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1.- Clasificacion de los Materiales

1.- Ferrosos:
Aceros : Ordinarios
Aleados

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

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

3.- Organicos: Madera
Polimeros
Elastomeros

4.- Inorginicos: Fibras Compuestas
Ceramicos
Vidrios
Minerales
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2.- Estructura de los Materiales

METALES

PARA METALES: su estructura estd compuesta por agrupamiento de dtomaos.
Estados de la Materia en la Obtencion de un Metal
*  (Gaseosos

* Liquidos

* Solidos

Tipos de Enlaces
* Jonico

* Metilico

*= (Covalente

*

Vander-Walls
Puente de Hidrogeno

*

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

Caracteristicas de 1a red:
*  Sus longitudes
* Sus angulos
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L.OS 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.- Cibico
a) Simple
b) Cuerpos centrados
¢) Caras centradas
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Los sistemas de cristalizacién mas comuanes son:

= Cubico*

= Hexagonal*
= Tetragonal
= Ortorrombico
= Romboédrico

Defectos o imperfecciones del cristal:
= Vacancias

= Intersticios
= Dislocaciones (Borde y Helicoidales)

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

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

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

POLIMEROS

CARACTERISTICAS GENERALES DE LOS POLIMEROS:

Ligeros

Resistentes a la Corrosion
Aislantes Eléctricos

Baja Resistencia a la Tension

No usados en Temperaturas Altas
Muy usual

*O# O % ¥ W

CLASIFICACION DE LOS POLIMEROS:

2 -

in su Mecanismo de imeriz :
Polimeres por adicién: son cadenas formadas por €l enlace covalente de las moléculas.

Polimeros por condensacién: se producen cuando se unen dos o mas tipos de moléculas
mediante una reaccidon quimica que libera agua.

Segin su Estructura;

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

Polimeros de red: son estructuras reticulares tridimensional producidos mediante un
_proceso de enlaces cruzados que implica una reaccion de adicidn
condensacion. ‘

Polimeros termoplésticos: son polimeros de estructura lineal, que se comportan de manera
plastica a elevadas temperaturas y pueden ser conformados a temperaturas
elevadas, enfriados y luego recalentados y conformados.
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Polimeros termoestables o termofijos: son de red o estructura tridimensional reticulado
por lo que se consideran rigidos y no se ablandan cuando se calientan se
forman por reaccién de condensacién no se pueden reprocesar debido a
que parte de las moléculas salen del material.

»

e u Grado de Polimerizacion:

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

* Oligopolimeros (pocos monomeros)
* Polimeros

-

e su Natwiajeza:

* Naturales (lino, seda,asbesto, celulosa)

Artificiales o sintéticos (raydn, nitrato de celulosa)
*+ Segun su origen

Vegetales (algodon, celulosa, etc.)

* Animales (pelos)

Minerales (asbestos, fibra de vidrio)

%

*

*
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POLIMEROS INORGANICOS:

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

Clasificacion:

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

Artificiales: Fibra de vidrio
' S.licones

ELASTOMEROS

Elastomero (caucho o hules): es una cadena polimérica que se encuentra enrrollada
debido al arreglo cis de los enlaces, por lo que al aplicarse una fuerza se alarga al
desenrrollarse las cadenas lineales, deslizandose unas sobre otras y provocando una
combinacién de deformacidn plastica y elastica. Tienen un comportamiento intermedio y la
capacidad de deformarse eldsticamente en alto grado sin cambiar de forma.
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3.- Propiedades y Caracteristicas Mec4nicas 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 grafica de comportamiento
esfuerzo vs deformacién unitaria, obtendremos la siguientes caracteristicas y propiedades

mecanicas basicas en los materiales.

* Resistencia Mecanica

Ductilidad

* Rigidez

* Resilencia

Tenacidad

* Estandares de Probetas

Velocidad del Ensayo

Textura de Grano y Tipos de Fallas

*

*

*

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

Esta se mide a traves de:

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

2.- Limite Elistico (o_p): es el mayor esfuerzo que un material es capaz de desarrollar sin
que ocurra la deformacion permanente al retirar el esfuerzo, la determinacién de este limite

elastico no es practico y rara vez se realiza.

1
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3.- Resistencia 2 la Cedencia (oyp): es el esfuerzo al cual ocurre un aumento de
deformacion para cero incremento de esfuerzo.

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

algunos materiales.

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

S.- Esfuerzo de Roptura (cgup): 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 Roptura Real o Verdadero (Ggp): €s el esfuerzo nominal al ocurrir la
falla y se obtiene dividiendo la carga entre el drea real que disminuye conforme se aplica

ésta.

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

&)

12
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OBTENCION DEL PUNTO DE CEDENCIA:

Se define como el esfuerzo al cual ocurre una gran deformacién sin incremento de

1

carga o esfuerzo.

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

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

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

1) YT oeznDIENTE
DE LA GE2rICA

«— LIKNEA
’ PARALELA
A LA PENDICNTE
DE LA GRALICA

Q
N
«0
o~
™M

Figura 3.2

13
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7 ONAS EN LA GRAFICA:

.- Zona Elastica: se considera desde el origen hasta el punto limite proporcional. Se
ciiplea en el disefio de elementos de maquinas y estructuras,

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

Sc¢ emplea para darle forma al material por ejemplo los procesos de mecanizado (tomeado,
(roguclado, doblado, extruido, etc.), laminados (en caliente y en frio). Esta zona se divide:
¢n zona de cedencia y zona de endurecimiento por deformacion.

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

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

ESFUERZO

g MAXINO

LIXITE
PROI"ORCION AL

LSFUTLRZO DE
RUITURA

APARENIE
— ! .
e ZONA—  —— e ';'/_ONA ’
L RLASTICA - JTHIPERPLEASTICA
N s s
ELASTIGR -« - scvomve——ews i R !
Figura 3.3
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DUCTILIDAD

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

FRAGILIDAD

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

tas propiedad on medidas:

* Para el Ensayo de Tension a traves de:

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

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

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

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

* Para el Ensayo de Compresion a traves de:

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

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

- % de Reducciéon de Longitud: se obtiene midiendo la longitud inicial y final de la
probr tuyendo 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
drea, % de aumento de drea, % de reduccién de longitud, mayor de 5 %, para que se

consideren ductiles.
t5
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- P
Lo . Lf l
Al
-O O

Figura 3.4
RIGIDEZ:
Es el esfuerzo requerido para producir una deformacion dada.
Se mide a traves de la obtencién del modulo de elasticidad para carga axial (E) y
representa la tangente de la pendiente en la grafica esfuerzo vs deformacidn, este modulo
se puede obtener considerando dos puntos sobre la pendiente y realizando un tridngulo

como se muestira en la figura 3.5

E=Tg8=Ac/Ae=(0;-G,)/(g;-¢,)

j

Figura 3.5

16
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r

Valores promedio de modulo de elasticidad de algunos matenales
Tabla 1.1

RESILENCIA ELASTICA:

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

Otras definiciones son: una medida de la resistencia a la energia elastica.
La resilencia elastica unitaria (R.E.U.} 0 médulo de resilencia: es la energia almacenada
por unidad de volumen en limite eldstico o proporcional; y representa el drea (Al) bajo la
pendiente de la grifica ¢ vs e mostrada en la figura 3.6.

REU = Al =0 p*/ 25, (kg - cm /cm®)

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

Resilencia Elistica Total (RET) = REU x Ve.
RET= op*/2¢;p x Vo (kg - cm)
L.P.: Limite proporcional.

17
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R.EU. = A1 = Ewp X G vp = Kg -_cin

a
2 c:n]

G p

I e s
o)

4
-
v
o

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
traves de seccionar el drea en areas regulares y sumarlas, o con el planimetro, que es un
instrumento para determinar el area de una grafica. Al seguir e] contorno de la misma.

El valor asi obtenido sera la tenacidad unitaria.
Tenacidad Unitaria (TU) = Area total
TU = (Cpax +9vp) Emas/ 2 (kg - cm / cm?)
Volumen Inicial (Vo) = Ao x Lo (cm?)

Tenacidad Total (TT)=TU x Vo (kg-cm)

YP (Yield Point): Punto de cedencia.
18
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| T.U.=_{a ypdr maz) emax
2

C max

AREA TOTAL = TENACIDAD UNITARIA
g yp

Emar > 2
TENACIDAD UNITARIA

Figura 3.6a

ESTANDAR DE PROBETAS PARA TENSION:

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

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

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

El tramo de calibracion es el marcado segin estandar, sobre el cual se miden las
lecturas de longitud final y diametro final los extremos de las probetas redondas, y
rectangulares, pueden ser simples, cabeceados o roscados, los extremos simples deben ser
Jargos para adaptarse algun tipo de mordaza cuneiforme o plana (ver figura 3.8).

S 19
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Una probeta debe ser simétrica con respecto a un eje longitudinal a lo largo de su
longitud para evitar la flexién durante la aplicacion de la carga (ver figura 3.8), la longitud
de la seccién reducida depende de la clase de material y de las mediciones que se tomen,

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

ensayos estaticos de tension.
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F.LM.E. -1LANL. DPTO, DE MECANICA DE LOS MATERIALES

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

VELOCIDAD EN ENSAYOS DE TENSION

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

TEXTURA DE GRANO Y TIPOS DE FRACTURA:

Las fracturas se pueden clasificar en cuanto a forma, textura y color de tipos de
fracturas mas comines son cono-crater, parcialmente cono y crater, planas e irregulares y
las que puedan definirse al momento de la fractura del especimen los tipos de texturas son
sedosa, grano fino, grano grueso, granular fibrosa, estillable, cristalina, vidriosa y mate y
las que puedan determinarse al inspeccionar la seccidn transversal de la pieza (ver figura
3.11).

Ca) ) (<) (4>

CTJ‘.'L Lona, - Parcial- ““Fractura

:n::lm.{ ler y sedows senis 4c Mipemu ter u-g'-..,
tems, ai- eclnlla” (ot piand)
tar y Mefoss

Fracwzras tipicas por tensién de los metales

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

MAQUINAS DE PRUEBAS MECANICAS

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

Maquina Universal de Pruebas

Maiquina de Dureza Rockwell

Mziquina de Dureza Brinell

Magquina de Ductilidad en la Mina Metéalica
Maquina de Torsion

Maiquina de Fatiga

% ¥ O * & @

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

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

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

SE ANEXAN CATALOGOS RECIENTES DE LAS DIFERENTES.

EMPRESAS DISTRIBUIDORAS DE EQUIPO DE PRUEBAS MECANICAS

NOTA:

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

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

* Calibrader para lecturas de dimensiones lineales de tipo:

1. Vemier
2. De Caratula
3. Digitales

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

*+ Extensometro para la medicion 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 direccion que se desee o
se requiera.

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

* Planimetro: para la obtencién de las areas de la grafica de esfuerzo contra deformacién
para determinar la resilencia, tenacidad unitarios y pueden ser del tipo:
1. Mecanico

2. De Caratula
3. Digital
NOTA:

Todos estos instrumentos de medicion deben estar en buen estado, calibrados y
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 especimen, al
igual que en las propiedades y caracteristicas mecanicas del material o producto.
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Stancarg Speamens Subsize Specmen
Normnal Width Pate-Type Sheet-Type & mem
40 mm 12.5 mm
5~Gage length (Notes 1 and 2} 200.0=02 50.0=01 250 =00
S=Wiith (Notes 3 and 4) 400 = 2.0 125 =02 £Q =01
7~ Thickness (Note 5) tuckness of material
s~ Radius of fillet. min (Nole 6) 25 125 -]
1~ Overall length, min (Notes 2 and 7} | 450 200 100
i |ength of reduced section, rmin 225 57 32
Z-Length of grip section. rnin (Note §) 75 30 30
c—Wwictn of anp section, approximate (Notes £ ang 8) 50 20 10

7€ 1—For the 40-mm wide spetimen. punch marks for measunng eiongabon atter fracture snall be mzoe on the flat or on the eoge of the spe@men and wiihn 10
recuced section. Erther a set of ing or More dunch marks 25 rmm apart, or one or more pairs of puncn manxs 200 mm apas. may de usecd. .

NOTE 2—When eiongauon measuremen:s of S0-mm wide specimens are not requires. a mmmum jenci™ o Tecutes secuon [4) of 75 mm ma2y b2 uses witn all othe
FMENSIOns similar to the plate-type spesimen. .

NSTE 3—For the three sizes of specxmens. the ends of the reduced section shall not differ in wiam by more than 0.30. 0.03 or 0.02 mm. respectively. Alsc, there ma
% 2 gradual decrease in width from the ends to the center, but the widih a1 each end shall not be more than 1 % Jarger than tne wiSth at the center.

woTe 4—For eacth ot the three sizes of spearmens. narrower widths (W and €) may be used when necessary. In such cases the wigth of the reduced section shoul:
e 2s large as the width of the material Deing tested permits; however. uniess stated specifically. the requirernents for efonganon In 2 Droduct soecificaton shall not azah
when these narrower specimens are Used.

NoteE S—The dimension T is the thuickness of the test specimen as provided for in the applicable maiena! soacfications. Mintmum thickness of $0-mm wide soesment
& e § mm. Maxmum thicknass of 12.5+mm and 6-mm wide speamens shall be 12 mm and & mm. resoasavely.

N3tz §—For the 4C-mm wade specimen, a 13-mm minimum radius at the ends of the requced section s perminted {Or stee! sSacimens under 880 MPz 1= fensis srergy
wnen 2 profile cutter is used to macheive the reduced secton.

%37 7=To ad in oDtaining axial kaamg qunng tesung of &-mm wige sDeamens, the overgl [encit SAWS DL 2t |

aoTe B—it s oeswable. if possibie, 10 make the lenzn of the cno section large enouDn 10 2L0w NS o= axre=
=g 3f the 1BNGCTN Of the anps. If the thickness o7 12.3-MmM wide Specmans 12 Ve .1 Mm. 1007 SN0 270 IS 8sor=I=s .
nazessary 10 Drevent faiure N U QnD Secton.
AZTE 9—For the tnree sizes of Specunens. iNg SNCS 27 INE SD8DIMAN §7E! I SVTIMSINZE  IF WISIN wWill I52 EDIS. =0 I°1nE 120Jn8C eavam wann 22,028 znn 00

. fesoectively. However, for reterge tesung anc wnen require? DY DroCust Soe=ficanons. e enas of g 1 2.5-m— wisg s52omen snal D2 Svmmenca witnin £,2 mim
HoTe 10—Specimens with sides paraiel throughous therr lengin are DENTETIES. €xXCet 10T TR1eree 1esuNs, D7oOvISes. (2; the 2Dove IOIFances are used; (D) an agequaie
mrmpe- of enarks are Srovided for determinalion OF €IONCanon. anc (C) when yield Srencth 3 datenlmunec. & Sutade exiensometer 15 used. If the raciure osours ai ¢
i527e of less than 2W from the eage ©f the Jnpoing cevice. the tensile properues deterrmned may not D2 representative of the matenal. In atceptance teshng. 1 ine
>eoemes meet the munimum requirements speciiied, no furthe: 1BsUNG 15 required, but if they are less than he muiniMum recurements. discarg the test and retest.

FIG. 1 Rectangular Tension Test Specimens

Wedge Grips Upoer Heot of 8. Report .
T 1 [} 1 “ b - &
O TR 8.1 Test information on maisrials nor coversd v 2
\\ w},/j product specification should be reported in accordance with
\ B 8.2 or both 8.2 2nd 8.3.
e ‘ . 8.2 Test information to be reported shall include the
I~ Liners-Thickness Voried i . R
Attorcing 10 Specimen Thuek- followmg when apphcable.
nesyio Xoep Wepger ey . 8.2.1 Material and sample identification.
Flogt Specimen— from Proiruding Anave or i .
Below Heag of Testing 8.2.2 Specimen tvpe (Secuon 6).
| dechine 8.2.3 Yield strength and the method used to determine

vield strength (s22 7.4)
8.2.4 Yield point and the method used to determine vield

. 5 - point (see 7.3).
1.10.3 The specimen’s properues were changed because of 8.2.5 Tensile sirength (see 7.6).

bor machining practice 826 El : : ‘ ,
? . 2 ongation (report both the original gage length and
1.10.4 The test procedure was incorrect, e _ = =5 =
2 th rcentage increase) (see 7.7).
1.10.5 The fracture was outside the gage length, e grincrease) (see B1)

110.6 For elongation determinations, the fractu as t-ld Requetion af area (see 7.6).
i . HEatons, e Jracie W 8.3 Test information t alabl t shail
Uside the middle half of the gage length, or b SIS a0 %9 D arelable om srauest. sha

7 . . include:
107 There was a malfunction of the testing equipment. 8.3.1 Specimen test section dimension(s).

8.3.2 Formula used to calculate cross-sectional area of

FIG. 2 Wedge Grips with Liners for Flat Specimens

Nore 26—The iension specimen is inappropriate for assessing some 5 B
WS of imperfections in & material. Other methods and Specimens specimens taken from large-diameter tubular products.

Mpigving ultrasonics, dve penetrants, radiography, etc.. may be consid- 8.3.3 Speed and method used to determine speed of

®td when flaws such as cracks. flakes. porosity, etc., are revealed during  t€Sting (see 7.3). )
g and soundness is a condition of accepance. 8.3.4 Method used for rounding of tes resuits (see 7.9).
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Standard Spedcimen Srmal-Sze Spegmens Proportional To Stangard

12.5 S & 4 25
G=Gage iength 82.5 = 0.1 450 = 01 300 =01 20.0 = 0.1 12.5 = 01
D— Diameter (Note 1) 125=02 90 =01 6.0 =01 40=01 25 =01
A— Radws of fillet. min 10 8 & 4 2
A— Length of reduced section. min {Note 2) 75 54 38 24 20

Note 1—The reducad Section may have a2 gradual taper from the ends 1oward the center, with the ends not more than 1 % larger in diameter than the cenier (Controling
dmension).

Note 2—If desred, the length of the reduced section mzy e increased 10 accommoedate 2n extansometer of any convenient gage length, Reference marxs for the
measurement of elongation should. nevertneless. be spaced at the indicated gage lengn.

NOTE 3—The gage fength and filiels shall be as shown, byt the ends may be of any form 10 fit the holders of the testing Machine m suCh a way that the load may be
axal (see Fig. 9). If the ends are 1o be held in wedge anps 1t is desrable, if possibie, 10 Maxe the length of the onp secton great eno«:gn to allow The spexmen 1O extend
nto the gnps a distance equal 10 wo thirds or more of the length of the gnps.

NoTE 4—0n e round specmens in Fs. 8 and 9, the gage lenoths are equal to five times the nominal diameter. in some proguct specficabons other speamens may
te provided for. but the 3-t0-1 ranc 1s mamniained within dimensional iolerances. the elongation vajues may not be coxnparabie with thase obtamead from the stancard lest
specmen,

oTe 5—The use of specrmens smaller than & mm m diameter shall be restncied to cases when the rhatenal 0 De testéd s of insulficient size 10 optan larosr
soeemens or when all parties acree 10 ther use for ascepiance testng. Smaller specmens require suitable equipment anc greater skifl i both maghiming and tesung.

FiG. 8 Standard 12.5-mm Round Tension Test Specimen with Gage Lengths Five Times the Diameters (3D), and Examples of Small-Size
Specimens Proportional to the Standard Specimen

= . b = £ - < s i
—— g . e —— e T
R Y S I - [ p—— T . )
e ———— " hers e T S \-;-/
% TTF ot 2 TR
L
+*B- Iy B '
i et S s
[R— ——— N
e ) — R H
Dimenstons, mm
Specimen 1 Spec:men 2 Specimen 3 Speamen £ Specimern 5
G—~Gage lencin gz.5 =01 625 =0.1 62.5 = 0.1 €2.5 = 01 82.5 =01
O~Diameter (Note 1) 12.5=02 125=0.2 12.5 = 0.2 125=02 12.5 =02
R~—Radius of fhet. mun 10 10 2 30 10 }
A=—Length of reduced secuon 75. mun 75. mun 100. exproximaiely 75, min 75. mmn
1~ Overall length. approximaie 145 155 140 149 285
B-Length of end section (Nowe 3) 35, approximatety 25, approximately 20. aoproxmartely 15, approxiraiely 75, min
C—Diameter of end section 20 20 20 22 20
Ewlength o! shoulcer ang fille 15 20 15
section. apprournate

F~Diameter of shoulder .. 15 15 15

Note 1—The reduced seclion may have a gracual taper from the ends 1oward the center with the ends not mare than 1 % larger o Giameler Than (he center,

Note 2—On Specimens 1 and 2, any standard thread is permissible that provides for proper alignment anc aids in assunng tat the specmen will break withn ¢
feduced section.
Nots 3—Dn Specitnen 5 itis desirable. if possible, 10 make the length of the grip section great encugh 10 allow the specimen to extend mio the gniss 3 Srstance equ
10 two thirds or more of the length of the gnps. -
FiG. 9 Various Types of Ends for Standard Round Tension Test Specimens
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Fi6. 10 Squeezing Jig for Flattening Ends of Full-Size Tension?? NoTe=—The diameie~ ¢ the plug shall have a shgnt taper from e hne brting
Test Specimens the testing maching jaws 0 the curved secuon.
- FIG. 11 Metal Plugs for Testing Tubuiar Specimens, Proper
Location of Plugs in Specimen and of Specimen in Heads of Testing
Machine
.v/ -.-"-\ )
5% \
.\,.' o e -t =" Pt
i [ L S b
g o TR rinmnnnmian s B EREE 7
4, 4
Nz 7
N2"3—The ego2s O the Diank 1pr the specimen shall be cut sasaliel 1o eash
orer.
FIG. 12 Location from Which Longitudinal Tensicn Test
Specimens Are to Be Cut from Large-Diameter Tube
D ! [ 1
i B o’ a N - Q.
i » 1
i L | | !
| - ﬁu' . i_‘! \‘ !
: — _— W= T ™ = e RS
L l‘ : _— . U U
i G R
Dimensions, mm
Specimen 1 Soecmen 2 Specinen 3
Nominal Wizin
125 40 40
6—Gags 1e0gIn 50.0 = 0.1 ’ 50.0 = 0.1 2000 = 0.2
e (NOte 1) 125 =02 400 = 2.0 400=20
“ e THEKNEES measured thickness of specmen
-Ratus of filet. mun 12.5 25 25
iLengm of reduced secuton, min &0 60 230
§~Length of gnp secton, min {Note 2) 75 75 75
[-widn of grip section, approximale [Note 3) 20 50 s5¢

Notg 1~~The ervis of the reduced sechion shall not differ in width by more than 0.1 mm for specimens 1, 2, ang 3. There may be 2 cracual tapes i1 width from the enc's
e center, DUt the width at each end shall be not more than 1 X greater than the width af the center.

Note 2-—It 5 desirabie, € possible, 10 make the length of the grip SECToN great enough to allow the specimen 10 extend into the §nps a distance equal to two thirds or
mye o the length of the grips.

Note 3--The endis of the specimen shall be symmetrical with the center fine of the reduced section within 1.0 mm for spearnen 1 and 2.5 mm for specnens 2 and 3.
tare 4~—Specimens with sides parafiel tiroughout their iength are perrutted, except for referee testing and where prohibited by product specification, provided: (a) the
fove Wisrances are used; (b) an adequate number of marks are prowced for Cetermination of elongaton: and (c) when yield strength is delermmed, a switable
Anentometer is Lsed. if the fracture ocours a1 a distance of less than 2W from the edge of the gripping device, the tensile properties cetermined May NGt be representatree
£ e material. if the properties meet the Minsmum requinements speciied, no turther testung is required. butl if They are fess than the mnimurm reQurements. discard the
fest ang reiest.

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



FiG. 14 Location of Transverse Tension Test Specimen in Ring
Cut from Tubular Products

_%_._._.L_}__ D —jfl— ¢ T
b Ny 4
| SEYSN e ] __, _L %—';3/
r
{
R
Dimensigns. ™
ErzmmsT Ineomam o Zomsmen
Nomunz: Dramerer T o =
G=—Lengin of saraie. Sreal D2 ecug 1T Of CTEETEr ThEN Sigmeser O
O—Diametar Ziz02 20 =C.4 306.0=C35
A—Raaiss of filiet, min 25 25 £0
A—Lengm of reguced secuon. mn 32 3s 60
L=—Overail lengtn, min e5 109 160
8—Length of end section. approximare 25 25 45
C—Diameter of end secugn. agproximate 20 30 48
E~tLength of shoulder, min & 6 8
F— Diameter of shoulder 16.0 = 0.4 260=04 35 = 0.4

NoTe—The recuced section anc shoulders (dimensions A. D. E. F. G, and A) shall be as shown, but the enc's may be of any form to it the holoers of the tlesung machne
" Such 2 way that the toac shat be axial, Commoniy the ends are trweadec and have the cimensions 3 anc C Siven 2bove.

FiG. 15 Standard Tension Test Specimen for Cast iron
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) (#) Design for Double Keel Block Coupon
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2. Design for Multiple Keei S10ck Coupon (4 Legs) {c) Dezign for “Antached" Coupon

FIG. 16 Test Coupons for Castings (see Table T for Details of Design)

L
8 : A : [
I |
z ; 1 I_A1N
. ! : 2 N2
< I .
e
Dimensions. mm
D—Diameter 16
A—Radius of filet 8
A—Length of reduced section 64
L—Overall length 190
B—Length of end section &4
C—Diameter of end section 20 *
E=—Length of fillet s

FiG. 17 Standard Tension Test Specimen (or Malleabie Iron
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foly tociedon | 15N | 30N | as5N | A D | C Scales C, D, A
icated scale [ 15 l 30 | 45 | 80 100 150 8rale Diamond Indentec
,i i kgl | kgi kgi ' kgt kof kgl Diameter of specimen — Inches {mm)
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049 “.02) i X X X X X 20 116" 33" lndﬂﬂtET
; ; Rockwell Rocxwell Diameter of specimen — inches (mmj)
y greater i Superficial Regular ob T
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These corrections are approximate only and represent {he averages. !0
tre nearest 172 Rockwell number, of numerous actual observations.
These values are consistent with ASTM E18 Tables 6§, 7, 13 anc 14,
When testing cylindrical specimens, the accuracy of the test will

te seriousty aftected by alignment of elevating sgrew, Yee anvil,
indeniers. surface finish and Lhe straightness of the cylinder.
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A
§—Gage length 500 = 0.1
p— Diameter (see Note) 64=0.1
f— Radius of fillet, mn 75
i— Length of reduced section, min &0
{— Overall length, min 230
g— Distance between onps, mm 115
(— Diameter of end seclion, 2poroximate 10

Note—The reduced section may have a cradual taper trom the ends towarc
the center, with the ends not more than 0.1 mm larger in diameter than the center. -

FiG. 18 Standard Tension Test Specimen for Die Castings
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Pressing Area = 645 mm?
NoTE=—Dimensions specified, except G and T. are those of the die.
Dirnensions, mm

G-—Gage length 25430 = 0.8
O— Width at center §72=0.03
W=—Width at end of recluced section 587 = 0.03
T—- Compact to this thickness 3.56 10 6.25
A— Radius of fillet 254
A-— HalfHength of reauzed section 15.88
&— Grip length 80.25 = 0.03
L— Owerall length 89.64 = 0.03
C— Wiath of gnp section 8.71 = 0.03
F— Half-wiith of gnz secuon 4.34 =0.03
E— End radius 4.34 = 0.03

FIG. 19 Standard Flat Unmachined Tension Test Specimen for

Powder Metailurgy (P/M) Products
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Approximate Pressing Area of Unmachined Compact = 732 mm=
Machining Recommendations

1. Rough machine reduced section to 6.35 mm diarneter
2. Finish tumn 4.75/4.85 mm diameter with radii and tadar
3. Polish with 00 emery cioth
[-8

. Lap with crocus cioth

Dimensions. mm

G—Gage length

D—Diameter a1 center of reduced secoon

H—Diameter at ends of gage fength
A—Radius of fillet

A—Length of reduced section
L—Overall length {die cavity iength)
B—t_ength of end section
C—Campact to this end thickness
W—Die cavity width

E—Length of shoulder
F—Diameter of shouider

J—ind fillet radius

2540 =08
475 =003
4.85 = 0.03
635+ 0.13

4763 =013

75, nommnal
7.88 = 0.13

10.03 = 0.13

10.03 = 0.08
635 = 0.13
788 = 003
127 = 0.13

NoTE 1—The gage length and filets of the specmen shall be 2s shown. The
ends as shown are designed to provide a practical mnimum pressing area. Other
end designs are acceptable and in some cases are required for high-strengtn

sintered materials,

NoTE 2=1t is recommended that the test specimen be gripped with a spiit
coflet and supported under the showulders. The radws of the coliet suppont circutar
edge 5 10 be not less than the and fillet radius of the test specimen.

Note 3—Diameters D and # are to be concentric within 0.03 mm total
indicator runowt (T.LA.). and free of scratches and tool marks.

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



APPENDIX

{(Nonmandatory Information)

X1. FACTORS AFFECTING TENSION TEST RESULTS

¥1.1 The precision and bias of tension test strepgth and
juctility measurements depend on strict adherence to the
qated 1est procedure and are influenced by instrumental and
paterial factors, specimen prcparauon, and measurement/
|5HDg SITOTS.

X1.2 The consistency of agreement for repeated tests of
jhe same material is dependent on the homogeneity of the
saterial, and the repeatability of specimen preparation, test
:onditions, and measurements of the tension test parame-
lefs'

Xi.3 Instrumental factors ‘that can affect test results
nciude; the stifiness, damping capacity, natural frequency,
md mass of the tensile test machine, the accuracy of loading
nd the use of loads within the verified range for the
machine, speed of loading, alignment of the test specimen
with the applied load, paralielness of the grips, grip pressure,
niture of the load control used, appropriateness and calibra-
iior of extensometers used. and so forth.

X1.4 Matenial factors that can affect test resuits include:
apesentativeness and homogeneity of the test material,
ampiing scheme, and specimen preparztion fsuiface finish.
imepsional accuracy, ililels at the 2nds of the gage tength.
ae0in the gage length, Dent specimens. thread quaiity, and
w0 fonh).

X1.4.1 Soms materiais are very sensitive 10 the quaiity of
desurface finish of the test specimen (see Note 11) and must
b gound to a fine finish, or polished 10 obtain correct
msults.

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

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

X1.4.4 Test specimen size can influence test results. For
tlindrical specimens, changing the test specimen size gener-
lly has 3 negligible effect on the yield and tensile strength
bulmav influence the yield point, if one is present, and will
inluence the clonganon and reduction of area values. In
Eneral, increasing the spemmcn size reduces the % clonga-

naud % reduction in area, although some studies have

o cﬁ'cct. or the opposxtc effect. For rectangular
htllsi]e test specimens, increasing the width or thickness

y increases the % elongation and decreases the %
®yion in area.

X14.5 Use of a taper in the gage length, up to the allowed
'% limit, can result in lower elongation values. Reductions
"ismuchas 15 % have been reporied for a 1 % taper.
,%1146 Some materials are highly strain-rate sensitive,

in the strain rate can affect the yield strength and
°°%ﬂl°n values, especially for strain-rate sensitive mate-

rials, In general, the yield strength and elongation will
increase as the sirain 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 gnp 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, extensomelers, Ini-
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 specirmens with non-ma-
chined surfaces may be imprecise due to the irregularity of
the surface flatness.

X1.5.2 Matenials with anisotropic flow characterisucs
may exhibit non-circular cross sections after fractere and
measursment precision may be zffacied, ac g regnit (s2e Nae

22,
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fizt surfaces may b= paraboiic in shape afier tesiing which
will affect the precision of final cross-sectional zrea measure-
menits (see Note 25).

X1.5.4 If any portion of the fracture occurs outside of the
middie of the gage length, or in a punch or scribe mark
within the gage length, the elongation and reduction of area
values mav 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 thap threaded specimens.

X 1.6 Because standard reference materials with certified
tensile property values are not available, it is not possibie 10
rigorously define the bias of tension tests. However, by the
use of carefully designed and controlled interlaboratory
studies, a reasonable ‘'definition of the precision of tension
test results can be obtained.

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



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

X1.6.2 The averages (below columns four and six in each
whiel of the coefficients of variation permit a relative
~mparison of the repeatability (within-laboratory precision)
. reproducibility (between-laboratory precision) of the
wusion test parameters. This shows that the ductility mea-
arements exhibit less repeatability and reproductbility than
o strength measurements. The overall ranking from the
w10 the most repeatabie and reproducible is: % elonga-
awnih 3D, % reduction in area, 0.02 % offset vield strength,
ul %z offset vield strength. and tensile strength. Note that the
wnkings are in the same order for ‘the repeatability and

reproducibility average coeflicients of variation and that th
reproducibility (between-laboratory precision) is poorer tha;
the repeatability (within-laboratory precision). as wouild b

 expected. :

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

specimens.

TABLE X1.1 Precision Statistics—Tensile Strength, MPa

latenal X 5, 54X % 5n SaiX. 5 r R
Erai0 177.5 0.63 2.45 0.63 2.45 1.78 1.76
w7351 492.9 0.88 124 0.96 1.34 . 2.47 268
#87L AI035 538.8 0.60 0.70 1.27 1.45 1.68 3.55
£3318 . ES959 0.32 0.39 1.21 120 1.09 3.39
raongl 600 £88.1 Q.42 0.43 072 0.72 1.18 2.02
R 410 1257.0 0.46 0.2s 1.14 0.63 1.29 3.20
\ Averages: 0.91 1.30
{ “oiE X 5 the average of the call averages. thal is, the grand mean for the test parameter.

5.5 me repeatability Stanoard deviation (withindaboratory precision).
¢ X5 the coefficient of vanaton in %.
% 4 Me reproducibility standard deviation (Detween-aboraiofy precision),
3. 1. % the coefficient of vanation, %.
TAE_Z Nt.I  Precision Smatisuss—..l% % Yieie Strength. MFz
€, /X, % ETS Sa/X. % r =
0.5 3.8¢ 1.19 7.36 1.81 203
0.84 1.64 0.89 3.73 2,325 248
1.20 202 1.8¢@ :.18 .37 ]|
238 491 2.61 g.49 8.68 2.9
0.46 1.18 076 1.95 1.28 213
2.40 2.29 3.7 302 6.73 8.88
Averages: 257 £.48
TABLE X1.3 Precision Statistics—0.2 % Yield Strength, MPa
Watenat X s, X % Sn SafX. % r =

10 135.0 047 206 0.48 .07 1.33 1.33

L1351 354.1 0.74 1.41 0.7% 1.48 2.08 220

2 A0S £03.7 0.83 1.42 1.44 2.87 2.3 4.03

] 481.6 0.94 1.2 2.83 407 2.63 7.93

e 600 268.1 0.36 0.83 0.85 218 1.0 2.37

§1210 §70.7 128 0g2 2.30 1.64 3.60 6.45

Averages: 135 232




TABLE X1.4 Precision Statistics-—% Elongation in SD

Material b 4 s, SR % S S/X. % r R
EC-HI9 14.61 Q.59 4.03 066 4.52 1.65 1.85
2024-T351 18.04 0.64 as7 172 953 | 1.81 4.81
ASTM AI105 25.63 0.77 299 1.30 5.06 215 3.63
AlSE 316 3593 0.71 : 1.98 268 7.45 2.00 7.49
Inconeal 600 41.58 0.67 161 1.60 3.86 1.88 4.49
SAE 51410 12.39 0.45 .61 0.896 7.75 125 2.69

Averages: 297 6.36
NoTE A1—Length of reduced secuon = 6D, )
TABLE X1.5 Precision Statistics—% Reduction in Area

Matenal X 5 S/X. % 5n [ 454 r A
EC-H19 79.14 1.94 2.45 202 2.56 £.44 567
2024-T351 30N 2.07 6.82 3.58 13.80 5.79 10.01
ASTM A0S 65.58 0.84 1.28 © 1.26 1.92 2.35 353
AlSI 316 71.49 0.28 1.39 1.61 225 278 £.50
inconel 600 50.34 0.67 1.14 0.70 1.18 1.88 197
SAE 51410 50,49 1.86 4.69 3.95 7.81 521 11.08

Averages: 2.80 4.59

The American Society lor Testing and Materiais takes no position respecting the validity of any patent rights asseried in connection
with any dem mentioned in this stancard. Users of this siandard are expressly advised that cetermination of lhe vaiidity of any such
paten? rigrnts, and the risk of infringement of such tights, are entirely their own responsibility.

Tris siancard is subject 10 revision 3t any time by the responsible technical committee and mus: be reviewed every five years ancd
i nor revised. either rezpprovec or witharawn, Your comments are invited either for revision of this stancars or for additional stangaras
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APPENDIX

(Nonmandatory Information)

X1. FACTORS AFFECTING TENSION TEST RESULTS

X1.1 The precision and bias of tension test strength and
ductility measurements depend on strict adherence to the

sated test procedure and are influenced by instrumental and -

matetial factors, specimen preparation, and measurement/
testing €ITOTS. ’
X1.2 The consistency of agreement for repeated tests of

the same material is dependent on the homogeneity of the -

material, and the repeatability of specimen preparation, 1est
ronditions, and measurements of the tension test parame-
ters.

X1.3 Instrumentat 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 venfied range for the
machine, speed of Joading, alignment of the test specimen
with the applied load, paralielness of the grips, grip pressure,
nature of the load control used, appropriateness and calibra-
tion of extensometers used. and so forth.

X1.4 Material factors that can affect test results include:
represemativeness and homeeensity of the test material
sampiing scheme. and specimen preparzuon (surface finish.
dimensional accuracy, fiilets ai the ends of the gage izngik.
iaper in the gage iength. bent specimens. thread guaiity, and
so forth).

X1.4.1 Some marterials are very sensitive 10 the quality of
the surface finish of the 1est specimen {see Note 11) and must
be ground to a fine finish. or polished 1o obtain corract
results, :

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

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

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

generally increases the % elongation and decreases the %
rduction in area. )

- X1.4.5 Use of a taper in the gage lengih, up to the aliowed

1 % limit, can result in lower elongation values. Reductions

of as much as 15 % have been reported for a 1 % taper.

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

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

X1.4,7 Britle materials require carefu] 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 Flartening of tubular products to permit testing
does alter the matenal properties, generally nonuniformity,
in the flattened region which may affect test resnits.

X1.5 Measurement errors that can affect test resuhs
include: verification of the test force, extensomeiers, 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, 2
rolled, as-forged. and other test specimens with non-ma.
chined surfaces mayv be imprecise due to the irreguiarity of
the surface flatness. :

X1.5.2 Matenals with anisotropic flow characteristes

may exhibit non-circuiar cross sections after {racture and
measurement precision mayv be affecied. s 2 result (s== Note
24).
N1.5.3 The corpems of recignguizr it specimens an
subjact 10 conmsireln cuning daformeanon and the originally
flat suriaces o2y be parabolic in shaps zfisr tesung whict
will affect the precision of final cross-sectional arsz measure-
ments (see Note 23).

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

X1.5.5 Use of specimens with shouldered ends (“*butios
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 10
rigorously define the bias of tension tests. However. by the
use of carefully designed and controlled interlaboratory
studies, a reasonable definition of the precision of tensios
test results can be obtained.

X1.6.1 An interlaboratory test program® was conducte
where six specimens each, of six different materials wen
prepared and tested by each of six different laboratones
Tables 2.1 10 2.6 present the precision statistics, as defined ¥
Practice E 691, for: tensile strength, 0.02 % yield strength
0.2 % vield strength, % elongation in 5D, and % reduction it
arca In each table, the first column lists the six material
tested, the second column lists the average of the averag
resuits obtained by the laboratories, the third and §f
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



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

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

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

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

TABLE X1.1 Precision Statistics—Tensile Strength, ksi
Material X S 5./X % Sa Sa/X. = r R

EC-H19 25.66 0.63 245 Q.63 2.45 1.78 1.76
2024-Ta51 71.26 0.88 124 . 0.6 1.34 . 2.47 2.68
ASTM A105 86.57 0.60 0.70 127 1.46 1.68 3.55
ASI 316 100.75 0.38 : 0.3%9 1.21 1.20 - 1.08 3.39
Inconal 600 09.48 0.42 0.43 072 0.72 1.19 2.02
SAE 51410 181.73 0.46 0.25 .14 D.63 1.28 3.20

Averages: 091 1.30

Note: X is the average of the cell averages. that is, the grand mean for the 1est parameter,

s, 15 the repeasability standard deviation {within-Jaboratory precision),

5/X is the coeficient of vanztion in %,

g i$ the reproducidility stangard deviation (D2 wsan-200r210my Sresisian),
Se/X 15 e costficient of vanzauon, %.

rig the 9% % repeatadiiity imes.

2 5 (he &3 % reorocusniine Lans.

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

Material b < 5, 5/X % Sp Sa/X. % r R
EC-H18 16.17 0.65 3.99 1.18 7.3% 1.81 3.33
2024-T351 . 51.38 0.84 1.64 0.89 1.73 2.36 249
ASTM A105 59.66 1.20 2.02 1.89 3.18 337 5.31
ASI 318 4862 2.39 491 4.61 049 6.68 12.91
Inconed 600 3874 0.46 1.8 0.76 1.96 1.28 2.13
SAE 15410 104.80° 2.40 2.29 3.17 362 6.73 8.88

Averages: 2.67 ' 448
TABLE X1.3 Precision Statistics—0.2 % Yield Strength, ksi

Materiat X s, s /X % Sa Se/X. % r R
EC-H19 22.88 0.47 2.06 D.48 2.07 1.33 1.33
20047351 : 52.64 0.74 1.41 0.79 1.49 2.08 2.20
ASTM A103 58.35 0.83 1.42 144 247 2.0 403
ASI 316 69.63 0.94 1.38 2.83 4.07 2.63 793
Inconed 600 3891 0.36 0.93 Q.85 2.18 1.01 2.37
SAE 51410 140.33 129 0.92 2.30 1.64 3.60 6.45

Averages: 1.35
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TABLE X1.4 Precision Statistics—% Elongation in 4D

Matenal X s SX % Sa L) O 4 r R
fe-H19 17.45 0.54 3.69 0.92 530 1.80 259
2T 19.75 . 0.59 299 . 1.58 B8.00 1.65 443
3T A105 29.10 0.76 2,62 0.98 338 213 276
FL 40.07 1.10 2.7% 2.14 535 3.09 6.00
el 500 44 .27 0.66 150 1.54 3.48 1.86 431
€ 51410 14.48 0.48 329 0.9g9 £.83 134 2.77

. Averages: 2.81 5.39
Note AT—Length of reduced section = 6D, .
TABLE X1.5 Precision Statistics—*% Reducticn in Area

Matenal X S S/X. % Sm SnfX. % r A
H19 79.14 154 2.45 202 256 S.44 5.67
eI 30.31 2.07 6.82 3.58 11.80 3.7 10.01
HTMA105 65.59 - 0.84 . 1.28 126 .92 2.33 3.53
Bkl 71.49 0.9 1.38 1.61 2.25 2.78 4.50

“senel 500 £9.34 Q.67 1.14 0.70 1.18 1.89 1.97
348 51470 50.49 1.86 3.69 395 7.81 . 521 11.05
Averages: 2.80 4.59

The American Society for Testing and Materials takes no position respecting the validity of any paternt rights asserted in connection
with any ftern mentioned in this standard. Users of this standard are expressly advised that determination of the valicity of any such
patent rignis, and the nisk of infringernent of such rights, are entirely their own responsibility.
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La mdxima resistencix a la tensidn ¥ ¢l mddulo de elasticidad para cada polimern son:

Resistencia Mdulo de
& la tensicn elasticided ‘ -
"Polimera {psi) {kst) Estructura
Palictilena BD . 3000 0 Aliamente ramifi-
cada, amorfa con
Tneros simetricos
Polietilenc AD 5500 180 Amorf{a con mcros
simétricos pero escasa
ramificacién
Polipropileno 6000 220 Amorfa con pequeiios
grupos latcrales de
mctilo
Policstireno 8000 450 Amorfa con grupos
latcrales de bencene
Cloruro de polivinile 9G00 » 600 Amorfa con grandes

dromos de cloruro
camo grupos lacerales

Se puede concluir que

(a) La ramilficacidn, que reduce la densidad y la compaciacion de lus cadenas, reduce las
propicdades mecinicas del polietileno.

(b} Adadiendo Awomos o grupos diferentes del hidrégeno a la cadena, se incrementan la re-
sistencia v la rigidez. El grapo metilo en el polipropileno propoerciona alguna mejoria.
¢! 2nillo de benceno del estireno preporciona mejares propiedades v el 3tomo de clorure
=1 ¢l tleruro de peiivinilo proporciona una Zran miejora ¢n 'as propiecades merdnieas.

Resisteneia Adduly de

a la tension Elongacion ¢elasticidad
Poliriero (psi) (%) Cksi)
Termoplisticos por adicidn lineales 3000-12,000 5-800 +0-600
Termoplidsticos por condensacién lineales 8000-17.000 10-300 250-600
Polimeros termcastables 4000-15,0C0 0-6 500-1,600

+

Los polimeros por adicién lincales tienen la menor resistencia v rigidez pero la mayor
ductilidad. Los termoestables ticnen la mavar resistencia vy rigidez pero son fragiles. La
mayoria de los termoplisticos por condensacion lineales tiene propiedades intermedias; su
estryctura molecular es normalmente mas complcia que 1a de los polimeros por adicién,
pero no estdn ligados en forma cruzada como los termoestables.
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TABLA 425§ Grupos unctonales paro varios polimeros lermoesiables

Module
Resistencia T de
- ¢ la tensién dasticidad  Densidad
Polimero Estructura . (psi) Elongacion (%) (ksi) (g/em’)
H
|
O
H H-
Fenélicos : 5.000-9,000 0-2 400-1300 1.27
‘H H
H
H H
Aminas e 5.000=10.000 0-1 1000-1600  1.50
1
C
g N\ ]
N N Melamina
I i
H C 3 H
NSNS\
N N N
Ve ~
H H
H O H
R 7
N—C—N Urca
ra N ‘
H H
T H HEC
Bz £ d -?v '3 e L
Poliésiere:s oG G C = A Aguo=13aey =3 2ot 4 R T t.23
H (o) : o H
o NN N
Epéxicos /C—C—R—C——C\ 4.000- 15,000 0-6 400-500 1.25
H H
U
Uretanos H—O—(l'J—N—R—N—C'Z—O—H 5.000-10,000 3-6 1.30
/H ———=
H
N 7
l-{'\ VRN
F
Vinas C=C H 3.000—4.500 .
N IJSQ 1.55
O
Ve
Cwm=(C
e
H H
: H
i I
(l) H—-(IZ—H
Silicones ~—Si—O—Si— O '
3.000-4,
I ood 0 1200 1.55



TABLA 12-4 Unidades repetitivas y propiedades de qigunos elastomeros

Resistencia
. . a la tensian, oL Densidad
Polimero Estructura ; (psi) Elongacion (%)  (g/em’)
1
) H H—C—H H H
Pelitsopreno i ] I 1 3000 800 0.93
C C C—C
| |
H H
H H
_ | [
Polibutadieno --—-CI:-—CII==C—C—--- 3500 0.94
|
HHHH
i .
S O i
1
Pelibutileno ‘--(;—C=====C“—(l:*-(l: f 4000 320 0.92
o H{H H—C—H
J
L 24
- {::: T .ll-_'
Policloropreno S S S S 3500 800 124
(neopreno) ] T
H H
S
Butadieno-estireno Al s L oLl L 600-3000 600-2000 1.0
{caucho BS o SBR) I"C C f,f c :
LH H1H é
B HHH|H H
L L1 cl: | |
Butadieno-acrilonitrilo - <|Z—C==C---I (‘3—-('3—-“ 700 100 1.0
H H]H C=N
H Iii H

H——-(’:—H H—C—H H—(':—H
Silicon _o—ég—o-—éa—o—s'.—m 350--1000 100700 1.5
H—é—H H—é—H H—C—H
B &



TABLA 123  (contnuacién)
Mddulo
R:im'ndc de
4 8 la tensiin elasticidad Densided
Polimero Estructura (si) Elongacidn (%) (k) (s/em’)
Poltimida 11,000-17,000 8-10 300 1.39
C o

TABLA 42-3 Unidodes repetitivas y propiedades paro tetmop!os.tcos tipicos que tienen estructuras de
cadenc complicadas
AMadula
Reststencia de
. a la tensidn . dasticidad  Densidad
Polimero Etractura {pi) Elongacian (%) (kai) (elem’)
Lo
Polidter == Q0—C—O—C—0O— 9,500-12.000 25-75 520 1.42
{acctal) i i |
H H H
Poliar.—fidu: 11.000-12.0C0 50200 400-3500 1.14
favien
- o A r o2 E oM M 2 HOE
---T—'-:_:—c—(":-—C—c—c—-—&—é—g:-—c':—c—é—c—;\':—---
(TR T S T T R I
4 H HHHH H HHH
Poliéster §.000-10,500 50-300 400-600 1.36
{dacron)
H 0] Q H H
] i 1 b
—(IZ—O—C C—O—C{:—(I.I—O—---
H H H *
Policarbonato 9,000-11,000 110-130 300-400 1.2
|
H—(i‘,—-l-l
et
H—(]Z--H
H
Celulosa 2.000-8.000 5-50 260-230 1.30
H H
| |
¢
c————c



© TABLA 12-2 Meros y las propiedades de algunos termoplasticos producidos mediante polimerizocién

par adicién
Madulo _ )
Resistenela dr
a la tension . dasticidad  : Demsidad
Pelimere Estrucetuyre (pri) Elungacion (%) . Chi) " (e/en’)
H H
Polietilenc 1
baja densidad (BD) —_C—C— 600-3,000 50-800 15—40 0.92
alta densidad (AD) [ 3,000-5.500 15-130 60-180 0.96
H H :
B
Clorure de polivinilideno -C——(]:_- 5,000-9.,000 2-100 300-600 1.40
' I
H H
H H
Palipropileno —<j3 ti’«— $:900-5.000 10=>¢0 160-220 Q40
H H—-(IZ—H
et
¥
Peitesiirenc =G B -3 P L
~-
?
-—¢—C-—
Polimstiimezacrilato }!i (I:__=O 6.000-12.000 -5 350450 1.22
{Plexigiass acrilica) i '
7
H—(IZ—H
H
1T
Cloruro de polivinilo = =G - 3.500-5.000 160-240 30-80 1.15
bl
H
F Cl
Policlorotriluoroetiieno _Cj__([_‘_- 4.500-6.000 80-230 150-300 2.15
|
F F
F F -
Polizetraflucroctileno | 2,000-7,000 130-400 60-80 2.17
(teflon) - C—C—




PROPIEDAD FIRRAS NATURALES FICRAS ARTIFICIALES (ORGANICAS) FIBRAS .
PE LA FIBRA L vegeraies ANIMALES connEnsacIon + | Aprcion JARTIFICIALES
- [HORGANICAS
| NOMBRL NE F1BRA ALGODON LANA SEDA HIlON TERVLENE {POLIETILENO) VIDRIO
F1BROINA .
UnIDAD MONOME CeLurosa QUERAT 1 HA Y Aripa Ester . ETILERO S:OZ
Sertcina
RESISTENCIA: _ ;
A) ALCALLS . ALTA BA A BAJA ALTA REGULAR BUENA " MALA
a) g:":"'\'g'l‘zgi ALTA | ALTA ATA REGULAR REGULAR REGULAR BUENA
c) Aci003 BAJA BaJA BAJA BAJA REGULAR BUENA - BUENA
n) HOosnS REGULAR RESW: AR RAJA ALTA ALTA ALTA ALTA
£} INSECTOS ! R LA BAJA ALTA ALTA ALTA ALTA
BENSTINAD 1,58 ares” | 1.52 G/CHS‘. 1.27 1.14 g/cn’ 1.138 0.9—0.925/013. 2.52.7 c/c«s
355R5E 14 H-2 PR 58 AR 2 57 CAST HuLs Wi '
g LSO S 1y 2 kasen? f1on weren” [3.70r6/cn? |50-70x0 /el
RCSISTEMCIA A L ; Y i .
TRJ“C(IOI" (KG’C."‘ ) 4.200 by ‘-a ‘4.90 5-0 Q.QUO ‘I{DD 21;00 -,
TEMPERATUNA MAX. Ay z
OE TRARAI) OC it0 10a 200 210 220 70 750
DIAMETRO 20 15-50 §-15 '
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EJEMPLOD "HONOMEROS {UNIDAD MONOMEF {CA) Usos
POLIMERD -

CHZ-CI‘IZ -CHZ*CHz- El mads combn e im

£ £ sortante golimero
FREISTILED ETILEMO ToCu cu.~] tolsas, 2islamien
- £ 1= to y botellas mol
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l m
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g 1
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TABLA B.3. PROPIEDADES MECANICAS DE LAS ALEACIONES LIGERAS NO FERROSAS®

Msdulo Néme | Limite de
Resisten ume-l'
Comportcid cla a 13 | Resisten- H'd'h“h Porvieato] Resiaten. | 10 de ffatgaparay o
Aleacidn ; p‘ﬂ 4 = cedencia cia a la cidad en de elon.] eia al dusezn| flexianes b/pls®
dproniziads, P tensién, |te0560gecton enf corte, | de [TEvertdas,
porceataje tenatén.t | 1/plc* 2 pig \wplgs | Rock.| 1b/Plg”
i b/plg? -1 “wen
Mescién de aluminio 2024: Aluminio 93; vabre 4.5 i i
Temple O } magnesio 1.5; manga- { 11 000 27 000 10.6 g 18 00O Hoo 13 000 a.1e0
Temple T36 oeso 0.8 57 000 72 000 10.6 13 42000 | Bso 13000 | 0.100
Alescién de alvminio 2014: ' . .
Temple O } “:'E’:f:‘% :‘3' mi:'f:n;‘:' {14000 | 27000 | 100 18 15000 | Hor | 13000 | 0.702
= ) ; p 42 B&: 1 0.102
Temple TE R e ST [ 60 000 70 000 10.6 1 000 33 8 000
Aleseidn de aluminio S052:
Temple 0 } Aluminio 97; magoesio 2.5; { 13 000 28 000 10.0 30 is o6 | ws2 16 600 0 096
Temple H38 cromo 0.25 37 00 2 o) 10.0 8 24 Q00 E&5- 20 600 0.0uG6
Aleacién de aluminio 5456: - .
Temple © ] A??“:,::;g:’g?_":o_ { 23 000 5000 | ... 24 33000 | o0 | oue... 0.092
Temple H321 Bré 0.15: cromio 0I5 37 000 51 0Q0 g 16 30 000 0.02
Aleacién de aluminio 7075:
Temple & Alcacién 90; cing 5.5; [ .
: 15 000 33 000 i 17 22 000 | F&3
Temple TS } :;r::o 1653: magnesio 2.?; l 23 000 &3 000 i ) 3 000 1190 23 000
AMeacién de magnesic AMIOOA. )
Tundiclén, condicién F A
. £ Magnesio 90; aluminic 10: 12 oM 22 000 6.5 a 3 00Q ol 10 0 Q.0G8
Fundicién, condicién T61 } manganeso 0.1 ' { 17 000 50 QU0 .5 ! 21000 | a0 | 10000 | c.0co
Aleacibn de magaesio AZE3A: 4
Fupdicién, condicién F } Magmesio 9%i; zluminio §; { 14 ON0 29 000 6.3 4 I5 000 E39 i1 000 Q. 065
Fundicién, condicién T6 cinc 3: manganeso 02 v 000 40 000 6.5 ] 20 00U Esl 11 00 Q.064
fropiedaces 2iasticas ¢a marzrizias representatives,
ilemperatura cidinaria
Madulo Rigidez expecifice
Youzy Pelacion Eia,
Material E, 100 Nim*! de Poiscon.v 165 N - mikgt
Gratito 129 5000 TABLA &-3  Reiccién entre el
(ristales de Al,Cqlzafirel : mécdulo de alcsticidad vy ia
(1010 230 380 temporatura de fusién de los metcies
112 3 o ;
(1120] 125 ?10 Tanteetzia de Modnlo A
(00C1] 43 120 fusiiiz eletizidud
Bora o 45 0.2 190 Afetal () (31}
luburo sinterizada WO 63 n.zn 48
itraccerdmico 160 0.23 39 Pl 397 2.0 x 15"
drio de sitice g 0.24 32 Mg 550 R.3 x 16
. L. 30 s - 5
llaaciones de aluminio 7 0:3 28 A el g i 19 ;
wro. 24 0.25 P Ag 962 10.3 3 167
’ = ;" Au 1064 [13 e 109
tagstens 1 0.2¢ 2 Cu 1035 180 % 10°
hdera {tipical: T Ni 1433 29.0 x 10%
longitudinal} -1 ~0.04 16 Fr 1538 300 % 138
radial 0.07 ~0.3 1 Mo 2610 43.4 ¢ 17
. - o - o M 5 w tné
tangencial 0.06 ~10.3 1 W 5419 545 % W
lesciones de cobre 12 €.33 i3
Hén (nylon) 0.3 048 2
dietileno 0.0¢ (% 0.4

{Prea convertis Nim? en kgliem?, multipliquese por 1.620 x 103 y =n Ibipulg?, por

W x 10-4

tPara convertis N* mikg en kgf - mkg. multipliqueze por 9.80 y en fh - puig‘it.,.,.
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TABLA 13-2 Propiedades de algunos materiaies relorzadot con libras

Resnlencra Moduty dy Tenpesatura Nddulo Resistencia
Densided ¢ la ienyiiin elasticidad © dr_fusion cipecifico nrpeeifica
Malrrial (e/em’ ) () (= ItF pai) (*C) (x 10 plyy (= 1P ply)
Vidrio K 2.55 300 10.5 <172% 1.4 5.6
Vidrio § 2.30 650 12.6 <1793 14.0 1.2
$i0, 2.19 850 10.5 1724 153 10.8
ALO, 513 300 15.0 20158 218 2.6
2:0, 4.84 300 0 2677 28.6 1.7
Cralito HS 1.50 400 0 3700 74.2 7.4
{alta resistencia)
Crafito HM 1.50 270 1 3700 148 50
{alto médule)
aN 1.80 200 i3 27%0 18.8 2.9
3orn 2.36 00 53 2030 64.7 4.7
RL 2.16 330 70 2430 82.4 13
Sic 4.09 A0 o 2700 47.3 3.3
Tis, 4.4 13 74 2980 43.3 S
Be 1.83 135 44 1277 7.5 2.3
w 19.4 380 35 3410 3.5 0.3
Mo 10.2 320 a2 ’ 2610 14.1 0.9
Kelar 144 323 13 3.7 10.1
Whiskers
ce Al 3946 1000 62 1982 43.4 21.0
e Be) 2.83 1900 50 2530 48.5 18.
de 8,0 2.52 2000 70 2450 76.9 22.1
de SiC 3.18 3000 70 2700 60.8 26.2
de SiyN, 513 2000 55 - 47.8 17.%
de prafite 1.66 3000 102 . 3700 170 50.2
de Cr 7.2 1290 35 1890 18.4 4.9
de Cu 8.92 427 18 1088 36 1.3

Adupacks ke Lo | Risstinan, "Maobane ol frqe-ni sl Fiteer Reinbaveld Plbh ™, Campet Eogymeving lamisain, ool G M e, T MU,
Praa, et .
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PARTE 2 — CrriMIcas (Tornados de medlos numerosos)

3 -
Conductividad | pxpansisn Resistividad " Médulo de.
Material Gravedad calem térmica en eléctrica en elasticidad
= especifica pig/pig/°C ocbhm-'cm promedio,
*C-cmiseg a 20-ct a 20°Ct Ib/plg® a2 20°C
a2 20°C* ~ -
ALO, - 3.3 007 £ 5X 10~ 50 X 109
Tabique .
Edificio 2.3(x) 0.0015 5% 108 —_
Arcilla fuego 2.1 0.002 2.5 % 10— 1.4 % 108 —
Grafito 1.5 —_ 3X 10~% — s
Pavimento 2.3 -_— 2 % 108 — —_
Silice 1.75 0.002 —_ 1.2 X 168 —
Concreto 2.4{x) 0.0023 7X 106 —_ 2% 10%
| Vidrio
Plancha 2.5 0.0018 5% 10-¢ igt# —_
Borosilicato 2.4 0.0025 1.3 x 10— — 10 X 10°
Silice 2.2 0.003 0.3 x 10-¢ 1970 ! 10 X 10¥
Vycor 3.2 0.003 0.35 X 10— — —_—
Lana 0.05 0.0006 —_ —_ _
Grafito (bulk) 1.9 — 3% 10-¢ 103 d 1 X 108
Mg0 3.6 — 5% 10-¢ 10° (2000°F) ; 30 X 10%
Cuarzo (SiO,) 2.65 0.03 I T X 10-% — 15 % 109
§iC 3.3 0.029 I 23X 10-6 2.5 (2000°F) —
TiC 4.3 0.07 ; 4% 10-8 | 50 X 106 50 X 106
PARTE 3 — MATERIALES ORGANICSS {Tomades &2 nurmerosos me:‘.'.os-'—
! Conductividad - . o 5 .. ;
; térmica en Expansisn . Resisuvidad Méguio Za !
ot 1 i Gravedad Sinie _ térmica en | elécrmicg en elasdcidad
Himtefla | especifica il . pig/plg/C | oft-cm promedio, !
*C-em?*seg a 20°Ct i a 20°C; 1 1b/plgs a 20°C ;
: a 20°C* i i
Melamina-formaldehido i.3 ' 0.0007 t 13X 10-8 1013 ; 1.3 X 10% [
1 [
Fenol-formaldehido 1.3 0.0004 foH0x 1078 1012 | 05x10°
Urea.forrnaldehido 1.3 0.0007 i 15 X 10-9 10%2 | 1.3 108 |
Hules (sinzéticos) 1.5 0.0003  : — — | 500-10,000 \
Hule (vulcanizado) 1.2 0.0003 . 453 % 108 1014 I 0.5 X 10¢
Polietleno ! 0.9 0.0003 . 100 X 10-€ 10t3 \ \
Poliestireno 1.05 0.0002 P33% 1078, 10'8 i 04X 106
Cloruro de polivinilideno 1.7 .0003 ; 105 X 10-¢ 1013 o 005X 108 !‘
Politetzafluoroetileno 22 0.0005 | 33X 1078 10t% : — ]
Metacrilato de polimetilo 2 0.0005 ;50X 10-© 10'¢ L' e x 108 |
Nylon S O £ 0.0006 f 35X 1078 101+ f04X 10% |

Wiltipticar pot 0.906 para tener Biu-plig/ F-pict.3eg. T Mulliplicar por 1.8 para tener co/tm/*C. I Dividir entre 2.54 para tencr ohm.plg.



' TABLA 10-8 Designoclones de grado.de endurecimiento para aléaciones de cobre

Hxx—trabajada en frio. (xx indica el grado de trabajo <n frio.)

Reduccién porcentual en
cipesor o didmetro

HO1 % dura
HO2 § dura
HO03 1 durma
HO04 dura
HO6 extradura

HOB dc resorte duro
H10 dc resorte extra
H!2 de resorte especial
Hi+ de superresoric

Mxx—ral como s¢ manufactura. (xx 3¢ refiere al tipo de proceso de fabricacién.)

10.9

"~
o
-~y

BHBRLY
[FORE, STy

Oxx—recocida. (xx designa ¢l método de recocido. )
OSxxx—recocida para preducir un tamafio particular de grano. (xxx sc refiere al didmerro dod
grano en 1072 mm. Por tanto, OS025 sefialaria un diametro de grano de 0.025 mm.)

TBOU—tratada por sotucién.
TF00—ecndurccida por envejecimiento.

TQxx—templada y revenida. {xx da detalles del tratamicnn térmico.)

TABLA 10-9 Composiciones, propiedades y oplicaciones de clgunas cleaciones de niquel y coballo

Revistencia Esfuerzu de .
a {a tenaiton Hucncia Elongacidn
Material (psi) (ps) (%) Aplicaciones
Ni puro {(99.9% Ni)
Recocido 30,000 16,000 43 Resistencia a Ja
Trabajado ¢n frio 93,000 90.000 4 corrosién
Monel 400 78.000 39.000 37 Vilvulas, bombas
{Ni-31.5% Cu) cambiadores de
Supcraleaciones de Ni calor
Hastelloy B-2 136000 60,000 6l Resistencia a la
{Ni-28% Mo) corrosion
MAR-M246 140,000 125,000 5 Mowres de reaccién
(Ni-10% Co-3% Cr-10% W + Ti, Al, Ta)
DS-Ni 71.000 43.000 14 Turbinas de gas
(Ni-2% ThO=)
Superaleaciones de Fe-Ni :
Incoloy 800 89,00 11,000 37 Cambiadores de calor
{Ni-46% Fe-21% Cr)
Superaicaciones de Co
Havnes 25 135000 65.000 60 Mortores de reaccidn
{50% Co-20% Cr-15% W-10% Ni}
Estclita 6B : 77.000 103,000 4 Resistencia al desgaste

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

per abrasion

Datos de Meesls Handboad, V'ol. 3. Ya. o:, Aroernan Scciery e Metab, 1950,




TABLA 40-1

Efecto de los mecanismos de endurecimiento en el cluminioy en las aleaciones

. de giuminio
Resistencia Esfuerzo ; i
- -a la tension  de j{umah Elongacign ~ E3fuerzo de fluencia (aleacion)
Alaterial {psi) (ps1) (%) Esfuerzo de fluencia (puro)
Aluminio puro rceocido 6,500 2,500 60
(99.999% Al)
Aluminio purc comcreial 13,000 5,000 45 .20
(recocido, 995 Al) :
Endurecido por solucion . 16,000 6,000 35 2.4
sélida
(1.2% Mn)
Aluminio puro trabajado 24,000 $9 000 15 8.8
en [rioun 75%
Endurecido por dispersién 49,000 292,000 35 8.8
{5% Mg)
Endurecido por .
envejecimiento 83,000 73,000 I 29.2

(3.6% Zn-2.5% Mg)

Datos madificados de Metals Handbosk, Vo, 2. 9. td., American Socicty for Metals, 1979,

TABLA 410-7 fropiedodes de aleaciones lipicas de cotre onteniacs per ciferenies mMecZnismos ce
endurecimiento
Designacion dr Resistencia Estuerzs de Eionga-
#rade de a la tensian Suencia ciin Meeanismo de
Matertal endurecimiento (psi) (psi) (%) endurecimiento
Cobre puro, recocido 30.300 4.800 60
Cobre vomercialmente puro, 03050 32.000 10,000 535
recocido para engrosar
¢l tamafio de grana
Cobre comergialmente purn, Q350235 34,000 11,000 53 Tamanoe de
recocido para atinas grano
¢l tamano de grano
Cubre comercialmente purs, H10 . 57,000 53,000 E Endurecimicnt por
trabajada en {rio delormacion
Cu-33% Zn recocido 05050 47,000 15.000 62
Cu-30¢% XNi tal coma se fabrica M20 55,000 20.000, 43 Sajucion solida
Cu-105 Sn recocido 05035 66.000 28.000 68
Cu-35% Zn trabajado en [riv H10 98,000 63.000 3 Solucidn
solida +
Cu-30% Ni trabajado en [rio H80 84,000 79.000 3 Endurecimiento por
deformacion -
CU"_,S Be endurccido por TF0O 190.000 175,000 4 Endurecimicnto por
envejecimiento envejecimiento
Cu-Al templado y revenido TQ50 110,000 60.000 3 Reaction
mnartensitica
F 71,000 28,000 30 Rcaceion cutectoide

Manganeso bronce fundido

Daten de Vral, Flanddeei, Vol. 2. 9. al

. Amerivan Six oty boe Metala, 1479,




TABLA 10-2 Sistema de designacién para las aleaciones de gluminio

Aleaciones para forja
1xxx  Alum. comercialmente puro (>99% Al) No envejecido

2xxx Al-Cu Endurecible por envejecimicnio
Ixxx  Al-Mo No envejecido
4xxx  Al-St y Al-Mg-Si Endurecible por envejecimiento
si hay magnesio presente

5xxx Al-Mg Na cnvejecido -
6xxx  Al-Mg-Si ) Endurecible por envcjecimiento
7xxx  Al-Mg-Zn Endurecible por envejecimicnio
Aleaciones fundidas
Ixx.x  Alum. coinercialmenie puro No envejecido
2xx.x  Al-Cu Endurccible por envejecimicnto
Ixx.x  Al-Si-Cu d Al-Mg-Si Algunas son endurecibles por

’ . envejecimiento
4ex.x  Al-Si No envejecido
Sxx.x  Al-Mg No envcjecido
7xx.x Al-Mg-Zn Endurecible por cnvejecimicnto
8xx.x Al-8n Endurccible por envejecimicnto

TABLA 10-3 Propiedades de algungs cleaciones de aluminio

Reststencia  Esfuerzo de

a la temsion flueacia Elvnpaciva
s fov1) (i (%) Comeniarys
Aleaciones para forja no tratabics
térmicamente
110-0 >99% Al 13,C00 5,000 10 Componcntces eléciricos, hojas
1100-H18 24.000 22,000 1) metdlicas finas (*“papel’’).
3003-0 1.2% Mn 16,000 6.000 35 rusistencia a la corrosién.
3003-H18 29,000 27.000 7 Latas para bebidas, aplicaciones
4043-0 5.2% Si 21,000 - 10.000 23 arquitectdnicas.
3036-0 5% Mg 42.000 22,000 35 Metat de relleno en soldadura,
5056-H18 60,000 50,000 13 recipicntcs, componcnies
Aleaciones para forja tratables Mannos:
térmicamente
2024-0O 4.4% Cu 27.000 11,000 20
9094.T4 68.000 47,000 20
403216 12% Si-1% Mg 55,000  45.000 9 Transportes, acrondutica,
6061-T6 1% Mg-0.6% Si 15.000 40.000 15 astrondutica v otras
7075-T6 5.6% Zn-2.5% Mg 83,000 73,000 11 aplicacioncs dealua resistencia.
Alecaciones para fundicién
295-Th 4.5% Cu-0.83% Si 36,000 24.000 5 Accna
319-F 6% Si-3.5% Cu 27.000 18.000 2 Arcna
34.000 19,000 « 2.5 MNlakde permancate
356-T6 7% $i-0.3% Mg 33.000 24000 3.3 Arena
33,000 27.000 5 Muolde pennancnie
380-F 8.5% Si-3.5% Cu 46,000 23.000 3.5 Molde permancate
390-F 17% Si-4.5% Cu-0.6% Mg 41,000 35,000 i Coquilla
443-F 5.2% Si 19.000 8.000 8 Arena
23.000 9.000 10 Molde permanente
33.000 16.000 9 Coquilla
713-T5 75% Zn-0.7% Cu-0.35% Mg 30,000 22,000 4 Ascna

atnas mndificacs de Acal Haaddosd. \'ul. 1. 9a. al., Amcrican Sucicty e Merals, 1979,




TABLA 10-10 Propledades de algunas oleaciones de tllanio

, Resistencia Esfuerzo de !
. ¢ la lensinn Jluencia Elongaciin -
Afaterial (psi) (2s5) (%)
Titanio comercialmente puro
99.5% Ti 35,000 25,000 24
99.0% Ti 80,000 70,000 15
Alcaciones Ti alfa -
5% Al-2.5% Sn 125,000 115,000 15

Aleaciones T beta - et
176,000 5

13% V-11% Cr-3% Al 187,000
Aleaciones Ti casi alfa
8% A1 Mo-1% V 140,000 120,000 14
6% Al-4% Zr-2% Sn-2% Mo 146,000 144,000 3
Alcacioncs Ti alfa-beta
8% Mn 140,000 125,000 15
6% Al-4% V 150,000 140,000 8.

-

Datas de Wetals Handbowi. Vol 3. Da. ed., Ainerican Sodicty for Metals, 1980,

TASLA 10-11 Propiedades de metales refractarios

T = 1000°C

'[‘l'l'ﬂpl'.‘ﬂ!ﬂ'hl ﬂlﬂh reirie

Temperaturu Resivtencia Esfuerze dr Resistencia Esfucrzn de
de fuston Desvidad a la teasivn fuencia Flongacion a la tension ﬂum.rm
Meta ("C) (zion’) (i) (15 1%:) (55i) (i)

Y. 2470 3.58 13000 20,000 23 17.008 000

Mo 251¢ i PR LRSI 30660 b3 3G.000C 20,00¢

5 22808 D 50.000 RER Y Xz 27,000 21.000

W 2310 300.000 220.00u: 66,000 15.200

ParTE 1 — METALES (Tomades de medios numerosos)
[ ! . ; .
i Cornd‘uct}wdad I Expansitn i Resistividad Madulo de
. . ter?nca térmica ! eléctrica en elasticidad
Material Densidad calem plg/pig/*F ; chmecm promedio,
*C-cm®seg a2 20°Ct ; a20°C? Ib/plg: a 20°C
a 20+C* |
=== = = —! — = ; —

uminio  (99.9--) 2.7 0.53 125 X 107¢ | 29X 107¢ 10 X 106
aciones Al DT 0.4(=) 12X 10~ | 35X 10°%+) | 10 % 10¢
%¥n(70Cu-30Zn) i 8.5 : 0.3 11 X 10-8 1 6.2 X 10-¢ ’ 16 X 10%
once (95Cu-5Sn) i 88 I 0.2 10 X 108 9.6 X 10—¢ i 16X 108
(59.94-) 8.9 | 0.95 9 10-¢ 1.7 X 10-% | 16 X 10%
(99.9+) 7.87 0.18 6.53 X 10—6 9.7 X 108 | 20 108
(99 +) Coo1134 | 0.08 16 X 10— 20.65 X 10-% l 2 X 10°
mesio (994-) | 174 0.33 14X 107% | 43X 10-° 6.5 X 10°
I (70Ni-30Cu) 3.3 0.06 8 X 10-¢ 48.2 X 10-8 ; 26 X 108
1 (sterling) 104 1.0 10 X 10~ 1.8 X 10-5 |  11x 108

|
}
H
!

i
i
§
i
L]
1



. TABLA B.1. PROPIEDADES MECANICAS DE LOS METALES
NO FERROSQS *
. Médule '
RBeivenchs | putrcety |4y dastict- | Docpase | N0 & Pes,
Mesal b odistily ) rgifnl did @ - 3 pl dwma o/pler
por walEB | gy | opemnign, | porcentade &
Byt 10 b/plct Brinsil +
Oolre, 0.25 plg grocws:
Recocidns graso ¢ 0.03 mm| 10000 | 32 000 16 45 47 4.320
sm e RN s .| 45000 | 30000 16 12 105 0.320
Botzdo a3 aliote......... 25000 [ 75 000 30 43 110 0.319
Rledo dero ... _........ 120 000 | 140 OO 30 2 0.319
Clne:
T IR—— R—— 8 oco 1 1 0.2n0
Lioloa solads doa ........ 5 000 24 000 1z 3s s Q.26
Alczieio:
Yiciade e ez, 1100-F. .| 6Goo0 | 11 000 9 22 0.067
Linizs reociss, 1100-0 .| S000{ 13000 10 3 a2 0.097
Lislm dom. 1100-HI18.. .. 2t 000 | 24 00 10 s 44 0.097
Mazwesio: '
L £7- 7. S 600 | 13 aco 6 w 30 0.063
Ertraids ..., 100 | 25 000 & ) 35 0.053
Bulads .o.eeiiiiiionnn.s 3000 | 425000 G 4 40 0.063
TiZLA B.2. PROPIEDADES MECANICAS DE LAS ALEACIONES PESADAS NO FERRCSAS -
Resisten- ; Médulo | Porcien- 5
h Resis- i : Mame-
Composicién ciz a la tencia decf‘ljaﬁl to de ﬁfﬁ: rode | Peso,
Aleacicn aproximada, cedencia 3 elonga- Sureza| 1b/plgs
et por ten- 2la  |por ten-| elong a g /pig
: POFCERIRE=S sién, t tensién<isn, 10e] cién en | corte, ‘?_Efl‘
1- Ib/plgz i 1B/Pis® | 1b/pig? | 2plg Ib/plg? ; ™
- 4
! ibre:
*iktocl;g;a corte libre Cobre 61.5: cinc 15 (00 44 0 12 53 a0 oo | FoR 0.3
Y% duro 15% de reduccién %5“5 Tommo 3 43w b 86 vow 12 gt 33 oo | Be2 0.30
Medio duro, 25% de reduccién i P 52 w0 {68 on 14 14 380U | Bxo 0.30
E%n o:onlal:g contenidsa de piomo
04 plg de grueso): :
lecocide. grano de 0.050 mm } Cobre 65; cinc 33; { 15 000 47 000 12 55 a3 om | Feo 0.30
Enraduro plomo 2 62 0w A5 15 d 45 (o0 D37 0.30
on rojo (0.04 plg de grueso): " . . . .
bcocide, grano de 0.070 mm} obre 85: cine 15" { 10 000 39 000 12 38 31 0 | FBG 0.3t
de g':uelsolextra duro : e 61 (00 78 000 i3 4 44 oo | 1353 0.31
ce al aluminio: 3
Vaciado en arena } Cobre 89; alumh‘lio { '.!S nixl 73 00O G ¥ C 1 I T 0.30
Mu:lidt?e & 8;: hierm 3 37 Sun 82 () B EE T R 0.30
io; : -
b (solucién recocida) } Cobre 97.9; berilio { ; $E o5 370 o Is B Bonx | 0.32
BT. endurecido 1.9; riquel 0.2 30 000 ! 2o 00D T i S Ci2 0.22
ce 2l manganeso (A): c
obre 58.5; cinc 39; y i ’ 2 ;
lcoctdo, suave, duro 15% de hierrc 1.4; estafio [ ;8 gt:.: w ?3{: :; ?g ::’ &0.8 Ef’ﬁ 0.39
Mucc:é?é ; " s 1; manganeso Q.1 * — = A ¥ 0.30
2l fésforo, 5 :
dcocido, grano deo (0.035 mm : Cobra 95: estafio § { Mk 49 0 i3 N B33 .32
Exﬁdu:f' grano de 0.015 rm = o 42 K 04 (K} 13 L B34 .32
quel, 30% :
ido a 1400°F. Laminado ot 20 000 §5 oou 22 45 ] ..., Bar 0.32
Ien frio, 50% de reduccién }i Cobre 70: niquel 30 ({ 33 Q00 | & G 35 ' R BS1 0.32




TABLA £0-14 Composiciones y propiedades de 6léur’\'os aceros Inoxidables

| . R,:risul;rl'a Ezfuerzo de
i ) a la temsicn 7 Ely o'
Azero %C % Cr % Ni Otros (ps1) ﬂ;;:':)" F;Z;Wl

Austenftico

20] 0.15 16-18 35.5.% 55-75% Mn 95,000

: i S5-=1. ; 5.

804 . Q.08 18-20 8.0-10.5 I 75,000 :Oggg gg

804L 2 0.03 18-20 8-12 75,000 30,000 30

821 . 0.08 17-19 9-12 Ti(dx % Q) 85,000 35,000 55

347 0.n8 17-19 9-13 Nb (10 = % Q) 90,000 .35,000 50
Ferritico .

430 0.12 16-18 65,000

42 0.12 18-28 . 75.000 33:%3 .
Martensftico

416 0.13 12-14 0.60% Mo 180,000

43 0.20 15-17  1.25-2.30 200,000 };g:ggg >

440C 0.95~1.2 16-18 0.75% Mo 285,000 273,000 .
Endurecimicnto por

precipitacion

17-4 0.07 16=-13 8.3 0.153-0.45% Nb 190,000 170.0

174 3 . 2 . 7 90, 000

177 0.69 1618 6.5-5.8 0.75~1.259¢ Al 240,000 230,000 lg

Mudilicade 2 panic de Metals [landbeak, Vid, 3, Wa, el Aww-rsean Sew vy hor NMhtds, 10500

TABLA 10-45 Propiedodes reprasaniofivas de fundiciones tiplcas

Resistencia Esfuerzo de
: a la tension Sluencia
Clasificacion (psi) (psi) A
Clase 20, fundicidn gris 12.000-40,000 <| CE > 4.2%
Clase 40, fundicidn gris 98.000-34,000 - <]l - CE < 4.0%
35018, fundicién maleable 33.000 35,000 18  Ferrita
60001 . lundicién maleable 105,000 90.000 1 Martensita revenida
60-10-18, fundicion ductil 60,000 40.000 18 Ferrita
120-90-02 . fundicion daetil 120,000 90,000 2 Martensica revenida

Fundicién de grafito grado B 30.000 40,000 } Ferrita « perlita

compactada




TABLA A. 2. PROPIEDADES MECANICAS DEL HIERRO Y DEL ACERO® .
' N ’ [

w s s ¢ o I | e
' Resistencia al Médulo de
et tenclen.” | Reststencta | ™corte por alastict | Limits
Eips/plg? s la tersién, 100 ib/pl Porciente | Nimero Médulo da de
rertal s Kips/plct de elion.-n -da tenacidad | durscién.
v pro e gacis dureza flexidn
e ! Resls. comprasiéat, o - ] .30k ! ds | I5le/pigt igvertida
! ala Ued- kips/plg* : % !:' Ul | Tengién| Corte} i- Brinell Kps/p
} ceden. | ma t] ma . i
: elat l .
o b e ———— ey e s T - +-— ? T
; ] 20 as a7 15 l G 1 130 80 1
: ] armnssmne sasamsans ! :
ﬂ:ﬁ: BIatcn it S ki i =] 100 6o 20 8 : L
clén al mfquel, 1.5% de ni-} . :

el siserensanaaacanen SRR s 33 G0 - - 20 8 1 ; 200 i F

malesble e B %0 31 19 48 25 10 ; 14 1200 1 cuses : 26
2, reccelido. 0.025% " . :

o m‘gan%n‘?t.a.' ................ 2 4n 21 15 ! 10 ™ o | 15 70 e 25
foriade, 0.10% de carbone.. 30 ; 50 30 18 ! 33 27 | 10 ! 30 1o 11 coo ! 25
0.20% de carbomo: 1 : i | L )

Bolado on caliente -.....caceeean ios0 i 60 40 24 45 30 | 12 33 Y 1 16 500 2

Bolado e fri0 ... iiaiaa.a-s ' ¢ : 80 G 3 . 60 e , 12 ! 15 160 12 000 | 40

fundicfones recociday L......... i 35 1 w0 335 21 45 30 1 12t 25 130 .

#:n. 0.407% de carbcna: I E . H ! ) :

Relado en callente ............. I 32 23 3% 0 ;2 25 135 !

=samiento térmilco para g£Tan0 . i i :

HOQ ot s sisiieie me o H GO 40 no 3h 75 0 ;o 05 190 f

wdiclones recocldas ..........{ 33 65 35 21 a3 0. 1o g 15 5 130 I

, 0.60% de carbono: : !

lade en collente ............ 63 100 | 63 37 80 30 12 ! ] 200 12309 i 50
atamizn . i H

nolrﬂno . wtémko pa"a“ 78 120 73 47 100 30 12 15 2335 i3 000 . 33
0.80% de carbormo | ) l

tde en calleote ....... - 120 7 3| 105 50 e 10 240

agado en aceite, no laminado .. } 125 150 ! 125 75 130 3 17 2 i 300 '
LW% de carbone: ¢ % 2 | s

lado en calienie .. ............ M 5 35 ol 2 50 15 10 a2 3 oo Poen B!

pigade cn aceite. no laminade . » 1% 0% 4 143 34 i35 | C £ H t Ll B 2000 Py

v al npiguel, 2.3¢5 de riquei, - ; 3 i

1% de carpono. mixtma durera ; . H . . t i :

i maquinabilidad ........... i wAE Mt B 150 i 90 | ti0 b7 IR F 12 1 330 ] 40 73
ai :i.l.;'con:ung:nesa.v 1.35% ! . =’ i : . i ;

»iad'em;‘f:'a oz'e'fe"-?:esd' o a0 §oam i 120 I T3 | 113 30 12 ] 1 : 350 I 2106

T e s be i m e e e e e e e e e e Y M e = e

we: La mayeria de los aceros dependen tante del tratamiento térmico corze de su composicién para desarrollar propiedades mecinijcas par

fres.

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

!Ca::a de ruptura por flexién 2l centro, minima, kbras
Clasze Resistencia
No. iz 12 tension 0.875 plg de 1.2 plg de 2.0 plg de
ib/plg diam, clare diam. claro didm, claro

de 12 plg dc 18 plg de 24 plz
20 20 060 800 1 800 6 000
25 25 0G0 1025 2000 € BOO
, 30 30 GO0 1150 2200 7 600
a5 35 ¢c00 1273 2 400 8 300
40 40 000 1400 2 600 S 100
S0 5C 000 18675 3000 10 300
60 €0 000 1925 ) 3400 12 500

* Basado en ASTM A 48.
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Dimensions -
Standard Specimens Subsize Specmen
Plate-Type, 1'4-in. Wide Sheat-Type, Vz-in. Wide Va-in., Wide
in, in, in.
G—Gage length (Notes 1 and 2) 8.00 = 0.0t 2.000 = 0.005 1.000 = 0.003
W—width (Notes 3 and 4) 1% + Ya, Ve 0.500 = 0.010 0.250 = 0.005
T—Thickness (Note 5) thickness of matenal
f—Rachus of fillet, min {Note §) . 1 Ve ‘ Va
t—0ver-all length, min (Notes 2 and 7} 18 8 4
A—Length of reduced section, rmin 9 2V 14
B—Length of grip section, min (Note 8) 3 2 1Y
C—Width of grip section. approximate (Notes 4 and 9) 2 A Y

NotE 1—For the 134-in. wide specimen, punch marks for measunng elongation after fracture shal be mace on the flat or on the eage of the specimen and within
reduced section. Either 2 set of nine or more punch marks 1 in. apart, or one or more pairs of punch marks 8 in, asart may be used. '

Note 2—When elengation measurements of 1%:-in, wide specimens are not required, a minimum length of reduced section (4) of 2% in. may be used with all other
Gmensions soniar o those of the plate-type specimen.

NoTe 3—For the three sizes of specimens, the ends of the reduced section shall not differ in width by more than 0.004, 0.002 or 0.001 in.. respecavety. Also, there may
be 2 gradual decrease in width from the ends 10 the center, but the width at each end shall not be more than 0.015, 0.005. or 0.003 in., respestively, larger than the wxas
o the center, .

Note &—For each of the three sizes of soecmens, namower widths (W and C) may be used when necessary. In such cases the width of the reduced section shoud
be 25 farge 25 the width of the matenai being tested permits: however, unless stated sbecifically, the reguirements for elongation in 2 progus: specizauon shall not anoly
wNen Mess NaTower SOECUTeNS are used.

NoTE S--The cimension 7 is the thickness of tne test specimen 28 provices for in the applicable matenal soecfizatons. Minimum thickness of 12-n. wice specmens
snall be =1e . Maximum thickness of Ya-in. 2ng Ve-in. wide specimens snali be 24 in. and & in., respectively.

NoTE §—F0r the 1%dn. wiDe SDeqimen. 2 o-in. MINIMUM Facius 27 1Ne 2n0s of the reduced Section 1s permitied for stee! specimens uncer 102 000 ool in tense
S80I wnen ¢ orofiie cutier ;5 usea 10 machiMme the reductsn €8sl

NOTE T—Tc 212 1n obiaruns axia' IS22NT CuRNE ESUNS O ..-n. WIGS SD8amens, e Over-ali IBNgin SNouUIC De as large 25 The matenar wal sart. wo 1 E.00 in.

NOTE F—lt is aesiranie. ff pOgsID-=. 13 MmEKe e IBNSIN O NS 1D S2CUON large enouan 10 alow Ine SDeaTnen 10 extend into the anos 2 oIstance ecual IC ™We TNres o
=xe of tne length of the anpes. If tie tuckness of Y-k wige speamens is over ¥ in.. longer anps and comesponaingly longer cnp secuons o! the soecumen may o
fecessary 1o prevent failure in the anip secuon.

NoTE §—For the three sizes of specamens. the encs of the specimen shall be symmetrical in width with the center line of the reduced section witnus €10, 0.05 axc
0003 in., respectivety. However, for referee testing and when required by product specifications. the encs of the Y4-in. wide specimen shail be symmeinzal within 0.07

NoTE 10—Specimens with sides paraliel throughout their length are permitied, except for referee tesung, provided: (a) the above tolerances are used; (2) an ageguat
fumber of marks are prowided for deterrrination of elongation: and (¢) when yeld strength is determined. 2 suianie extensometer is used. if the fracture occurs at:
tstance of less than 2w from the edge of the gripping device. the tensile properties deiermined may not be representative of the matenial. In accepiance testing, # te
roperties meet the minimum requirements specified. no further testing is required, but if they are less than the runimum requirerments, discard the 125t and retest.

FIG. 1 Rectangular Tension Test Specimens

Wedge Grips

Upper Heod of
Tesring Mochmne

-L;r’:'ers -Thickness Varied
According 10 Specimen Thick~
ness 10 Keep Wedge Grigs
Flat Specimen— | from Protruding Above or
Beiow Heod of Testiag
Mochine

e

FIG. 2 Wedge Grips with Liners for Flat Specimens
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Dimensions
Standard Specmen Smmal-Size Specmens Proportonal to Standarg
in. in. in. in. in.

ol Diameter L L. L. G mE %W 0.500 0.250 0250 0.160 0.113
I~{age length 2.000 = 0.005 1.400 = 0.005 1.000 = 0.005 0.640 = 0.005 0.450 = 0.005
J—Oameter (Note 1) 0.500 = 0.01¢ 0.350 = 6.007 0.250 = 0.005 0.160 = 0.002 0.113 = 0.002
‘~Ragus of fitet. min I A g a3 Ty

‘eidngth of reduced section, min (Note 2) 2% 1% 1% Y 3

%ote 1—The reduced section may have a gradual taper from the encs loward the center, with the encds not Mmore than 1 % larger in diameter than the center (coniroling

inension). p

\sre 2—If desired. the length of the reduced section may Le increased to accommodate an extensometer of any convemen: gage length. Reference marks for the

~sasyrement of elongakon should, nevertheless, be spaced at the mxficatad gage length.

v 3—The gage lengih and filets may be 25 shown, but the ends may be of any form to fit the holders of the testing maghine in such a way that the toad shall be
xzises Fig. 8). i the ends are 10 be held in wedge anps it is desirable. if possible, 10 make the tength of the gnp section great encugh 10 allow the specimen to extend
=z ne gnps a distance equal to two thirds of more of the length of the gnps.

Nore 4—On the round specmens in Figs. 8 and 9. the gage lengths are equal to four times the nominal diameter, n Some product specifications other specimens may
x >anded for. but unless the 4-10-1 ratio is maintained wrthin dimensional (aferances, the eiongation values may not be comparable with those obtamed from the stanaard
% specimen,

sa1e S—The use of specimens smalier than 0.250-in. diameter shall be restncted 10 cases when the maienal 1o be tested is of insufficient size 1 odtam larper
=zcenens of when afl parties agres 1o their use for accentance testmg. Similar specimens require suitable ecumen: ang greater s«ilf i D210 masminng ang iest:
--z §—rCive S$iIZ2s of specimens oaen usal have diameters of approximateny 0.505. 0.237, 0232, 0.160. gn- C 712 1m., tne "23550 DN 10 Demmyt 235y CRITu:
~¢regs from IGACS. SINZE the coresoHnsing Sross-sectional areas are egual or aose 10 C.202. 0.103. 0.0500. 2.0227 2nz 2.07107 .4 respecuvenw, Toos w
-grg 2CT@€ WILT INESEe vajues. the SIr2SSeS D7 SIrenging) Mmay D2 CITIUIEC uSING NP SIMDE ML 2 an el BT G .

-..3871C £ TIBSE five QiRMerers O NIt FESUN T ITITESDONOINGY ConvEnes £5-52CuDRAl Bre2s ang ! e

T, Ewte o Bate we (2E0E

t  Swpngcars £.300-in. Rouncs Tension Test Spescimen win t-in. Jage Lengint ana Sxamoies of Smali-5ize Specimens Proscrionz:
e Sizncard Soecimen

!

. — L —
—3 —a—— 3 — ) +8af e 5 — = =g
ti~2- -
PRSI e s z ke e S e S i W
N ‘ s il 4

Note <
—f—f— I —fi—3— : g i e o Eom——f ——
T v SR B O S 17 s - WO A
e e — e —_— i N
— 6 Note 2 1 =g
P L -
B 4 B '
B Wy e B
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Dimensions
Specimen 1 Speamen 2 Specimen 3 Specimen 4 Specrmen 5
in, . . . n.
f-Z2ge length 2.000 = 0.005 2.000 = 0.005 2.000 = 0.005 2.000 = 0.005 2.000 = 0.005
[-Jameter (Note 1) 0.500 = 0.010 0.500 = 0.010 0.500 = 0.010 0.500 = 0.010 0.500 = 0.010
F-Sacws of filet, min ¥ %% VAs £ Wy
f~.#ncth of reduced section 2., min 2%a, min 4, approximatety 2%, min 2%, mun
~ett-2l length, approximate 5 S 5% 4V, Svy
f~Lengtn of end section (Note 3) 1%, approximately 1. approximately Ye, approximately %, approximately 3. min
[-Darreter of end section ¥ ¥ 235, 1 EYA
F-Lesgth of shoutder and fillet ¥ ¥, LA
| Section, approxinate
= > - %4
~Dameter of shouider % =

e 1”m,edm5ecﬁonmaynaveagradualuperfranmeatdswwardmecenterwimMu\dsno:moremO.OOShlargerndimtelermnmecent_a’.

W% 2--0On Specimens 1 and 2. any standard thread is permissibie that provides for proper alignment and aids in assuring that the specimen will break within the

5.8 section .
5itisdes.irabie.i‘!possiule.tomakemebngmofmegripsecﬁongreatm;gmoanowmspeanmloenmhwmegnpsadswequal

W 3—mOn Specimen )
%Mnusamdmemf""’“ws‘

FIG. 9 Various Types of Ends for Standard Round Tension Test Specimens
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Crmnensions
Soecmen 1 Speamen 2 Speamen 3 Spearmen 4 Speamen 5 Speamen & Specmen 7
in. . n. in in. i n, n.
-=2ige iengthn 2.000 = 0.005 2.000 = 0.005 8.00 = 0.1 2.000 = 0.005 £.000 = 0.005 2.000 = 0.002 £.000 = 0.005
L =sgn {Note 1) 0.500 = £.010 A+ Y =k 1%+ Y, % 0.750 = 0.031 0.750 = 0.031 1.000 = 0.062 1.000 = 0.062
~TEkness measured thuickness of specimen
{aRagus 0f fllet. mn 2 1 1 1 1 1 1
i—_egth of recuced 2% 2% 9 2% Sz Ya L4
seCron. min
~.angih of gNip Sec- 3 3 3 3 3 3 3
won, mun {Note 2)
-wiin of orip sec- "he 2 2 1 1 1% 1%
won. 2oproxenate -
Note 3}

“I'E v—The endas of the reduced section shall differ in wadth by not more than 0.002 n. tor specimen 1. ang <4, anc noi more than 0.0C35 . for speamens 2, 5. 5, 6.
-7 There may be 2 cradual taser m wiith from the engs 10 the center, but the wicdth at each endg snhall be n2t more than 0.005 in. greater tmar Ine witin at .ﬁe center
‘-1 gage lentth speamens, not more than 0.008 in. greater thar 1he width at e centes for 4-n. gage lengt speamens, and not more than 0.013 n. greater than the
= 2" &l ine center ior B-in. gage length specimens.

“:f 2t is gesrable. if pussible. 1 make the iength of the gns sesusan gréat enough to allow the speamen 10 exienc N ne grSs &
‘~ve of ihe lencth of the gnos.

J—TTe eNas Of Ne specimen Shall De syrametncal with hs Zanter ing of Ne reduced secton wathin C.03 . {37 §nectmane 1

distance ecua 10 twO thirgs

.4 agnc 3, anc §.10 & for snecimens

—=er crrcular secments, 1Ne cross- sef"ua"‘a. arez2 may D2 cEiTuEies Dy muilmiving W ano T. M e rzng 0F 2 mimansion WD e SIETEET S TTE WL

= =0T i

- ---c“r" a'e "".:.' el 'la' aelermmanosn cf eisn

of 1255 han 2W from me e3ge OV INe QNIMNT O2VICE. NS B8NS DrSAeTIes OSierTnNes :
©reluvivements soeciied, no funner esung = required, dut ¢ hey are iess mg0 N2 Miumum recurer

h

TNE ST W& meigngl vt

Z2rC INe 1881 ang retest.

l.nll.l

st P =

.]'
l

FIG. 13 Tension Test Specimens for Large-Diameter Tubuiar Products
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Dimensions
Specmen 1 Specimen 2 Spec.~en 2
in, n. in.
G—Length of parallel section Shall be ecual to or grea:er man ciameter D
A D-—-Diameter 0500 =0010 0750 =0.015 1.25=0.02
. ; 5 . A —Rads of fillet. mun 1 1 2
MG, en in Rin A
14 Location of Transverse Tension Test Specimen i g A—Length of reduced seston. 1% 1% v
Cut from Tubular Products ity
L=—Crver-all length, min 3% [ [-£28
8—length of end section, 1 1 1¥a
approximate
C—Diameter of end secaon, E 1t/a 174
approxsymale

E—Length of shoulder. min Y Va e
F—Diarmeter of shoulder Ya = Vea Whe = tes 178 = Vs

NoTE—The reduced section and shouklers (dumensions A, D £, £, G, and )
shall be as shown, Dut the ends may be of aty form to fit the holders of the testng
rnachine in such a way that the cad can be axial. Commonly the encs are threaded
and have the dimensions 8 arx] C given above,

FIG. 15 Standard Tension Test Specimen for Cast lren



'-—3’/.....-.—21'1 f————— L-2T ——I
f‘{l‘__ 3% m i
{

T Tt | -! T
Bl 1
- I ! [
L}
= fetn. J‘Vw‘m = I v -
e z @ e |1 3
7 & [ E 2
X o o
; < B Yy < 8
« 1 ~ ¥
b ¥ o=
€ 5
{ I 2 f l 1 4
- - * ———— . { S ML) -—
L¥ain. i |
ALTERNATE DESIGN FOR 2END DAR SIDE VIEWw wEEL BLOCK COUPON
(a} Design for Doubie Keel Block Coupon
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Dimensmons '
in.
D—Diameter f.-,
R—~Radius of filet e
A—L ength of reduced section 2V
L=—Orver-all length 7%
8—Length of end section 2":&
C—Diameter of end section 3
E—Length of fillet e

FIG. 17 Standard Tension Test Specimen for Malleable Iron
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4 ; FIG. 22 Stress-Strain Diagram for Determination of Yield
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Fia. 21 Stress-Strain Diagram for Determination of Yield
Strength by the Offset Method
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BO |92.0{86.5/96.5(92.0(67.0[1865 — | ) | 4
79 191.5/85.5|96.3)91.5|86.5\1787| — s
78 |91.0/34.5/96.0{91.0(85.5{1710| — —
-77 |90.5(84.0{95.8]90.5|64.5[1633] — -
76 |50.0/83.0|95.5{90.0|83.5|1556| — i
75 189.5182.5{95.3/89.0/82.5|1478| — —
74 189.0]81.5|95.0{88.5|81.5{1400] — P
73 {88.5|81.0/94.8|88.0]80.5{1323] — | ~ ce] —
72 |88.0(80.0(94.5|87.0|79.5{1245] — | w w | —
71 |87.0|79.5194.3|86.5178.5{1160] -— | O 61—
70 | 86.5/78.5(94.0]86.0|77.5{1076} 972 = Z |9s3
69 186.0{76.0{93.5185.0176.5/1004} 946 | , 945
68 |85.6|76.9/93.2|84.4{75.4]) 940/ 920 | 945
67 |85.0{76.1|92.9{83.6{742} 900| 895 942
66 |B4.5|75.4|192.5(82.8{73.3| 865| 870 | NA 938
65 183.9|74.5/92.2]81.8|72.0| 832! 846 739 934
64 |83.4{73.8/91.8]{81.1]71.0| acol 822 722 930
63 |82.8173.0191.41801/£9.91 7721 799} 706 926
62 {82.3[72.2|91.1]79.3168.8] 746| 776 | 685 [ 1922
61 |81.8171.5!90.7)78.2{67.7} 720| 754 | 670 917
60 (81.2{70.7190.2|775/€6.6] 697} 732! 654 NA | 913
58 |B0.7(69.9(89.876.6165.5] 674] 710 634 351 | 909
58 180.1}69.2|89.3{75.7!64.3| 653i 620 | 615 3331604
57 179.6/68.5:88.9/74.8/632{ 633! 670 595 3251900
56 179.0167.7(88.373.9|62.0] 613 650 577 313! 896
35 178.5/65.9187.9173.0160.9] £95i 63€ | 560 1 301 | 891
5+ 178.0/66.1187.4/72.0{59.8] 577| 612| 543 : 392 887
=3 [77.4|65.4186.9(71.2153.6] 60! 594 | 525 ; 2831883
$2 i75.8|64.6|86.4{70.2|127.4| 544i 576512 1 2731 879
51 176.3163.8/85.9{69.4{5.1; 528| 558 496 1 2641 872
53 (75.9(63.1165.568.5/£5.0! 5131 542 461 [ 2551870
49 {75.2:62.1|85.0|567.6]£3.8| 498 526 459 1 225 [ 865
48 [74.7161.4/84.5(66.7{52.5! 434! 510| 455 233 861
47 (74.1]60.3]83.9|65.8|51.4| a71] 495 | 443 229} 856
4§ |73.6{60.0183.5[64.8150.3| 458] 480 | 432 221| 851
45 173.1/559.2:83.0164.0149.0! 246} 466 | 421 215i 847
44 |72.51535182.5163.1|47.8| =34] 4521 405 2081 842
43 172.0157.7182.0162.2/46.7| 423} 438 | 400 | 2011 837
42 |71.5/158.9{81.5/61.3145.5| 412| 426 390 | 134 832
41 170.9]56.2|80.9]60.4|44.3| 802} 414 | 381 | 1881 827
40 |70.4|55.4180.4159.5/43.1( 332! 402( 371 i 1821 822
39 169.9/54.6!79.9]58.5i21.9! 2a2! 331 352 1771837
38 |69.4/53.8(79.4157.7|40.8| 572 380|353 1711612
7 |68.9/531(78.8]56.6139.6| 363l 370 | 344 1661 807
36 168.4152.3178.3]55.9{38.4| 354! 360 | 336 161 802
35 {67.9151.5|77.7]55.0|«7.2] 345 351 327 1561 798
34 167.4|50.8|77.2|54.2:26.1} 336/ 342 | 319 152{ 793
33 {66.8(50.0(76.6]53.3) 24,9} 327} 334 311 1491 738
32 |66.3/49.2/76.1|52.1|33.7| 318i 326 301 1461783
31 (65.8{48.4/75.6|51.3|32.5| 310; 318 294! NA | 1411 778
30 {65.3]147.7]75.0/50.2i31.3| 302! 311 286 [s2.0] 1381 773
29 |64.6]47.0|74.5|49.6{30.1| 294] 304 | 279 | 91.0] 135 ] 758
28 |64.3|46.1|73.9(48.6/28.9( 286| 297.| 271]90.0 131] 782
27 |63.8|452173.3]47.7127.8| 2791 290 264 |89.0] 128|757
26 [63.3|44.6|72.8(46.8(26.7| 272] 284 | 258 | 88.0] 125} 751
25 |62.8(43.8{72.2|459(25.5| 266{ 278 | 253 |87 0| 123} 746
24 |62.4{43.1{71.5|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
22 161.5|41.6|70.5143.2)22.0{ 248 261 237 [83.5{ 115{ 730
21 |61.0{40.9/69.9{423120.7] 243} 256 | 231 |82.5| 112|725
20 160.5|40.1169.4|41.5]19.6| 2381 251] 226 (81.0] 110{ 720

Although conversion tables dealing with hardness ¢can only

be approximate, it is of considerable value {0 be able to
compare ditferernt hardness scales. This tabie is based on the
assumption that the metal 1ested is homogeneous to a depth ¥
several times as great as the depth of the indentation.

The indentation hardness values measured on the various
scales depend on the work nardening behavior of the
maierial during the test, and this in turn depends on lhe
degree ol previous cold working of the material. The B-scale
relationships in the table are based largely on anneaied
metais for the low values and cold worked metals for the
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