75 54 36 24 20

I
Note 1—~The reduced section may have a gradual taper from the ends toward the center, gwln the ends not more than 1 % larger in diameter than the canier (Congoting
dimension). f
NeTe 2—If desired, the Ienglh of the reduced section may be increased lo accommodate an extensometer of any convenient aage length. Reference marxs for the
measurement of elongation should, neverineless, be spaced at the indicated gage length, !
Note 3—The gage lengih and fillets shall be as shown, bul the ends may be of any fomm 1o fit the holders of the 1esting machine in such a way that the lpad may be
wial (see Fig. 9). If the ends are to be held in wedge grips it is desirable, if possible, 10 make the length of the gnp secuon great enough 10 allow the spacmen 10 exiend
into the gnps a distance equal 10 ™wo thircs or more of the length of the grips,

Note 4-—0On the rouna specimens in Figs. B and 9, the gage lengths are equal to five times the nominal diameter. In some product specifications other specimens may
be provided for, bul the 5-1p-1 rauc is mainiained within cimensional (olerances, the etongation values may not be comaardble with those otnamed from the standard test
specirnen. |

Note 5—The use of specimens smaller than § mm in diameter shall be resincted to cases when the matenal to be tested is of msufficient size 10 obtain largs
_ sseamens or when all parties agree 10 thew use for accepiance tesung. Smalier speamens require suitable equipment and greater skill in both machirng and lesung,
FIG. 8 Standard 12.5-mm Round Tension Test Specimen with Gage Lengths Five Times the Diameters (5D), and Examples of Smali-Size

Specimens Propoertional to the Standard Specimen

Dimensions, mm

s Specimen 1 Speaimen 2 Specimen 3 Specimen 4 " Speamen 5
6—Gage length : 62.5 = 0.1 62.5= 0.1 625 =01 625 =01 6258 = 01
0—Diameter (Note 1) 12.5=0.2 125=02 125 = 0.2 125=0.2 125=02
A—Radys of filet, mun i 10 E 10 ; 2 10 10 .
A—Length of reduced secton 75. min 75, mun 100, anproximately 75, min 75. min
L—Overall length. approximate 145 155 140 : 140 Z55h
B—Lenglh of end section (Note 3) 35. approximately 25, approxsmately 20. anoroximately 15. approximat e'y 75. min
C—Diameter of end section 20 20 " 20 22 20
E—Length of shoulder ana filet . - 15 ' o i , 20 15

S2CUON, apProximate :

f— Diameter of shoulder - 15 15 15

Note 1—The reduced section may have a gracual 1aper from the ends toward the center with the ends not more than 1 % larger in diameter than the canter,

Nore 2—-0On Specimens 1 and 2, any standard thread is permissibie that provides for proper alignment and ads in assuring that the speamen will break within te
reduced section,

Note 3—0On Specimen 5 it is desirable, if possibie, 10 make the tength of the grip section great encugh 1o aliow the specimen 10 extend Into the gnEs a distance equs
~ lotwo thirds o more of the length of the grips.

FIG. 9 Various Types of Ends for Standard Round Tension Test Specimens
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! Dimensions, mm
Slandard Specimens Subsize Specmen
Nominal Width Plate-Type Sheet-Type e
. 40 mm | 12.5 mm
5—Gage length (Notes 1 and 2) 200.0 = 0.2 50.0 = 0.1 25.0 = 0.1
W—Width (Notes 3 and 4) 400 = 2.0 125 = 0.2 6.0 = 0.1
7— Thickness (Note 5) thickness of material
=— Radius of fillet, min (Note 6) 25 12,5 6
{— Overall length, min (Notes 2 and 7) | 450 200 100
2— Length of reduced section, min 225 57 32
s—Length of grip section, min (Note 8) 75 | 50 . 30
— Width of gnp section, approximate (Notes 4 and 2) 50 | 20 d 10

v37e 1—For the 40-mm wide spetimen. punch marks for measunng elongaton after fracture snall be maoe on the fiat or on the eage of the specimen and wiinin i
recuced section. Either a set of nine or more punch marks 25 mm apart, or one or more pairs of puncnh maxs 200 mm apan. may de usec.

NoTE 2—When elongation measurements of 40-mm wide specimens are nol required. a mimimum lencis ©f recucec section (A) of 75 mm may be used witn all otne
amensions similar to the plate-type specimen.

Nete 3—For the three sizes of specimens. the ends of the reduced section shall not d:ner in wigth by more than 0.30. 0.05 or 0.02 mm, resoe":weay Alse, there may
oe a gradual decrease in width from the ends to the center, but the width at each end shall not be more than 1 % larger than the wiCth at the center.

NOTE 4—For each of the three sizes of specimens. narrower widths (W and C) may be used when necessary. In such cses the wioth of the reduced section shoulc
se 25 large as the width of the matenal being tested permits: however, unless stated specifically, the requirements for elongation in 2 product spedfication shall not 2oph
wnen these nairower specimens are used.

Note 5—The dimension T is the thickness of the test specimen as provided for in the applicable maiena! soecifications. Minimum thickness of 40-mm wide soecimen:

swai be $ mm. Maximum thickness of 12,5+mm and 6-mm wide specimens shall be 19 mm and 6 mm, resoectively.

\3 ¢ 6—For the 40-mm wide specimen. a 13-mm minimum radius at the ends of the reduced section 1s permitted for stee! sdacimens unaer €3) MPa im tensne cirenst

5 a profile cutter is used 1o mactune the reduced section.

N:‘u’= 7—To aid in obtaining axial loading gunna tesnng of 6-mm wide soeamens. the 0v°‘al- le".""" SNOUIZ DR S iarTE 2

NZ7e B—It is desirable. if possible, to make the len"‘.n o! tne ¢no section l2rpe enduzn 10 exien
Mote OF the length of the gnps. If the thickness o 1Z.52-mm wioe specimeans 15 ove: . i Camir bty
n.*.essary 10 orevent taiiure in the gnp secton.

27E 9—For the tnree sizes of specimens. the encs 5! 178 SDEIMEn STal D2 SVTIMEINSE 1T wiSit wi
mm, respectwe!y However, for referee testing ana wnen required dy proguc: speaificauons; the enas of

Note 10— Specimens with sides parailel tn'oucnout their lengtn are permitiec. except 107 referee 1€SUNZ. :'o-nse" (aj ine a:)ove 1O|efa'1c.e5 ‘are usea: (b) an aoeguate
nymder of marks are provided for deterrminauon of eiongation; ana (¢) wnen yielg sirength 1s geterminec. & suniadle extensometer 1s used. If the fracture occurs at &
¢i5iance of less than 2w from the edge of the anpping cevice. the tensile properties delermined may not be representative of the matenal. In acceptance testing, i tne
preperties meet the minimum requirements specified. no further testing is required. but if they are less than the mMINIMum requrements, discard the test anc relest,

FIG. 1 Rectangular Tension Test Specimens

€

Wedge Grios Upper Heod of 8. Report 4
T i n . - : Sain
= S 8.1 Test information on mat2rals not covercd v 2
product specification should be reponcd in accordance with
8.2 or both 8.2 and 8.3.
8.2 Test information to be reporied shall include the

1 L;ners -Thickness Voried

o Accorcing 1o Specimen"fn.(l- : following “'hen applicablc:
Nessloneep Weage Grics : 8.2.1 Matenral and sample identification.
Flot Specimen — from Protruding Adove or 8 29 Specimcn vac (Sec[ion 6) £
| Below Heod of Testing A 4 3 4
1 ] Mesnate 8.2.3 Yield sirength and the method used to determins

vield strength (see 7.4).
8.2.4 Yield point and the method used to determine vield
point (see 7.5).

FIG. 2 Wedge Grips with Liners for Flat Specimens

7.10.3 The spec:lmcn 's properties were changcd because of 8.2.5 Tensile strength (see 7.6). ;
Poor machining practice, . iy . 8.2.6 Elongation (report both the original gage length and
7.10.4 The test procedure was incorrect, the percentage increase) (see 7.7).
7.10.5 The fracture was outside the gage length, 8.2.7 Reduction of area (see 7.8).
1.10.6 For clongation determinations, the fracture was 8.3 Test information to be available on request shall
Outside the middle half of the gage length, or include:
1.10.7 There was a malfunction of the testing equipment. = g 3 | Specimen test section dimension(s).

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

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

8.3.4 Method used for rounding of test results (see 7.9).

Note 26—The tension specimen is inappropriate for assessing some
Upes of imperfections in 2 material. Other methods and specimens
tmploving ultrasonics, dye penetrants. radiography, ctc.. may be consid-
tted when flaws such as cracks. flakes, porosity, eic., are revealed during
1lest and soundness is a condition of acceptance.






