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DPTO. DE MECANICA DE LOS MATERIALES

1.- Clasificacion de los Materiales

1.- Ferrosos:
Aceros : Ordinarios
Aleados
Fundiciones: Grises: Nodular
Ferritico
Perlitico
Blancas: H. Martensiticos

2.- No-Ferrosos:

3.- Organicos:

4.- Inorganicos:

Especiales Aleaciones

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

Madera
Polimeros
Elastomeros

Fibras Compuestas
Ceramicos

Vidrios

Minerales
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F.LMLE. - ULAN.L. DPTO. DE MECANICA DE LOS MATERIALES

2.- Estructura de los Materiales

METALES

PARA METALLES: su estructura esta compuesta por agrupamiento de atomos.
Estados de la Materia en la Obtencion de un Metal

* (Gaseosos

* Liquidos

* Solidos

Tipos de Enlaces

* Idnico

* Metalico

* (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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LOS SIETE SISTEMAS CRISTALINOS

1.-Monoclinico
a) Simple
b) De extremos centrados

2.- Triclinico
a) Simple

3.- Hexagonal
a) Con extremos centrados

4.- Romboédrico
a) Simple

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

6.- Tetragonal
a) Simple
b) Cuerpo centrado

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

DPTQ. DE MECANICA DE LOS MATERIALES
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Los sistemas de cristalizacion mas comunes son:

= Cubico*

= Hexagonal*
— Tetragonal
= Ortorrombico
= Romboédrico

Defectos o imperfecciones del cristal:

= Vacancias
= Intersticios
= Dislocaciones (Borde y Helicoidales)

Polimorfismo o Alotropia: es cuando el material se presenta en varas foras

* En metales
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REDES ESPACIALES O TIPOS DE ESTRUCTURAS CRISTALINAS

DPTO. DE MECANICA DE LOS MATERIALES
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F.LM.E. - UAN.L. DPTO. DE MECANICA DE LOS MATERIALES

ESTRUCTURA DE LOS POLIMEROS

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

Ejemplo:
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F.LM.E. - lLAN.L. DPTO. DE MECANICA DE LOS MATERIALES

POLIMEROS
CARACTERISTICAS GENERALES DE LOS POLIMEROS:

Ligeros

Resistentes a la Corrosion
Aislantes Eléctricos

Baja Resistencia a la Tensién

No usados en Temperaturas Altas
Muy usual

LA BN R S Y

CLASIFICACION DE LOS POLIMEROS:

egiin su Mecanismo de Polimerizacién:
Polimeros por adicién: son cadenas formadas por el enlace covalente de las moléculas.

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

Segiin su Estructura;

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

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

condensacion.

in_su mportamiento:

Polimeros termoplisticos: son polimeros de estructura lineal, que se comportan de manera
plastica a elevadas temperaturas y pueden ser conformados a temperaturas

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

Segiin su Grado de Polimerizacion:

* Homopolimeros (un sélo material)
+ Copolimeros (dos 0 mas tipos)

* Oligopolimeros (pocos monomeros)
* Polimeros

Segin su Natuialeza:

* 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

Elastémero (caucho o hules): es una cadena polimérica que se encuentra enrrollada

debido al arreglo cis de los enlaces, por lo que al aplicarse una fuerza se alarga al

desenrrollarse las cadenas lineales, deslizandose unas sobre otras y provocando una
combinacion de deformacién plastica y elastica. Tienen un comportamiento intermedio y la

capacidad de deformarse elasticamente en aito grado sin cambiar de forma.
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FLM.E. - LANL. DPTO. DE MECANICA DE LOS MATERIALES

3.- Propiedades y Caracteristicas Mecanicas en los Materiales

—

OBJETIVO DE LA PRACTICA: es el de conocer 1a manera de obtener las caracteristicas
y propiedades mecanicas bdsicas.

TEORIA: basandonos en un ensaye estdtico de tension y su grafica de comportamiento
esfuerzo vs deformacion unitaria, obtendremos la siguientes caracteristicas y propiedades

mecanicas basizas en los materiales.

Resistencia Mecanica

Ductilidad

Rigidez

Resilencia

Tenacidad

Estandares de Probetas

Velocidad del Ensayo

Textura de Grano y Tipos de Fallas

#* % % * x o % *

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

Esta se mide a traves de:

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

2.- Limite Elastico (5, p): es el mayor esfuerzo que un material es capaz de desarrollar sin
que ocurra la deformacion permanente al retirar el esfuerzo, la determinacion de este limite

elastico no es practico y rara vez se realiza.

11



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

3.- Resistencia a la Cedencia (oy;): es el esfuerzo al cual ocurre un aumento de
deformacién para cero incremento de esfuerzo.

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

algunos materiales.

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

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

inicial de la probeta.

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

esta.

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

12
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OBTENCION DEL PUNTO DE CEDENCIA:

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

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

@) T opInDicieTE
DELA GE=2rICA

LINEA
PARALELA

A LA PENCITINTE
DE LA GRAFICA

©
N
~O
3©
0y

Figura 3.2
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FAMLE. - GANL. DPTO. DE MECANICA DE LOS MATERIALES

7Z.ONAS EN LA GRAFICA:

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

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

Se emplea para darle forma al material por ejemplo los procesos de mecanizado (torneado,
troguelado, doblado, extruido, etc.), laminados {(en caliente y en frio). Esta zona se divide:
cn zona de cedencia y zona de endurecimiento por deformacion.

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

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

ESFUERZO

Lo]) MAXIMO

LIMITE
PROIORCIONAL ESFTULRZO DE

RUPTURA

APARENIE
L ZONA— o :'j_o,\';\ )
L PLASTICA e FHIPEITPCASTICA
JONA koo oo I e
it I
FEXSTICR: « = o smvmimme s & 4 o :
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.

Estas propiedades son medidas:

* Parael Ensayo de Tension a traves de:

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

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

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

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

* Parael Ensayo de Compresién a traves de:

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

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

- % de Reducciéon de Longitud: se obtiene midiendo la longitud inicial y final de la
probeta y sustituyendo en la ecuacién;:

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

Se recomienda que los materiales que tengan un % de elongacion, % de reduccion de
drea, %o de aumente de drea, % de reduccion de longitud, mayor de 5 %, para que se
consideren dactiles.

15
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. ol
O o

Figura 3.4

RIGIDEZ:
Es el esfuerzo requerido para producir una deformacién 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 deformacion, este modulo
se puede obtener considerando dos puntos sobre la pendiente y realizando un triangulo
como se muestra en la figura 3.5

E=Tg08=Ac/Ae =(03-0;)/(g5-&;)

|

Figura 3.5

16
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—_—
[ Material | | Modulo Elistico (E) :
T T : 3 g————'I———‘l
¢ xi0e/em A6X/TN) |
;: I'!!———H—-——H—-T: ]
AccroOrdimario | 21 2w

i:: :. h ]

Valores promedio de modulo de elasticidad de algunos materiales
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 Ia resistencia a la energia elastica.

La resilencia elastica unitaria (R.E.U.) o0 modulo de resilencia: es la energia almacenada
por unidad de volumen en limite elastico o proporcional; y representa el drea (Al) bajo la

pendiente de la grafica ¢ vs e mostrada en la figura 3.6.
REU = Al =0, ,*/2¢;p (kg - cm /ocm?)

Volumen Inicial (Vo) = Ao x Lo (¢cm?)

Resilencia Elastica Total (RET) = REU x Vo.

L.P.: Limite proporcional.

GG, e . 17
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O
’ REU = A1 =1 EwrX O p = Kg- ¢
l] ‘ 2 C!113
' ]
G P
'!
/o
oA ]
; s
£ e b
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 area en areas regulares y sumarlas, o con el planimetro, que es un
instrumento para determinar el drea de una grafica. Al seguir el contorno de la misma.

El valor asi obtenido sera la tenacidad unitaria.
Tenacidad Unitaria (TU) = Area total
TU = (Cppax +0vp) Emax/ 2 (K€ - cm / cm?)
Volumen Inicial (Vo) = Ao x Lo (cfn’)
Tenacidad Total (TT)=TU x Vo (kg-cm)

YP (Yield Point): Punto de cedencia.
- - 18
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AREA TOTAL = TENACIDAD UNITARIA

J v

Emax €
TENACIDAD UNITARIA

Figura 3.6a
ESTANDAR DE PROBETAS PARA TENSION:

Las probetas para ensatos de tensién se realizan de diferentes formas la secciéon
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 seccidn menor que los extremos para provocar que
la falla ocurra en una seccion donde los esfuerzos no resulten afectados por los aditamentos
de sujecion (ver figura 3.7).

El tramo de calibracién es el marcado segin estandar, sobre el cual se miden las
lecturas de longitud final y didmetro final los extremos de las probetas redondas, y
rectangulares, pueden ser simples, cabeceados o roscados, los extremos simples deben ser

largos para adaptarse algin tipo de mordaza cuneiforme o plana (ver figura 3.8).
: 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 aplicacién de la carga (ver figura 3.8), la longitud
de l1a seccién reducida depende de 1a clase de material y de las mediciones que se tomen.

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

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

VELOCIDAD EN ENSAYOS DE TENSION

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

TEXTURA DE GRANO Y TIPOS DE FRACTURA:

Las fracturas se pueden clasificar en cuanto a forma, textura y color de tipos de
fracturas mas comiunes 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 seccion transversal de la pieza (ver figura
3.11).

(a) (b) (<) (d?

Cortadur s, Camo, ot Pargigd- “Ferstuca
::n.u-:laJ ler 3 dedose seola e fibroe ter 7 tedsie
com, ol- esleella™ * (oretea plana)

Frscturas tipicas por tensién de los metales

Figura 3.11
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F.LM.E. - UAN.L. DPTO. DE MECANICA DE LOS MATERIALES

4.- Maquinas para Pruebas Mecéanicas,
Accesorios e Instrumentos
de Medicidén

MAQUINAS DE PRUEBAS MECANICAS

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

Maquina Universal de Pruebas

Maquina de Dureza Rockwell

Magquina de Dureza Brinell

Maquina de Ductilidad en la Mina Metélica
Maiquina de Torsién

Maquina de Fatiga

* % % ¥ # ¥

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

Cuando se requiere probar algiin producto, por lo cotn 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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F.LM.E. - ELANNLL. DPTO. DE MECANICA DE LOS MATERIALES

INSTRUMENTOS DE MEDICION

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

* Calibrador para lecturas de dimensiones lineales de tipo:

1. Vemnier
2. De Caratula
3. Digitales

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

s+ Extensometre para la medicidén 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 picza a probar
para determinar la deformacién punto por punto y en cualquier direccidén 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 matenal a probar.

* Planimetreo: para la obtencion de las areas de la grafica de esfuerzo contra deformacion
para determinar la resilencia, tenacidad unitarios y pueden ser del tipo:
1. Mecanico
2. De Caratula
3. Digital

NOTA:

Todos estos mstrumentos de medicion deben estar en buen estado, calibrados v
certificados para su uso al igual que si tienen caducidad verificar su reposicién ya que
influyen en los resultados de las caracteristicas dimensionales de la pieza o especimen, al
igual que en las propiedades y caracteristicas mecanicas del material o producto.
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Dimensions, mm
Stangard Specimens Subsize Speamen
Norninal Wiath Plate-Type Sheet-Type & e
40 mm 12.5 mm
5~Gage length (Notes 1 and 2) 200.0=0.2 200 =01 25.0= 0.1
W—Wdth (Notes 3 and 4) 400=20 125 = 0.2 6.0 =0.1
7= Thickness (Note 5) ckness of matenal
2= Radius of fiet, min {Note 6§) 25 12.5 6
.~ Overall length, min (Notes 2 and 7 | 450 200 100
~— Length of reduced section, mun 225 57 32
3= Length of grip section. min {Note 8) 75 50 30
2= Wiath of gnp section, approxinate (Notes 4 and 9) &0 20 10

NoTe 1—For the 40-mm wide spetumen. punch marks 10r measunng elongabon atter fracture shall be rizae on the fiat or on the egge of the specimen and withie 3=
-ecuced section. Erther a set of rune Or more dunch marks 25 mm agart. or one or mofe pars of punca maxs 200 mm apant, may e usecd.

Nove 2—When elongation measurements of 40-mm wide specimens are not requires. a4 MUNIMUM iencts of reCuces sechon (A) of 75 mm may be
2mMensions similar to the plate-type specimen.

NoTe 3—For the three sizes of speamens. the ends of the reduced section shail not differ 1 wiath by more than 0.10, 0.05 or 0.02 mm, respectively, AlSG. there mas
28 a gradual decrease in width from the enas 1o the center, but the width 21 each end shall not be mare than 1 % larger than e wiZih at the center,

NoTE 4—For each of the three sizes of specmens, narower widths (W and C) may be used when necessary. In such cases the wigin of The reduced secuon shoul:
o2 25 large as the wadth of the matenal being tesied permis; however, unless stated specifically, the requirements for elongaton in 2 procuct soedificaton shall not 2ooh
when (Nase Narmower Specimens are usad.

Notz 5—The dimension T is the thickness of the 1est specmen as provided for in the applicable maiena! soeaficatons. Mirimurn tuckness of
s7ah 52§ mm, Maximum thickness of 12.5+mm and §-mm wide specymens snali be 19 mm and § mm, resoecavely,

N2TE S=—For the 40-mm wige specimen, a 13-mm mirumum radius at the ends of the recuced section 1s permures fof sig! sd>aomens under 8§33 MPzm tersos srmarotr
wnen 2 profile cutter s uSed (o machne the reguced secton,

%372 7—To ad in ootanng axial kagng Qunng esnng of 5-mm wide sDeamens. e averal I|ngT Snowt

NI7E §—Ut is cesrabie. f possioie, 1 make the lencin of tne CND SecHon l2rs andun 1o Biow tNg s2es
=o€ 0F the 1eN0th O the gnps. I the thickness o7 12 3-mMm wi@2 SDSTUMSNs T Ve L M~ ISNga” €08 &02 S5m8Ioins~o o,
eresgary 10 Dreven: fanure in e anp sect:on.

NZTE GFoOr the three sizes Of SDECHNens. The enSs O 1S SDeIIMEen STE! 2% SVIMettss
m. respecnvely. However, tor referee 18SUNS 2N wnen requres Dy Drocus: seTiisZuons e encs ¢t

NaTE 10—Specmens with sides paralel tnrouchou: their length are permiTIeC. excen: io- rereree (esu 'v:a-.-xaaw 1e, wie a:pove 'OIEfa'lces a.re useﬂ (al an aoe".;a\t
nemder of marks are provided for determinanon of eloncauan. anc (¢} when ywls svensth s ceterminec. & sunzdle exiensomerer 15 vsed. If the Taclure oCTurs 21
t§ants of less than 2W from the edoe of the grpoing cevice. the tensie properues de!ermmed may not bﬁ represeniative of the matenal. In accepiance 1BSUNZ 1 ne
rcdetes meet the Minimum requirements specified, no further 1estng (s required. but if they are 12ss than N8 MINIMUM FECIIrEMEents. diSSArS the test ang retest.

FIG. 1 Rectangular Tension Test Specimens

e uses with ali otne

&0-mm wige gDasumens

Wedge Grips

8. Report

Ugper Heoco of )
Testing Mochine ¥ ; w s i
8.1 Test informauon oa matzrials not covered v 2
product specification should be reported in accordance Wi
8.2 or both 8.2 a2ad 8.5.
8.2 Test information 10 be reporied shall include the

following when applicable:

/ .
I~ Liners - Thickness Varied
Atcorcing 1o Specimen Thuck-

. ety loikee s Wegjegrizs 8.2.1 Material and sample identification.
gt Specimeni— trom Protryding Above or 872 % ol S {S - 6)
Below Head 0! Tesling L2 dpecimen iyp gcuoen 3
| | Mocnine 8.2.3 Yield sirsngth and the method used to determine

vield strength (see 7.3).

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

8.2.5 Tensile strength (ses 7.6).

8.2.6 .Elongauon (repornt both the onginal
the percentage i1ncrease) (see 7.7).

FIG. 2 Wedge Grips with Liners for Fiat Specimens

1.10.3 The specimen’s properties were changed because of
poor machining practuce,

. gage length and
7.10.4 The test procedure was incorrect, -

7.10.5 The fracture was outside the gage length,

7.10.6 For elongation determinations, the fracture was
usside the middle half of the gage length, or

7.108.7 There was a malfunction of the testing equipment.

NoTE 26—The 1ension specimen is inappropriale for assessing some
“pes of imperfections in 2 material Other methods and specimens
Mploving ultrasonics, dve penetrants. radiography, etc.. may be consid-
ed when flaws such as cracks. flakes, porosity, eic., are revealed during
Y1est and soundness is 2 condition of acceptance.

8.2.7 Reduction of area (see 7.8).

8.3 Test information to be awvailable on request shall
inciude:

8.3.1 Specimen test section dimension(s).

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

8.3.3 Speed and method used to determine speed of
1esting (see 7.3).

8.3.4 Method used for rounding of test results (see 7.9).
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Dimensions, mm
Stangard Specimen Smal-Size Specmens Proportional To Standard
12.5 g 6 4 25
G—Gage length 62.5 = 0.1 450 = 01 30.0 = Q1 200 =01 125 =201
D— Diameter (Note 1) 125=Q2 €0 =01 60 =01 40 =01 25 =01
A— Raows of filler. mun 10 8 6 4 2
A-— Langth of reduced secuon, min (Note 2) 75 54 36 24 20

Note 1—The reduced section may have 2 gradual taper from the ends toward the center_ with the ends not more than 1 % larger in diameter than the center (Conpolng

gimension).
NoTe 2—If desired. the iength of the reduced section may be Increased 1o accommedate an extensometer of any convenient gage length. Reference marks for te

measurement of elongation should. nevenneiess. be spaced al the indicaled gage length.

NoTe 3—The gage length and fillets shall be as shown, but the ends may be of any form to it the holders of the testing maghine m such a way that the loagd may be
axal (see Fig. 9). i the ends are 10 De heid n wedge gnps il 1s desvable, if possidle, 1o Make the length of the anp section great enough o aliow the specmen 10 extend
nlo the gnps 2 distance equal 1o two thirds or more of the iength of the gnps.

OTE 4—0n the roung spezimens n 7105, 8 and 9, tne gage lengins are equal to five trmes the nominal diameter. In some procuct spedfications other soeamens Mmay
be providea for. but the 3-to-1 rauc 1s maniamed within dimensional 1olerances, the elongation vaiues may not be comparadle with thase obiaineg from the standarg test
specimen.

Note 5—The use of specimens smaller than § mm in diameter snall be restricled to cases when the matenal to be tested 1s of msufficient s:ze to obtamn largsr
soecmens of when all parties agree te ther use for azseniance tesung. Smaller specmens require suitadle equipment anc greater skih in DOth maciuning ang 1estng,

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

Specimen 1 Specrmen 2 Specimen 3 Specimen 4 Specimen 5
G—~Gage lengtn B2.5 =01 62.5 = 01 62.5 =01 E2.5 =01 823 =04
O—Diameter (Note 1) 125=02 125=02 12.5 = 0.2 125 =02 125 =02
R-—Radws of filler. mm 10 10 2 10 19 )
A=—Length of reduced secnon 75, min 75, mun 100, approximatety 75, mm 75, mm
L— Qverall length. approximate 145 155 140 140 285
8—Length of end section {(Nowe 3) 35, approxenately 25. approximately 20. asoroxmartely 15. approximasely 75. min
C—Diameter of end secton 20 20 20 22 20
£—Length of shoulder and fille: v 15 ‘s 20 15

SeCHon, approximate ’

F— Diameter of shoulder 15 15 15

Note {—The reduced seclion may have 2 gradual taper from the ends toward the center with the ends not more than 1 % larger n diameter than he center,
NaoTte 2—On Specimens 1 and 2, any standard thread is permussible that provides for proper aignment anc ads in assunng that the specmen will break with=n o

reduced Secuon.
NotE 3—On Specirnen 5 it is desirable. H possible. 1o make the length of the grip section great enough 10 allow the specimen 10 extend iNto the gnos 3 crstance equs

1p two thirds or more of the length of the gnps. =
FiG. 9 Various Types of Ends for Standard Round Tension Test Specimens



PRESSURE
APPLIED

SPECIMEN

Teslmg maching jows
should nor ertend /f
Deyond thus luut—

pG. 10 Squeezing Jig for Flattening Ends of Full-Size Tension?? NoTe—The diameie® &f the plug shall have 2 $hgnt taper from the hne kmitng

Test Specimens

the testing maching j2ws 10 the curved secuon.
FIG. 11 Metal Piugs for Testing Tubular Specimens, Proper
Location of Piugs in Specimen ang of Specimen in Heads of Testing
Machine

s o the biank for e soecimen shall De cut eqaiig! 1o eash

NITE—Tne eco

aTme

w

FIG. 12 Location from Which Longitudinal Tensicn Test
Specimens Are to Be Cut from Large-Diameter Tube
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Dimensions, mm
Speamen 1 Specimen 2 Soecimer 3
Nominal Wizin
12.5 40 40
(~Gage length 50.0=01 50.0 = 01 2000 =02
g (Note 1) 125 =02 40.0=20 400 =20
- Thickness measured thickness ¢f specmen
i-Radius of fillet, min 12.5 25 25
~Length of reduced section, min 60 60 230
i~Length ot grip secuion, min (Note 2) 75 75 75
~Wigm of grip section, approximate (Note 3) 20 50 50

Note 1~The ends of the reduced section shall not differ in width by more than 0.1 mm for specmmens 1, 2, ang 3. There may be 2 gracual taper m wicth from the encs

e center, but the width at each end shall be not more than 1 % greater than the width st the center.
Nore 2~-1t is oesirable, # possible, to make the length of the grip Section great enough to allow the specimen 1o extend iN1o the gns a distance equal to two thirds or

fre of the length of the grips.
¥otE 3——The ends of the specimen shall be symmetrical with the center &ne of the reduced section within 1.0 mm for specimen 1 and 2.5 mm for specmens 2 and 3.
MoTe 4-~Specimens with sides parafie! throughout their length are permitied, except for referee testing and where prohidited by product specification, provided: {3) the
dve tolerances are used; (b) an adequate number of marks are provicded for Jetermination of elongation: and (¢) when yield strength is determined. a sutable
“ensometer is used. If the fracture ocours at a distance of less than 2W from the edge of the grippmg device, the tensie properties determned may Not be representative
‘e matenial. if the properties meet the miremum requirements specified, no further lesting is required. but if they are less than the menimurn regurements. discard the

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

b—o —ei— & —ei— 8 —
]
 — =
I S 7 BN
! I N
—_ ‘-GJ - gz
;
i)
R

NOmUnR Dizmare” — —

G—Lenzh of Sarane. Snal De ensz 1D T CUE2ISr TNEN Ciameser O

D—Diameter ES=02 220=C4 00=C3
A=—Raows of filet. mn 25 25 50
A—Lengh of reduced sechon, awn 3z 38 60

L= Owerall lengtn. min e5 109 160
8—lLength of eng section. approxmmate 25 25 45
C—Diameiter of enc secuon, 2pproximaie 20 30 48
£—Length of shoulder, mn 6 6 8

F-— Diamneter of shoulder 16.0 =04 240=20C4 Jes5=04

NoTe—The reduced section anc shoulders (dmensions A. D_E. F, G, and R) shall be as shown. but the encs may be of any form 1c fi the nolcers of the tesung machine
nsuch a way that the loacd shatl be axal, Commonly the ends are threaded and have the axmensions 2 ang £ given a2bove.

FIG. 15 Standard Tension Test Specimen for Cast iron
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ALTERNATZ DESIGH_FOR _EIND BAR SIDE VIEW KEEL BLOGK .COUPON

{a) Design for Double Kee! Biock Coupon

212 mm+ 27
T pra———————_ (125 mw MIN)
1 - BALDING IF
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1
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2. Desizn for Multipte Keei Siock Coupon (4 Legs) {c) Design tor “Anracnec™ Coupon

FiG. 16 Test Coupons for Castings (see Table 1 for Detaiis of Design)
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Dimensions. mm
O—Diameter 1€ 4
A—Radius of fdlet e
A—Length ot reduced section &4
L—COveratl length 120
B-~Length of end section &4
C—Diameter of end section 20
E—Length of filet 5

FiG. i7 Standard Tensicn Test Specimen for Malleable {ron
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a drﬂnss vs M;mmum Th.'ckness Chart SSICyhndr:caI Correction Chart 53

Rockwall | Rockwell
1y greater Superficial , Regular
:f;:::: :ar‘:be Hardness Scaies 1 Hardness Scalas
b 15N | 3oN | asNn | A | o | ¢
ticated scaie | 15 l 30 I 45 | 60 i 100 [ 150
; i kg! ! kgf kgt ' kgf kgt | kgf
Thickness i N Brale : Brale
Jnches (mmj : indenter ; indenter
o8008 ¢ 92 o — e — o
0030200 | g0 - — - — —
010 (0.25) ' 88 -_ = — == =
012 (0.30) | 83 82 7! —_— — —_
014 {0.35) l 76 78.5 T4 —_— P -
016(0.41) | 68 74 72 86 - _
018 (0.46} ! X 66 68 84 —_ —
D20 (0.531) 1 X E7 63 32 77 —_
022 {0.56) i X 47 58 79 75 69
024061 X X 51 . 76 72 67
026 (0.66) ; X X K AN U & 68 85
, 0280.71) | X X 2 67 63 62
0300.78 ;X X X . 60 5 57
93210810 | X X X X 51 52
034 {0.38) ; X X X ' X 43 45
0609 ¢ X X X . X X% 37
036 (0.96) X X *+ X% X X 28
040 (1.02) ; X X X X X 20
1 ; Rockwell Rocxwell
y greater I Supertficial Regular
c::ees:gnd Hardness Scates Hardness Scales
ely lses!ead"c:?nE 15T | 30T ! 457 F__ B 1 G
lncaied scale 15 ] 30 | 45 80 4 100 | 150
kgl ¢ xaf | kal kai ' kgl | kaf
Thickness | 116" Bail 116~ Bail
Jjnches (mm) Indenter Indenter
noEzs 91 e = = = =
0120300 | 36 ~ - - - -
014 (0.36) 81 0 - - — -
21810.43) s e 71 - - -
218 0.45) 58 54 82 = - -
S 0ED X Iz £2 —_ -_— -—
2210.35% X o= 32 —_ _— —_
ssiteny X i o2 £ s2 e
25 1C.66) X 4 S £< = N
=BT % > - =2 2 i)
930 ¢0.761 . 2 % % T 7e 3z
222 40.81) : b4 4 A 32 32 3
041088 . X X % X €2 0
03640.91) X X X X 4G 42
538 {0.26% X kS X X 28 31
040(.32) X X X X X 29

o Minmyum Hardness
gevalues are approximate only snd this Znart is intengeg primarily
j guige.
fanals thinners than shown in 1his cnari mav da 1ested on the
on* muicronardness tester, The thickress af the specimen shouyic be
pasi 1'% imes the ciagenal of the ingceniahion when using the
k25 (126°) diamong 2yramid  nadentar. ang at ieas! 2 hmes the iong
W3 anen using ihe ANooQp ncenter.

S Vaiges in C"\a" 25 are consisieniwiih ASTM T8 Tagies 4.3, 11 ang
!»°9! for Dang G Grszae vaiues wmgh gaosesr 0 '.-"enrruor* -:'arcﬂes*
ngovVingent £, Lysagni, I 1588 Wilgen .asirurment Duvision, ACCo

' Cylindrical work corrections to be added to observed
jRockwell Number for Scaies indicated

Sczles C, D, A
. 8rale Diamond indenter
Diameter of specimen — lnches {mm)

Observed! 1/8 | 4 | 8| 12| 5/8 | 214 | 78 ) 1 j1waiag2
Aeading ! {2.2) 1 6. ! (10) 1 (1) (a6) ] (191 22 ] (25 | (321 ¢ (38
9 + NA | 0.5] 0 0 29 i 0 0 Q 0 : 0
85 | o.sl 05]05i 0 o | 6| 0 0 0
80 . 031 0351 05! 05/ 05 Q 0 gl o
75 | 101 050505105508 0 ) 0
70 | 1.01 1.0 051 0.5 05 ! 05 ] 0.5 0 0
85 | 151 1.0 ' 1.0 0.5: 05 ! 051 051 O 0
60 ! 1571010 0s5i05f0s5ias] 3§ o
ss | | | 2oy 15| 1o] 10|05 )es|03los! o
s0 | ! 25| 201151 10!t 10lo05!1 05! 03505
45 ‘ 30{ 2015 1010 10} 05| 035, a5
0 | 351 251 200115110101 10} 05! 0.3
a5 ! 401 3.01{ 20! 1514511001101 05 0.5
ao | [ s.ol 3.5 25 1 20! 15 151 101! 10! Q.5
25 §51 40+ 301 25; 20! 15/ 10| 1.0} 1.2
20 v !solasi3stas: 20! 15! 15i 10110

Scales B, F, G

1/16" Ball indenter

Diameter of specimen — inches (mm])

Obsecved! 183 | 114 | 3B | 12 | 58 , 354 l 718 :1 14} 1-12
Reading : (3 21 i 6.4 0l ani el 19| 22 | (2§)_ (32) ¢ 128)
100 | 35| 251151 1.5} 10| 10| 0.5 | NA| NA
90 i l | 401 30| 20 151 15 15/ 1.0 , ! '
80 §01 351 254 20) 151151 151 :

70 | i 5.0] 40| 30| 251 20| 20| 1.5 il
60 ! ' 7.0 50 35] 30| 251{ 20| 20 | &+
50 | Bol 55! 30/ 35130 ) 250 20| |

40 [ 1900607 45 40| 301 25 25
30 : 00! 651 3.0 45, 33" 3.0 2.5
20 307 75 25 - 45 0 L0 3.5 0 .
2988 5L i3 23 33 zo
2cares 13-, ZIodL 23N
< Sraie D nc incenier
. —1E2[er 21 S0 N oe— CNas (Mmj;
. icoserved! U5 i L5 T R ) O T T S P
AReacing  (2.2). (6.4) . {(1Q) {33 - 75 (i {22 . (25 T (3D G
30 a9 9 a . 0 . 0, 3 ! 0 | NA.KNA
85 0.5. 0.5 0.5 2.3 5 09 0 1 Q ‘ i
30 10! 05° 0505 95 0 . 0 19 ! :
7S, 151 10405 050503 o | 0 i
70 f 2.0, 1.o| 1.0 051 05! 05| 05! 05 | .
65 °* 251 15| 101 05! 0.5 ! 051 05 i 0.5 i
60 , 3.0/ 150 1.0] 10| 1.9 I 051051035 ; :
55 1 354 201 1.5{ 1.0 ] 10105 05 05; | :
50 361 20§ 15! 10! 10!/ 10110 "' 0851 . I
45 1 40! 20) 15| 10 300 1.0 300 1.0 | g
40 , 45i 253 1.3, 15 ( 100 10 100 1.0 i ;
35 ¢ S50’ 25{ 291510 10| 1010/l ! i
20 55: 3.060 201 15: 15! 10| 1.0 { 1.0] & & |
28 55{ 30:20, 15! 15} 15;18! 490, | :
20 €0! 30! 20:15! 15 18115 15 ¢ v
Scales 15-T, 30-T, 45-T
11167 2all Indenter
Diameter of specimen — inches (mmj
Observedi 1/8 | 174 | 3/8 | 112 | &8 | 34 | 718 | 1 18, 1002
Reading - (3.1 E.N 00 M2 11 L (18 ) (22 (251 ] (321 1 (38
90 i 1.51 1.0] 1.0 05! 0.5 05| 0.5} 0.5 ] NA | NA
80 300 204 1.5/ 157 1.0[ 10 | 1.0 | 05 l !
70 50| 351251200151 10110t 1.0 .
60 6.5 4.5] 30| 25120 15] 15[ 1.5 | b
50 ' 85| 55| 40| 30 251 20| 201 1.5 [
40 |100f s8] 45({3s5130l25i20({20] [ : |
30 ' 1.5 7-5‘ 50| 35]35)j25|20)20( | | |
20 1301 901 60! 45! 45! 30| 20201 ¥ ; ¥

These cocrections are approximate only and represent the averages,

{he nearest 1/2 Rockweil number, of numergus actual observatigns.
These vailues are consistent with ASTM E18 Tables 6, 7, 13 anc 14,
When testing cylindrical specimens, the accuracy of the test wall
te sencusty affected by atignment of elevating screw, Vee anwvil,
indenlers, surface fimsh and the straightness of the cylinder,
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Dimensions ' =
. mm
Pressing Area = 645 mm?
G— Gage length 500 =01 Note—Dimensions specified, except G and 7, are thase of the die.
p— Diameter (see Note) 64 =01 : z i
A— Radws of filet, min 75 Dimensions, l'l'lm
A— Length of reducad section. mn . 60 G—Gage length 25402038
L Overall length. min 230 D— Width at center 572003
B— Distance between gnps. rmmn 115 W—Wicth at end of reduced section 597 = 0.03
C— Diameter of end section, 2ooroximate 10 T=— Compact to this thickness 3.56 1 6.35
Nate—The reduced secuon may have a gradual taper from the ends toward i— ﬁaﬁus of ﬁu?x e 3:-;8
the center, with the ends not more than 0.1 mm larger in diameter than the cemer. - B- G?ip m ol redu on 30.05 = 0.03
FiG. 18 Standard Tension Test Specimen for Die Castings L— Overall length 89.64 < 0.03
¢ C— width of gnp secuon 871 =003
F— Halfi-width of gnp secuon 434 =003
£— End radius 4.34 = 0.03
FIG. 19 Standard Flat Unmachined Tension Test Specimen for

Powder Metallurgy (P/M} Products
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Approximate Pressing Area of Unmachined Compact = 732 mm*

Machining Recommendations

1. Rough machine reduced section to .35 mm diameier

2. Finish tum 4.75/4.85 mm diameter with radii and taoer

3. Polish wih 00 emery cloth

4. Lap win crocus cloth

Dimensions. mm %

G—Gage ength 2540 = 0.8
D—Diameter at center of reduced section 475 =003
H-—Diameter at ends of gage length 485 =0.03
AR—Radius of fillet 6.35 = 0.13
A—Length of reduced section 47.63 = 0.13
L—Overall length (die cavity lengthj 75, nomunal
B8—Length of end section 7.88 =013
C—Compact 10 this end thickness 10.03 = 0.15
W—Die cavity wiith 10.03 = 0.08
E—Length of shoutder 6.35 = 0.13
F—Diameter of shoulder 7.88 = 0.03
J—End fillet radius 1.27 = 0.13

Note 1—The gage iength ang fillets of the specimen shall be 25 shown. The
ends as shown are designed 1o provide a2 practical minimum pressing area. Other
end designs are acceptable. and in some cases are required for hegh-stengn

sintered materials.

NoTe 2—It is recommencded that the test specimen be gripped with a spiit
coliet and supported under the shoulders. The adus of the coliet SURPOMT circutar
edge 1S 10 be not kess than the end fillet radius of the test specimert.

Note 3—Diameters D and H are 10 be concenric within 0.03 mm total
inckcator nunout {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

X1.1 The precision and bias of tension test strength and
juctility measurements depend on strict adherence to the
aated test procedure and are influenced by instrumental and
material factors, specimen preparation, and measurement/
12ling errors, ¢ ,

X1.2 The consistency of agreement for repeated tests of
the same material is dependent on the homogeneity of the
material, and the repeatability of specimen preparation, test
onditions, and measurements of the tension test parame-
215, :

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

X1.4 Matenal factors that can affect test results include:
woressentativeness and homogeneity of the test material,
wmpiing scheme, and specimen preparation (surface finish.
dmensional accuracy, flilets at the ends of the c2ge iengin,
2907 in the gage length, bent specimens. thread guality, and
s0 forth).

X1.4.1 Some materiais are very sensitive 10 the quaiity of
e surface finish of 1the test specimen {see Note 11) and must
x ground to a fine finish, or polished to obtain correct
results,

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

X1.4.3 Test specimens taken from appendages to the part
orcomponent, such as prolongs or risers, or from separateiy
woduced castings (for example, keel blocks) may produce
1est 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 pener-
lly has a negligible effect on the yield and tensile strength
Pul may influence the yield point, if one is present, and will
nfluence the elongation and reduction of area values. In
&neral, increasing the specimen size reduces the % clonga-
lon and % reduction in area, although some studies have
%own no effect, or the opposite effect. For rectangular
Ungle test specimens, increasing the width or thickness
#nerally increases the % elongation and decreases the %
™yction in area.

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

X14.6 Some materials are highly strain-rate sensitive.
gangcsinmeminmmmafrmmeyie}dmwhm

gation values, especially for strain-rate sensitive mate-

rials. In general, the yicld strength and elopgation will
increase as the strain rate increases.

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

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

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

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

X1.5.2 Materials with anisotropic flow characteristics
may exhibit non-circular cross sections afier fracture and
Measurement precision may be 2fTactes, 2c 2 resuit (528 Wota
243
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fizt suriaces rmay be parabolic in snzps zfier testing which
will affect the precision of final cross-sectional area m=asure-
ments (see Note 25).

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

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

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

X1.6.1 An interlaboratory test program?® was conducted
where six specimens cach, of six different materials were
prepared and tested by each of six different lzboratories.
Tabies 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 laboratorics, the third and fifth
columps list the repeatability and reproducibility standard
deviations, the fourth and sixth columns list the ¢oefficients
of variation for these standard deviations, and the seventh



»d eighth columns list the 95 % repeatability and reproduc-
whity limits,

\1.6.2 The averages (below columns four and six in each
uple) of the coefficients of variation permit a relatve
ampanison of the repeatability (within-laboratory precision)
aJ reproducibilitv (between-laboratory precision) of the
msion test parameters. This shows that the ductility mea-
aements exhibit less repeatability and reproducibility than
A sirength measurements. The overall ranking from the
4l 10 the most repeatable and reproducible is: % elonga-
s in 3D, % reduction 1n area, 0.02 % offset vield strength,
12 ‘¢ offset vield strength. and tensile strength. Note that the
mhings are in the same order for ‘the repeauability and

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

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

TABLE X1.1 Precision Statistics—Tensile Strength, MPa

X s, sfX. % Sp SaX. % r R
177.5 0.63 245 0.63 2.45 1.76 1.76
4929 0.88 124 0.88 1.34 : 2.47 2.68
538.8 0.60 0.70 127 1.48 1.68 3.55
E95.8 0.3 0.39 1.21 1.20 1.09 3.39
688.1 0.42 043 .72 072 1.19 2.02
231410 1257.0 0.46 0.25 1.14 063 1.29 3.20
Averages: 0.91 1.30

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

5.15 tne repeatability standard deviation (withindaboratpry precson),

<, X 15 tne coefficient of vanation in %.

t: 1% e reproducibility standand deviation (between-aboraiony precision).
i X = e coefhicient of vanation, %.

TAE_E XTI Srecision S:ausucs—. .l T Yieig Sirength. MFz
<, £ X, % S5a ng'){ © r =
1118 0.85 3.99 1.18 7.35 1.91 233
FE 334 0.84 1.84 g.es 1.73 235 2.48
3TN AI0E 312.7 J1.20 202 1.8%9 3.18 232 =3
4570 336.3 2.39 491 &8 Q.0 6.68 12.91
Fores 600 2880 0.46 1.18 076 1.93 . 1.28 2.13
$a2 15410 7256 240 2.29 3.17 302 6.73 888
Averages: R.57 £.46
TABLE X1.3 Precision Statistics—0.2 % Yield Strength, MPa
:_ Material X s, 55X % Sn salX. % r R
turg 159.0 0.47 2.06 0.48 2.07 1.33 132
Gram 3521 0.74 1.41 0.79 1.4% 2.08 2.20
fre 2105 £03.7 0.83 1.42 1.44 247 2.3 4,03
ENg <816 0.84 .35 2.83 4.07 2.63 783
L 500 269.1 0.36 Q93 0.85 2.18 1.0 2.37
E 3110 $70.7 1.29 082 230 1.64 3.0 6.45
Averages: 135 2.32

[




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

Maternal X 5, K% Sn L 9% &) r R
ECH19 14.61 0.59 4.03 0.66 452 1.65 1.85
2024-T351 18.06 0.54 357 172 8.53 | 1.81 4.81
ASTM A105 25.63 0.77 299 1.30 5.06 215 363
ASt 316 3593 0.7 188 2.68 7.45 2.00 7.49
Inconel 600 41.58 0.67 1.61 1.60 3.86 1.88 4.49
SAE 51410 12398 0.45 3.61 096 7.75 125 2.69

Averages: 2.8 6.35
NoTe A1—Length of reduced secton = 6D. ’
TABLE X1.5 Precision Statistics—% Reduction in Area

Matenal X s, 5K % Sn S/X. % r R
EC-H1S 79.14 1.94 245 2.02 256 S44 5.67
2024-T351 30.21 2.07 6.82 3.58 11.80 579 10.01
ASTM A105 65.59 0.84 1.28 126 1.82 2.35 353
AlSI 316 71.48 0.eg 1.39 1.61 225 2.78 4.50
Inconed 600 59.34 0.67 1.14 .70 1.18 1.89 1.97
SAE 51410 50.49 1.86 369 3.95 7.81 521 1105

Averages: 2.80 4.59

The American Society for Testing and Materials takes no position respecting the validity of any patent rights assered in connection
with any fem mentroned in this stancard. Users of this siandard are expressly advised that determination of the validity of any such
patent rignis. and the risk of infringement of such rights, are entirely their own responsibility.

This siancard is subject 10 revision ai any time by the responsibie technical commitlee and mus: be reviewed every five years anc
¢ not revised, either reapprover or withgrawn, Your comments are invited either for revision of this stangare or tor addmional stangaros
ang should be agdressed 10 ASTM Heaoguaners, Your comments will récerve care:y! consigeration g: & meeting of tne resaonsioie
‘ecnnisal cormmitiee, wrich you may atiens. It vou feel thal vour comments Have no: refenves I jair NeENNT vOU SROUC MaKE voy

D sn-mn

wews Knowr: 1o the ASTM Cemmmee or Stancarcs. 79716 Raze 8:.. Pnilgoelonie. 24 73102



APPENDIX

{(Nonmandatory Informatien)

X1. FACTORS AFFECTING TENSION TEST RESULTS

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

X1.2 The consistency of agreement for repeated tests of

the same maternial is dependent on the homogeneity of the -

material, and the repeatability of specimen preparation, test
conditions, and measurements of the 1ension test parame-
ters.

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

X1.4 Material factors that can affect test results incjude:
reprasentativenass and homogeneity of the test material
sampling scheme. and specimen oreparzlion (surface Gnish.
dimensional accuracy, fillers ai 1he ends of the gage lengin.
w@per in the gage lengih. bent specimens. thread guality. 2nd
so forth).

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

X1.4.2 Test results for specimens with as-cast, as-rolled
as-forged, or other non-machined surface conditions can be
affected by the nature of the surface (see Noie i2).

X1.4.3 Test specimens t2ken from appendages to the part
or component, such as prolongs or risers, or from separately
produced castngs (for example, keel blocks) may produce
test resuits that are pot representative of the part or compo-
nent.

X1.4.4 Test specimen size can influence test results. For
cvlindrical specimens, changing the test specimen size gener-
ally has a negligible effect on the vield and tensile strength
but may influence the vield point, if one is present, and will
influence the clongation and reduction of area values. In
general. increasing the specimen size reduces the % elonga-
tion and % reduction in area, githough some studies have
shown no effect, or the opposite effect. For rectangular

tensile test specimens, increasing the width or thickness
generally increases the % elongation and decreases the %
reduction in area.
- X1.4.5 Use of 2 taper in the gage length, up to the allowed
1 % limit, can result in lower elongation values. Reductions
of as much as 15 % have been reported for a 1 % taper.

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

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

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

X1.4.8 Flattening of tubular products 10 permit testing
does alter the matenial properties, generally ponuniformity,
in the flattened region which may affect test results,

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

X1.5.1 Measurement of the dimensions of as-cast, as
rolled, as-forged. and other 1est specimens with non-ma-
chined surfaces may be imprecise due 1o the 1rrcgulanty of
the surface flatness.

X1.5.2 Materials with anisotropic flow characterisics
may exhibit non-circular cross sections after fracture aad
measurement DIecision mav be affected. as z result {sze Note
24,

N1.3.3 The gormerz of recienguizr i=3l soecimens &
subject 10 consireini furing £eformanon and the originally
flat surfaces r;:.:} pe parebolic in shape afier 1esung whick
will zffect the precision of final cross-sectional area measure-
ments (see Note 23).

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

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

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

X1.6.1 An interlaboratory test program® was conducte
where six specimens each, of six different materials wen
prepared and tested by each of six different laboratories
Tables 2.1 to 2.6 present the precision statistics, as defined #
Practice E 691, for: tensile strength, 0.02 % yield strength
0.2 % yield strepgth, % elongation in 5D, and % reduction i
area. In each table, the first column lists the six material
tested, the second column lists the average of the averag
results obtzined by the laboratories, the third and fift
columans list the repeatability and reproducibility standar
deviations, the fourth and sixth columns list the coefficieni
of variation for these standard deviations, and the sevenl



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

X1.6.2 The averages (below columns four and six in each
able) of the coefficients of variation permit a relative
tomparison of the repeatability (within-laboratory precision)
ind reproducibility (between-laboratory precision) of the
iension test parameters. This shows that the ductility mea-
surements exhibit less repeatability and reproducibility than
the swength measurements. The overall ranking from the
least to the most repeatable and reproducible is: % elonga-
ion in 4D, % reduction ip 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 ang
reproducibility average coefficients of variation and that the
reproducibility (between-laboratory precision) is poorer thap
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 resuhs
for these specimens. However, examination of the test results
showed that one laboratorv 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 sirength results for ail
specimens.

TABLE X1.1 Precision Statistics—Tensile Strength, ksi

Material X s, s/X. % Sq sa/X. = r 23
EC-H19 25.66 0.63 2.45 0.53 2.45 1.76 1.76
2024-T351 71.26 0.88 1.24 0.96 1.34 247 2.68
ASTM A105 86.57 0.60 70 ' 127 1.46 - 168 ass
AISI 316 100.75 0.39 . 0.39 1.2 1.20 - 1.08 3.39
nconel 600 99.48 0.42 0.43 0.72 0.72 1.19 202
SAE 51410 181.73 0.46 025 1.14 0.63 1.29 3.20

Averages: 091 1.30

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

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

s/X is the coefficient of vanation in &,

5q 18 Ine reproducibility s13n0ard devi2uon [D2Twean-1adar2iany Dreision),
SefX 15 the coaiiicient of vanauon, %.

ris the 83 % repeatadility s,

&5 the £ % redrogusihiity kmns.

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

Material X S, s./X. % S /X % H 2}
EC-H19 16.17 0.65 3.99 1.19 7.35 1.81 3.33
202¢-T351 51.38 0.84 1.64 0.89 1.73 2.36 2.4¢
ASTM A105 53.66 1.20 2.02 1.89 3.18 2.37 5.31
AISI 318 48 82 2.3 4.91 4.61 049 6.68 12.91
incone! 600 38.74 0.46 1.18 0.76 1.86 1.28 213
SAE 15410 104.00 2.40 220 a7 acz 6.73 8.88

Averages: 2.67 446

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

Material X s, |- -3 Sa Se/X. % r R
EC-HYS 2298 0.47 2.06 0.48 207 1.33 1.33
024-T351 . 52,64 074 1.21 0.79 1.49 2.08 220
ASTM A105 58.36 0.83 1.42 1.44 247 2.3 403
A5 316 69.63 0.94 1.35 2.83 4.07 263 7.93
inconet 600 389 0.36 0.93 0.85 2.18 1.01 237
SAE 51410 14033 1.29 092 2.30 1.64 3.60 6.45

Averages: 1.35 232




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

Matenal X s, s/X. % Sa SafX, % r R
LH18 17.45 0.64 3.69 0.92 530 1.80 2.58
1241351 19.75 Q.58 299 1.58 8.00 1.65 4. 43
23TM A105 29.10 0.76 262 0.98 3.38 2.13 2.76
281 316 40.07 1.10 2.75 2.14 535 3.09 6.00
~zng! 600 4427 0.65 150 1.54 3.48 1.86 4.31
3:E 51410 14,48 0.48 3.29 Q.29 6.83 134 2.77

. Averages: 2.81 539
Ngte Al—Length of reduced secton = 60.
TABLE X1.5 Precision Statistics—% Reduction in Area

Matenal X s s/X % Sp SafX. % r R

LH19 79.14 1.94 2.45 2.02 2.56 5.44 5.67
1TeLTas 30.31 2.07 6.82 3.58 11.80 579 10.01
SFTM A0S 65.59 © b.8a . 128 126 1.2 2.25 3.53
U5 316 71.49 0.99 1.39 1.61 2.25 278 4.50
~cone! 600 £9.34 0.67 1.14 Q.70 1.18 1.88 1.97
I 51210 50.4% 1.86 3.69 3.85 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 patent rights asserted in connection
with any itern mentioned in this standard. Users of this standard are expressly advised that determunation of the valicity of any such
patent rigmis. and the risk of infringement of such rights, are entirely their own responsibility.
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La miaxima resistencia 2 la tensién y el médulo de efasticidad para cada polimero son:

Resistencia Modula de
a la tensidn elasticidad K
“Polimero -~ (psi) (ki) Estructura
Polietileno BD 3000 10 Altamente ramifi-

cada, amorfa con
meros simetricos
Polietileno AD 5500 180 - Amorfa con meros
simétricos pero escasa
ramificacion

Polipropileno 6000 220 Amorla con pequeiios
grupos laterales de
metilo

Policstireno 8000 450 Amorfa con grupos
larcrales de beneeno

Cloruro de polivinile 9000 600 Amorfa con grandes

dtomos de cloruro
como grupos lacerales

Se puede concluir que

{a) La ramificacién, que reduce la densidad y la compaciacion de lus cadenas, reduce las
prupicdades mecinicas del polienleno.

{b) Anadiendo dtomos o grupos diferentes del hidrégeno a la cadena, se incrementan la re-
sistencia v ba rigidez. El gropo metilo en ¢f polipropileno proporciona alguna meioria.
¢l anillo de beneeno del estireno proporciona mejores propiedades v el dtomo de clorure
«n el cleruro de peivinilo proporciona una gran meiora en las prapiedades mecinicas.

Resistencia AModulo de

a la tensign Elangacion elasticidad
Polimero (pri) (%) {ksi)
Termoplasticos por adicién lineales 3000-12,000 3-800 +0-600
Termoplasticos por condensacién lineales  8000-17,000 10-300 250-600
Polimeros termcastables 4000-15,000 0-6 300-1.600

Los polimeros por adicién lineales ticnen lza menor resistencia v rigidez pero la mayor
ductilidad. Los termoestables tiencn la mavor resistencia v rigidez pero son (rigiles. La
mayoria de los termopldsticos por condensacion lineales tiene propiedades intcrmedias; su
estruciura molecular es normaimente mais compleja que la de Jos polimeros por adicién,
pero no estin ligados en forma cruzada como los termoeseables.
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JABLA 412-5 Grupos mncienalas para varios polimeros tebt-'rr;oe..';lobles

Modulo
Resistencia de
. . g la enstén clastictdad  Densidad
Polimera Estructura (#s1) Elongacidn (%) (ks7) (g/cm*)
' H
{
Q :
H H
Fenélicos _ 5,000-9.000 0-2 400-1300 1.27
H H
H
H H |
Aminas \-\:/ 5.,000-10.000 0-1 10001600 1.50
|
C
. N/ \N Melamina
| i
H C C H
NSNS NS
N Y N
e ~
H H
H O H
N e
N—C—N Urea
7 ~
H H
S H H O
: d i B oty g - T & oL
Poiiésteres e G = C=C—C—C—~ S L i T =
] 7 :
~ /s .
oo N gl 1.000-13,000 0-6 100-500 1.25
H H
TEITY
Urctanos H—O—-(‘}—-:‘\'—-R——N—-C!J—O—‘H 5,000-10,000 3-6 1.30
]
H H -
H
Vi
H @)
N
H /C\
Furanos \c=c H 3.000-4.500 1530 158
N
0]
Ve
/C=C\
H . H
: H
| ]
(l) H—([:—-H
Silicones —?.——O——?»—-O—-- 3,000-4.000 0 1200 1.55



f

!

|

TABLA 412-4  Unidodes repetitivas y propledades de algunos elastdmeros
Reststencia
a la tensivn, L Densidad
Pelimern Estructura (har) Elongacion (%) {g/cm?)
|
.. H H—C—H H H
Paliisopreno | i | 3000 800 0.93
H
3 Iil H
Polibutadieno -—C—C='C—-(F:-'* . 3500 0.94
I T
H H H
I ]
l'l'l H-C—H i'l'l II! H H—(l:_-H
{
Polibutileno ".(’:_CEC—(I:N-(I: ({: - 4000 330 0.92
x H|H H—C—H
I
L =4
= oHE K
Policioroprenc C—(‘:=f"—-(:.",—-- 3500 &00 i34
{neopreno) | T
H H
S US
Butaciero-estireao p Lo LAl b 600~3000 600-2000 1.0
{caucho BS o SBR) T(f: SR (,: ¢
1 H H1H ©
H HHHIHH
SN
Butadieno-acrilonitrilo - (‘:"'C=r-z‘—<l: (l:—?— 700 100 1.0
I_H HJH C=N
L T I
H—-(l:--H H—C—H H—(IZ—H
e Q—5i 0 Si '} Si 350-1000 100-700 1.3
[ }

Silicon

| |
H—C—H H-—-(i:—-H H—c':—a

H H H



TABLA 12-3  (continuacién)

- Midulo
Resistencig g de
a la tensicn elasticidad Denstdad
Polimero Estructura (ps1) Elongacian (%) (ksi) {g/cm®)
Poliimida 11,000-17,000 8-10 300 1.39

v g 1 é\ L
“"N\Cﬁ:[c/”ﬁ"
g H & H T H

TABLA 42-3 Unidaaes repetitivas y propiedades para termoplasticos tipicos que tienen estructurgs de
cadenc complicadas

o

Mudla
Reststencia de
a {a fcnsiin clasticidar Densicladd
Pulimern Estructiea (o) Flungacidn ( 56) (kae) (ulent’)
H H H ) ]
Polidter e C—0—C—0—C—O0—+  9,500-12,000 925-75 520 1.42
{acctal) | | |
H H
Poliamida 11.000-12.0C0 3Q-200 400-500 1.14
favien
- I L T S G S oY
B : i N .
—;Z—C—(l.".—-C—-:——\’.:—?\'——C—C—(i.'—-ci:—(li—c—.\—---
P! T i
9 H HHHH H H H H
Poliéster §.000-10.500 20-300 400-600 1.36
(duacron)
H O Q H H
| { i [
—?——O——C C——o—(':—c]:—o——---
H H H
Policarbonato 9.000-11,000 110-130 100-400 1.2
l'l'x & mE.. . %
H--(l_'.——H (&) z
._.O_cl: O0—C—0O—-
H-—(l:—H
H
Celulosa 2.000-8.000 5-50 260-250 1.30
H H
f [
i3
C———C




* TABLA 42-2 Merosy las propiedades de oligunos termoplasticos preducidos mediante polimerizacidn
por adicién

Mddule |
Reststencia de
a la temsiun . clasticidad | Densidad
Polimere Estructura (pi) Elungaciin (5% ) (ki) -~ {g/en®)
H H
Polietileno : i i
baja densidad (BD) e G C—ree 600-3,000 50-800 15-40 0.92
alta densidad (AD) - I!i II-I 3.000-5.500 15-130 60-180 0.96
Pi-! Cl
Cloruro de polivinilidene —C—CIZ— 5.000-9,000 2100 300-600 1.40
|
H H
Y H
Poliprapileno R (i'-—"' 9005000 HELAN! 160220 )
H H—([:—-H
K
B B
Psiiestireno —{—=C— 3NN R O - I86—43
BN
-
H H
i
SIS P S
5 : | R
Polimetiimeacritazo l{ C—=0 6.000-12.000 2-3 350-450 1.22
{Plexiglass acrilico) i
T
H—?—-—H
H
B
Clorurg de ?Qli\'inﬂo B L U - 3.500-5.000 160-240 50-80 1.15
Pl
H C!
F O
Policlorotrulceroctileno _é_é_ 4,500~-6.000 80-2350 130-300 2.13
| !
F F
F F '
Politetraflucroctilenc | 2.000-7,000 100-400 60-80 2.17
(1efion) s © e o




PROPIEDAD FIRAAS MATURALES FIERAS ARTIFICIALES (ORGANICAS) F1BRAS
DE LAFIBRA | vegeTaLES ANIMALES connensacion + | Aoicion |ARTIFICIALES
. JNORGANT
| NOMBRL DE FIBRA A_GONON LANA SENA HILON TERYLEME |POLIETILENO| VIDRIO
Fraroitia :
U1 DAD MONOME CeLucosa QuERATINA Y AHIDA ESTER . ETILENGD 8102
Sericina
RESISTENCIA: _ :
A) ALCALIS ALTA BALA BASA ALTA REGULAR BUENA MALA
“)'ggézﬁvzgg ALTA ALTA ALTA REGULAR REGULAR REGULAR BUENA
r) ACI1DOS BAJA Ro A BAJA BAJA E€GULAQ BUENA BUENA
9) Hotgng REGULAR REG AR RAJA ALTA ALTA ALTA ALTA
E} INSECTOS RIA N HAJA ALTA ALTA ALTA ALTA
NENS 104y LS6 aren’ | 132 /el 122 | Ml o/ee)] 118 | 0.90.200) 2527 /cf
A35CR5ENGIA HaD 7-2.5% ? T : Co 47 | CNGT A L, : ‘
%O{_-;?_-[:I;l;{] it 12-53am | 35-35.0 }:f;,:(::,,;:iﬁg 25-128x4
AN PLSE BE Va2 kosen? [1.0 wesen” [3.70na/en |50-70¢s/cn?
CCTSTENE T . .
pey gl all | aw L 4.90 5.0 4.900 400} 21,00
TENPERATURA MAX. e ] .
0F TRARAID O 100 100 N0 210 220 70 250
DIAMETRO 20 15-50 8-15 .




JEMPLQ MONGHERDS P OLI MERQ Uses
{UNIDAD HONOMERICA)
o 7] (&) :
n n 1 it i
POLIAMIDAS HOC-{CH,) = COH -C-(CH,},-C - NH-{CH_) - Nti- Fibras y ob-
{aylon} i 2 2N jetas moldea
ACADIPICO éos 2
_ uzu-(cuz)g-uﬁz =
HEYAMETILEN DIAMINA
POLIESTERES 0 ~
{:acr&ni?ylar, Hoﬁ- {} -E-OH Polinm=rcs ll
orere ACIDS:-EREFTALICO ° e neales, fi-
HO-{CH,) ~0QH == MW -g—r~(CH) -~ bras, cintas
— - Z'N - = 2 masn&icas
S =7 4 *
ETILERGLICOL .
POL'ESTERES — AUEITRILD Piazuras,po-
o~ FTALICO liesteres dél

¢adena Cruzd

e A

——— b e =

2
W-CH_ ~CH-CH_-CH " : 23.
PO-CH, =~ CH-CH, ~C 5 i <3
GLICZRINA (QH E
PCLIZSVERES 9 9 Cadrna cruze
1 " 0 9 dé ccn est-
HY=C-Tn=Ci=0=0Y i o rers y pars-
- Ci=CH-C-G-fCH b -0- x i
At ‘- R BartrERAS
H —.'h. ) A N & =t 1
ke W e B i t
jRIZIIA FLlUuIL T '. . e A FeEend
- - I . > HERREAR e
TLRAALDESISS 'f\j Fadin? £ ‘.fj’ SRR 2 m
5 5§ SEY R (o SN st
1 S AL o -, ] ‘r,. il
~ it
FCRMALGESIZE = =
FINOL
ACETATS ¢z CH_-Sii CH.=0-C~CH. Peifeuia fo-f
H ‘_1.’__ e 1 2 A -
TELULRIAY /’*.‘u' el o erm 23 SeTeTieY
. ROk WELULIEA / \ .
! -g Y {~
' gl 1\,._,_.-4
| CHzC=0 ACIDD i Y——'—*—-’\’
‘ 24 s C J-o=C
! oH TETiCe - oo
z : - ¢

POLIMEROS POR CONDENSACION.
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r—

EJERPLO

‘"MONOMERODS

e e

{UHIDAD MONOMEF ICA)
POLIMERD

usos

CH2'CH2

El mads comin e im

Cnabmn o Sl

gorsante polinere
TILENM YU, o CHa~1, ! =
EFTLENg _m QM- Ty, to y botellas mol
deadas.
-CHZ-CH ~CH.=CH- Fibras para alfom
POLIPROFILEND i « 2 | bras interiores y
] - s 3 _ [ jTerteres
- CHZ-CH ~CH, -CH- Hcldeo de objetos
POLIESTIREND . - 1 B 7= gora uso doméstico
= ESTIREMNG = e industrial,
FOL1CLORUAO OF “CH,=CH " i -CH,-CH- = ™ | Rscubrimienta de
2 2 .
ViniLo . ¢ ! piscs agetatos de
) ¢ diszcs, tubss gord
FVC CLOFLRC oI VIHILO agus, envases y bo
1 teiias traasgaren
ice.

- - & & §
PSUITETRA FLUTRY e A~ F F Csras inastillzbieg
ZZO ce .‘.Tl'_"‘: .C = C._\ il l: - resisraenta a calicy

. TIFLEN #758L5 F £ F r izs guimcas.
TRAFLLUGRA ETILENRD 1 ]
' PULIMETACRILATS CE '! G=;-G-c 3 | T=¢-3-TH, Vidria irrenpible yl
f HE e , b ST meriiewsra o TOREIT T sinTuras lazex,
; s cH. oarLaro, | o f ‘
§opssemtpn wptargn ! RERE R S ts
D pdiaRs PRI igRas es : 2.4 . :
POPDLY-ACITATS BT vl S : shcTazivel, £intiras i
s b i Gl : § 12T, SIRAS TENDI-
] ACETAYT A i ties vy guwmas de rase
; I og wimiia © i --:a:- )
| HULZ MATHRAL | ity i e j£L 23iimaro cen ca
; i [ 72 :J-_a-x..-: cruzzZas Ce =
i Ch 2= CHZ Yo =ENLRT ':--v.'-‘z- iswifuro por {(vulca-
! ¢ig-:SCPRENG ' frizecisn).
PILICL 'JF.C"RFNC- it | Ci ;Z«.r c=Ganas cruza-
[ i ! ae o = Lo RS- -
SHESERLE ChoC-ClisCH,, HEHACREH-RlL = AT BE S G men
< z 2 H Teistente 3 aczoitemy
CLSRSFEEND icatclicas !
H ' 7 3
ESTIREHNS-ZUTAD I TS ¢ CH  =C: &_ LSTIRERT i{;!.-. cadenads <ryezo- '
(32R} \' 143% ce perbuida; es
e ST = CH-CHp CHACH-Or, 0T T :
' ‘ 2 27, 2,:: mas comGa hiis =
< BUTASIENR 1 juiado para tlantas,:
T8, =CrinCun i ! 2} geuy g lzeeuizee 753 butae |
[ > r i e s i eann !

!
|

POLIMERQOS POR AINCION.




TABLA B.3. VPROPIEDADES MECANICAS DE LAS ALEACIONES LIGERAS NO FERROSAS*

Resisten. gdi‘::’; Name- mﬂ te de
cia a 1a | Resisten- €: Porcicatol Resisten. | ro de [f2GgAD P
Alescidn Sompotfcien ccdencia | cia a 1 [dsdenly, on | cia o) | duress| flexiones | o T,
apm:dma;h. e tensién, |tensisa, t8n cotte, de [Teverddas, =
porcentaje tensidén. ¢ 1b/plg* l:z:‘ - 2 plg Ib/plgs Rock-{ Jb/plg?
To/plg well
Aleacién de aluminio 2024: Aluminie 93; cobre 4.5; - :
Temple O magnesio 1.5; mangs- { 11 goo 27 000 10.6 20 18 000 Huo 13 000 0.100
Temple T36 } neso 0.8 57 agq 72 000 10.6 13 42 000 | B8O 18 00 0.100
Alezclén de aluminio 2014: : 3 .
Temple 0 ”"3}“"1‘; :_3';:"‘; :':° {15000 | 27000 | 100 13 18000 | Hoz | 1z 000 | €.102
Temple T6 siuce 0.0; manganes \ 50 000 70000 | 10.0 13 42 000 | Bss 13000 | ©.102
0.8;: maguesio 0.4
Aleseidn de aluminls $052:
Temple © } Aluminio 97; magnesio 2.5; { 13 000 25 600 10.0 30 18 0G0 a2 16 CNO 0 06946
Temple H38 crome Q.25 37 000 2 0VO 10.0 8 24 000 E&35 20 000 ©.0uG
Aleacién de aluminio 5456: _— .
Temple © ] M;:?n:a::"e: ag‘.‘:":, { 23 000 45 000 . 24 28000 | ... ...... 0.032
Temple H321 bre 0.15: cromo 0.15 37 000 51 000 . 16 30 000 N - T 0.092
Aleacién de aluminio 7075:
Tempie O Aleactén 90; cinc 5.5; [ n
4 15 000 33 000 17 22 000 | E6S
fTemple TG } ::b:o 1653. magnesio 2.5; 1 3 000 83 000 1 13 000 “?0 23 000
Aleacién de magnesio AMIOOA. @ )
Tupdiclén, condicién F &
. 4 Magnesio 90: aluminio 10: t2 oM 231 000 6.5 2 18 000 Bt 10 000 Q.06
Fundiclén, condicién T61 } manganeso 0.1 { 22 000 40 (00 6.5 1 21000 | x30 | 10000 | 0.000
Alzacién de magoesio AZB3IA:
Fundicién, condicién F } Magnesio 91; aluminio §; { 14 000G 29 000 6.3 4 1S 000 EAS 11 00O o oGh
Fundicién, condicién T6 cine 3; manganegso 0.2 1% 000 40 000 6.5 3 20 000 E&} it oo 0.066
fropiedades eidslicas ca materigles regresentatives,
alemperstura ardinaria
Maodulo Rigidez especifica
Youny Belacidn E:s.
Material E, 10'° Nitn®! de Poisson.»  10% N - mikg?
Bratito 184 3000 TARLA &3  Reiccidn entie &
[ristzles de Al,Cy {zafirel méduio de 2laznicidad v Io
(1010] 230 a0 lemperaturd de fusién de ios metsies
(1120} 125 ‘310 Tonteratzra de Morula de
(6601 ] 48 120 Susiva eletreidad
1o 43 c.21 190 Aetal () (i)
rhuro sinterizado 1WCH 63 n.:0 48
irso-cerd mico 10 U.25 39 Pl 27 2.0 x 167
fidsio de silice 8 ey 32 e o by ol
Ueaciones de aluminio 7 0.5 28 gt 822 i(.:j i G
tero. 20 0.28 25 = : pfa
= = = AU 1064 F1.3 « 10"
ngsteno ] n.32e 21 Cu 1035 18.1 # 18
hadera (tipicak T Ni 1453 2499 x 10%
longitudinall -1 ~0.04 16 Fe i53% 30.0 x 1%
- b - -, -y
radial 0.07 ~0.3 1 t"_"_ *S:g '_‘if : o
tangencial 0.06 ~0.3 1 ; H A S 2
lesciones de cobre 12 .35 i3
lion {nylon) 03 0.48 4
Wietileno 0.04 . 0.3 0.4

P

{Pera convertir Nim? en kgliem?2, multipliquese por 1.620 x 10~ % y =n lbipulg™. por

B ox 108,

Pars convertir N mikg en kgl - m'kg. multipliqueze por 9.80 y en !b - pulg!lt ...

gL




TABLA 13-2 Proptedades de algunos moteriaies relorzados con lIbias

Kestateniia Moduly de Femperatura Mddule Kesistencia
Densidad o lg tenaiin elasticicad © o de fusiin c1pecifico rpectfica
Material (¢/em’) (k) (= 1P psi) (<) {x 10 ply (= NP ply)
Vidrio F. 2.35 500 10.5 <172% 114 56
+ Vidrio 8§ 2.30 650 12.6 <723 14.0 < 12
i Sy 2.19 asn 10.3 1724 8.4 10.8
Al O, .13 00 23.0 2015 219 2.6
200, 4.84 300 - 50 2677 28.8 1.7
Gralite HS 1.50 400 40 3700 74.2 74
{alta resastencia)
Crafito HM 1.50 270 77 3700 148 50
{alto méiduloe)
BN 1.50 200 13 2730 18.8 2.9
3om 2.38 500 55 2030 64.7 4.7
B.C 2.26 330 79 2430 824 AR
5iC 4.09 we P 2700 47.2 LI
v, 4.4 i3 74 2940 43.3 s
+ Be 1.83 135 44 1277 Fa 2.3
W 19.4 580 39 3410 3.5 c.3
Mo 10.2 310 12 ' 2610 14.] 0.9
Kevlar 1.44 525 18 4.7 10.1
13 Riskers
de AL, 3.96 soun 62 182 434 2.0
de Be() 2.83 1900 50 2550 418.5 18.5
de RO 2.52 2000 | 70 2450 76.9 22.1
de SiC 3.18 3000 70 2700 60.8 26.2
de SiyN, 3.13 2000 85 - 47.8 17.%
de grahio 1.66 3000 102 .. 3700 170 50.2
de Cr 7.2 §290 35 1890 15.4 4.9
de Cu 8.92 427 18 1083 38 1.3

Adupgachashe £, ] Kioutian, Mdans al Progacni s o Fiwee Reinkuved Pl ", Canps Evymeae laminsin, vl G 1 Dz, Tl MULEL
Proas, Vel .
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PARTE 2 — Crzrimicas (Tomados de medics numerosos)

i

- -‘ . J : -
Conductividad | popansién ,|  Resistividad ' Médulo de.
Material Gravedad i térmica en eléctrica en elasticidad
atenl especifica § ——— plg/plg/°C chm'em promedio,
*C-cmi-seg a 20°ct a 20°Ct ib/plg* a 20°C
: a 20°C* ~ i
N aLO, 38 0.07 £ 5% 10~ T g 50 X 10°
| Tabique ] ) A
|
/|  Edificio 2.3(x) 0.0015 5% 10-° .= -
| Arcilla fuego 2.1 0.002 2.5 % 108 1.4 X 108 _
; Grafito 1.5 — 3% 10¢ — -
[ Pavimento 2.3 —_ 2x10-¢ — e
Silice 1.75 0.002 — 1.2 X 108 —
Concreto . 2.4{x} 4.0025 73 10-° - 2x 109
Vidrie
Plancha 25 0.0018 53X 10-¢ 1o+ | -~
Borosilicato 2.4 0.0023 1.5 107% — | 10x10°
' Sitice e 0.003 0.3 X 10—¢ 1070 ! 10 X 10%
Vycer 2.2 0.003 0.35 X 10—¢ — ! -—
Lana 0.03 0.0006 - — ! -
| Grafito (bulk) 1.9 — 3% 106 10-3 / 1 X 106
Mg I 3.6 — . 3% 107" 10% (2000°F) : 30 X 10%
Cuarzo (SiO,) i 2.83 0.03 . TX 1079 | — | 45 X 10¢
SiC AL 0.029 | 23X 10-% ! 2.5 (2000°F) | —_
TiC 4.5 i 0.07 :, AX 1078 | 50X 1078 I 30X 10°
PARTEZ 3 — MATERIALES ORGANICCS {IC0maces $s= numerossos :::eﬂcs}._
! Conductividaé - » _ . i .
! térica en Expansién : Rasisuvicad Méculo de !
— j Gravedad ST térmica en . elécrrica en elasticidad
SErL | especifica | ——— . opig/pig/°C | ohmrem . promedio, !
; { *C-em?*seg 220°Ct i a20°C? | Ib/plg® 2 20°C ;
: a20°C* : : :
? Melamina-formaldehido ! 1.3 ' 0.0007 S 13 % 107¢ ‘ 103 l 1.3 X 104 .
| Fenol-formaldehido 1.3 0.0004 P40 x 1078 1042 j 08X 10f i
! Urea-formaldehido 1.3 0.0007 i 15 X 10-6 102 1 L3x 108 |
Hules (sintéticos) 1.5 0.0003 ;. - = L 500-10,000
Hule (vulcanizado) 1.2 0.0003 ¢ d3x107® 1014 ( 0.5 X 10°
Polietleno I 0.9 0.0008 : 100 X 10-6 1013 I —
Poliestireno 1.03 0.0002 i 33X 107 10'8 i 04X 108
Cloruro de palivinilideno 1.7 0.0003 A 1013 : 005X 10
Politetrafluorcetileno 2.3 ! 0.0003 L 33X 167° 107 ‘; -
Metacrilato de polimetilo 121 00005 50X 107¢ 106 I 05x 108
| Nylon S B 0.0006 P 55x 1078 10t I 04ax 108 |

' Multiplicar por 0.906 para tener Biu-ple/ F.pic.seg, t Multiplicar por 1.8 para tener em/om/°C. I Dividir entre 2.54 para tener ochm . pic.
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" TABLA 40-8 Designociones de grado de endurecimiento paro aleaclones de cobre

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

Reduccién porcentual en
cipesor o diamctro

HOt § dura 10.9
H02 } dura 20.7
H03 1 dura 29.4
HO4 dura 374
HO6 extradura 50.1
HO08 de resorte duro 60.5
H10 dc resorte extra 68.6
H12 dec resorte especial 75.1
Hi+ de superresorte 80.3

Mxx—cal como s¢ manufaciura. (xx se refiere al tpo de proceso de fabricacién.)
Oxx—recocida. {(xx designa ¢l métedo de recocido.)
OSxxx—reccocida para producir un tamafio particular de grano. (xxx se refiere al didmerro del
grana en 107 mm. Por tanto, O3025 sefalariz un didmetro de grano de 0.025 mm.)
TBOU-—tratada por solucidn.
TF¥D0—endurecida por envejecimiento.
TQxx—templada y revenida. (xx da dertalles del tratamivnto térmico.)

TABLA 40-9 Composiciones. proprededes y apiicaciones de algunas cleaciones de niguel y cocballe

Resttencia Esfuerzo de )
a {¢ tensign Huencia Elongacidn
Muaterial (psi) (psi} (%) Aplicaciones
Ni pure (99.9% Ni) ]
Recocido 30,000 16.000 43 Resistencia a la
Trabajado ¢n frio 95,000 90.000 4 corrosibn
Monel 400 78.000 39,000 37 Vilvulas, bombas
(Ni-31.5% Cu) cambiadores de
Superaleaciones de Ni calor
Hastclloy B-2 130.000 60,000 61 Resistencia a la
{Ni-28% Mo} corrosidn
MAR-M246 140,000 125,000 5 Motores de reaccidn
(Ni-10% Co-9% Cr-10% W + Ti, Al, Ta)
DS-Ni 71.000 43,001 14 Turbinas de gas

{Ni-2% ThO.)
Superaleaciones de Fe-Ni

Incoloy 800 59,000 41.000 37 Cambiadores de calor
(Ni-46% Fe-21% Cr)
Superaivacignes de Co

Havnes 25 135.000 65,000 60 Motores de reaccidn
i50% Co-20% Cr-15% W-10% N

Estclita 68 77.000 103.000 4 Resistencia al desgaste
{(60% Co-30% Cr-4.5% W) por abrasién

Datos de Meeals Handbead, Vul, 3. Ya. o Acecan Scuity ke Moevahs, 19560,




TABLA 40-4 Efecto delos mecanismos de endurecimiento en el aluminio y en las aleaciones
de cluminio ‘ e -

Reststeeia Esfuerze . ..
. ¢ la lensidn dfﬂj;mah Elongacidn Esfuerzo de fluencia (aleaciin)
Alaterial (psi) (psr) (%) Esfuerso de fluencia (puro)
Aluminio puro recocido 6,500 2,500 60
{99.999% Al)
Aluminio puro comerciud 13,000 5,000 45 .20 -
{recocido, 99% Al) .
Endurecido por selucién 16,000 6,000 5 2.4
solida
(1.2% Mn)
Aluminio puro trabajado 24,000 2,000 15 8.8
en frio un 73%
Endurecido por dispersién 42,000 22,000 35 8.8
(5% Mg)
Endurecido por
envejecimiento 83,000 73.000 I 29.2

(3.6% Zn-2.3% Mg)

L Dacos modificados de Meels Handbosk. Vol. 2. 9a. od., American Socicty for Maiais, 1979,

TABLA 10-7 Propiecdades de gleaciones tipicas de cotre cotenidcs per aiferentes meccnismos e
endurecimiento

esignacion dr Resistencia Esfuerza o Lignga-
srado de a la lensian Sluencia cton Mecanisma de
Material endurecimiento {ps1) (ps1) (Ve) endurecimiento
Colbsre puro, recocidu 30.300 4.8300 €0
Cohre comercialmente puro. 035050 32,000 10,000 35
recocido para engrosar
¢l tamafno de grano
Cobre comercialmente pura, 035025 34,000 11,000 53 Tamaiio de
recocido para alinar grano
el tamufio de grano
Cobre comercialmente puto, HIO . 57,000 53,000 4 Endurecimicaw por
trabajado en frio deformacién
Cu-33% Zn recocido 05050 47.000 15.000 62
Cu-J0% Ni tal como se fabrica M20 33.000 20,000 43 Soiucion solida
Cu-10% Sn recocido 035035 66.000 28.000 63
Cu-33% Zn trabajado en frio H10 98,000 63,000 3 Solucién
: solida +
Cu-30% Ni wrabajado en frio H80 84.000 79.000 3 Endurccimicnio por
deformacién
Cu-2% Be endurecido por TF0O 190,000 175.000 4 Endurecimiento por
cnveiecimicnto envejecimiento
Cu-Al teinplado y revenido TQ50 110,000 - 60.000 5 Reaceidn
martcnsitica
Mangancso bronce fundido F 71,000 28,000 30 Reacrién cutectoide

»

Datew de Antal, Haadbooi, Vol 2. 92, oxl.. Amverican Yox ity bar Matala, 1979,




TABLA 40-2

Sistema de designacion para las aleaciones de gluminio

Aleaciones para forja

lxxx Alum. comercialmenie puro (>99% Al)
2xxx Al-Cu

Jxxx  Al-Mo

+xxx  Al-St y Al-Mg-5i

3xxx  Al-Mg

bxxx Al-Mg-Si

7xxx  Al-Mg-Zn

Aleaciones fundidas

Nu envejecido
Endurecible por envejecimienio
No envejecido
Endurecible por envejecimienio
si hay magnesio presence
No envejecido
Endurecible por envcjecimiento
Endurecible por cnvejecimicnio

Ixx.x  Alum. coirercialmente puro No envejecido
Axx.x Al-Cy Endurecible por envejecimicnto
3xx.x  Al-Si-Cu 6 Al-Mg-Si Algunas son endurccibies por
- envejecimiento
4xx.x  Al-Si No envejecido
Sxx.x  Al-My No envejecido
Txx.x  Al-Ng-Zn Endurccible por envejecimicnto
8xx.x AIl-8n Endurccible por envejecimienio
TABLA 10-3  Propiedades de algunas aleaciones de aluminio
Reststeneta Esfuerzo de
a la temsion Huenziz Elungaciin
Aleaeing {._7..-‘.." (P: “\ ( !'}.) ::a",m:_."_v_,’.
Alcaciones para forja no tratabies
térmicamente
11000 >99% Al 13,600 5.000 40 Componentes eléctricos, hojas
110v-H18 24.000 22,000 14 metdlicas finas (“'papel’’).
3003-0 1.2 Mn 16,000 6.000 35 resistencia a la corrosidn.
3003-H13 28,000 27.000 7 Lacas para bebidas, aplicaciones
4043-O 5.2% Si 21,000 10.000 23 arguitectdnicas.
3036-0 3% Mg 42.000 22,000 33 Mueral de relleno en soldadura,
5056-H 18 60,000 30.000 15 recipientcs, componcntes
Aleacioncs para forja tratabies maie
térmicamente
2024-0O 4.4% Cu 27.000 11.000 20
2024-T4 68.000 47,000 20
4032-T6  13% Si-1% Mg 55,000  46.000 9 T'runsportes, acroniutica,
6061-T6 1% Mg-0.6% Si 45.000 40.000 I3 astrondutica y otras
T T075-T6 5.6% Zn-2.5% My 83,000 73.000 11 aplicaciones de alta resistencia.
Alcaciones para fundicidn
295-T6 4.5% Cu-0.8% Si 36,000 24,000 5 Arcna
319-F 6% S5i-3.5% Cu 27.000 13,000 2 Arcna
34,000 19,000 2.3 Maolde permancate
3536-T6 7% 5i-0.37 Mg 33.000 24,000 3.5 Arema
33,000 27.000 5 AMolde permanente
a80-F 8.5% Si-3.5% Cu 46,000  23.000 , 3.5 Molde permanunte
390-F 17% Si-4.5% Cu-0.6% Mg 41,000 35.000 1 Coquilla
+13-F 5.2% Si 19,000 8.000 8 Arcna
23,000 $.000 10 Molde permanente
33.000 16,000 9 Coquiila
713.T5 7.5% Zn-0.7% Cu-0.35% My 30,000 22,000 4 Arcna

Datos madificachs de Metely Handbouwi, V. 2, 92, wd.. Amterican Sucicty ke Metals, 1979,




TASBLA 10-10 Propiedades de aigunas aleaciones de lilanle

— -—

Resistncia =~ Esfuerzo de !
’ a Iz lensidin Sluencia Elongacidn -
Material ¢s9 (psi) (%)
Titanio comercialmente puro
99.5% Ti 35,000 25,000 24
99.0% Ti 80,000 70,000 I5
Alcaciones Ti alfa _ -
5% Al-2,5% Sn s 125,000 113,000 15
Alecaciones Ti beta - . B D
13% V-11% Cr-3% Al 187,000 176,000 5
Aleaciones Ti casi aifa '
8% Al-1% Mo-1% V 140,000 120,000 14
6% Al-4% Zr-2% Sn-2% Mo 146,000 144,000 3
Alcaciones T1 alfarbeca
B% Mn 140,000 125,000 15

6% Al-4% V 150,000 140,000 8

Datus de Metals Handboui. Vol 3, 90, il American S icty for Metads, 1980,

¢ — e e —— e - e e —

TASLA 10-41 Propiedades de metales refractarios

Temperatura ambnente 7 = 1000°C
Temperatura Reststencia Esfuerzo de Kesivencia Exfucrza de
de fuslon eavidud a lu teastom Sluencin Elonsadtan a lu tension [nencia
Metad (C) (zfom?) (i) {ini) (5 (£sr (Pt
Xb 2470 558 132400 20.NC0 23 17.000 3aCs
Mo 2510 .22 g 0.0 is Z0.00¢ 20,06
e 2988 .3 304500 33.0G8 i 27.c00 21000
Y 321G J 27 300.000 220,000 = E6.900 15.000
PARTE 1 — METALES (Tomados de medics numerosos)
i : - ' :
!! i Con:%uct}v:dad l Expansion i Resisuvidad Modulo de
) I _ erﬁca térmica ! eléctrica en elastcidad
Material | Densidag | calicm plg/plg/*F i ohm-cm promedio,
i *C-cmiseg a20°Ct i a 20°C: b/plg® a 20°C
| a 20°C* | ;
— P D
== : : =
Aluminie (99.9=) } 2.7 0.53 V125X 106 J 29Xx 10—¢ 10 X IO?
Neaciones Al | 270 0.4(=) | 12X10% 35X 104+ | 10% 108
Latén (70Ca-30Zn) ;83 ;03 . nx107% | e2x10-¢ ! 16X 10
Bronce (95Cu-5Sn} i 85 | 0.2 10 X 10— 9.6 X 10~6 i 16 % 108
Cabre (99.94) X i 095 9 X 108 1.7 X 10-¢ | 18X 08
Hierro (99.9+ ) | 7.87 1 0.18 6.53 X 10-% 9.7 X 10-8 . 29X 10
. o 0
Plome (SS+ ) ¢ 1134 { 0.08 16 X 10—% 20.65 X 10-% 22X 10
H i - - -5 3= qa
Magnesio (994 ) | 174 | 0.33 14X 10°% 43x 10 6.3 X 105
. o R 10—6 H 48.2 X ]0—5 : 25 X 10
Menel (7ONi~30Cu) ! 3.8 0.06 X 2 . i 1 % 105
i —8 -
Plata (sterling) | 104 I 1.0 10X 10 1.8 % 18



PROPIEDADES MECANICAS

. TABLA B.1. DE 105 METALES
NO FERROSOS *
Médulo
Resintencts | putieects | gy wactiei- | Zozpasn | X% O Pe,
Metad ;:' ““":F b tmiin dad e« a3 pir I: 1b/ples”
Tansid /gt [ ataje
b/t I:‘T;I:-l:’ pats Brigedl -
Cotre, 0.25 pir proeso:
Reeocidos grano o 0.085 mz| 10 000 | 32 000 10 45 47 0.3%0
.................. 45000 | s0 o000 16 12 105 0.320
Niauel:
Baledo er exllemte.,....... 25000 | 75 090 30 4 110 0.310
Relade 4259 .o iiunnnnns 120 000 | 140 000 10 2 0.319
Cloe:
Vaciadd.......oooviivnened] enennns 6 0co 1 1 0.760
Linim reisds ém........ 5000 | 24 000 12 35 0.0
Alzuizio:
Yacado en arem, 1160-F, ... G D00 11 00O 9 22 . 0.087
Limi=s resociza. 1100-0 .| 5 ooo 15 000 10 35 a2 0.087
Limizm dzm, L100-HIS ..., 21000 | 24 0OG 10 5 4 0.097
Mazmesio:
Tl oo s o 600 13 9co 6 6 50 0.0r3
Ertmids  L.............. 1200 | 28 000 6 8 35 0.cn3
CETP T 3000 | 25 000 6 4 10 0.063
TAELA 5.2, PROPIEDADES MEICANICAS DE LAS ALEACIONES PESADAS NO FZRROSAS
Resisten- : Médulo {porcien.- . ;
; Resis- ;. Mame-
Composicion cia a la tencia de elasti .4 4o R hcor 0 de Peso
i cedencia cidad tencia :
Aleacién aproximada, FoF (6 = ala  !por ten.| elonga- al dureza | lb/plgs
ROLEEnt R sién, t tensibnigign, 10s] cién en | corte, R"zﬁ
Ibspigz 1 10/Plg* | lb/plgz | 2 plg | lb/plg?; ™
Lion para corte libre: ) " . .
Recocido Cobre 61.5: cin¢ 15 (00 49 (Xn) 12 53 30 000 | F6R 0.30
¥ duro 15% de reduccién 35.5. plorio 3 43 00 56 o0 12 20 31 oo [ Be2 0.30
Medio duro, 25% de reduccién =i PIOD 32 ) (NI 6.8} 14 13 38 ou) Bx 0.3n
wn con alto contenide de piorme
(0.04 plg de grueso): . - “ . . .
Recocido, grano de 0.050 mm } Cobre 65; cinc 33; { 15 000 47 000 12 85 I3 oo | Fes 0.30
Extraduro plome 2 62 0w 35 U0 15 5 45 QU0 | D7 0.30
©wn rojo (0.04 plg de grueso): . . ; . -
Recocide. grano de 0.070 mm}; Cobre 85: cine 15 { 10 000 39 0No 12 3 31 bou 1 F66 0.31
de grueso extra duro ! 61 (M) 78 () i3 + 44 W | Bs 0.31
once al aluminio: i -
Vacizdo en'?rcna } Cobre .89: aluminie { _’.:2 (14 1] ‘g':; 0on 5 s 4’1_1 ___________ 0.0
Ecruido 8; hierro 3 37 500 82 (KK} IN 2 | ..ol ... L.:30
Cobre al berilio: Cobre 97.9; berili i 70 o0 2 < 23 2
4 (solucién recocica) } obre d7.3; o RS PPalai e Ix S BEETEREY Beox 1 0.32
HT. endurecido 1.9: niquel 0.2 130 000 200 00 18 20 Cs2 0.32
Bronce al manganeso (A): Cob
: re 58.5; cine 39; . Vi ; o . S
flecocido, suave, duro 15% de hierro 1.4; estafio { ;3 8'33 l.:..",' 33:: :; }g ::’ &%’ g?;’l 3%8
‘mducczén 1; manganeso Q.1 V= _ = o J -
twnce al fésforo, 5% (A): t —
fecocido, ano de 0.035 mmi: 2 (Ml 49 (M) }j T - B3 .32
Fxtradure ‘;.a:o . 0015 e |: CoPTR 95; Sscafin B b B | oo 1 5 | Ll Rud 052
hmgicwel' 30% - . .
ido 'a 1 400°F. Laminado }| Cobre 70: niquel 30 20 000 ) 53 000 22 B . B37 n.32
m MO. S0% de reduccién } { 8 o) &5 W0 > 2 4 ...... Bs1 0.32

| g T

-




TABLA 10-44 Composiclones vy propledades de 6Iéur’1bs aceros inoxidables

1

- . Resistncia  Esfuerzo dr
I - - a la tengicn Sluencia Elangaciin
Acero % C % Cr % Nf Otras (psi) {psi) (%)
Austenftico
201 0.15 16—-18 3.5-5.5% 55-7.5% Mn 95,000 45,000 40
304 ] 0.08 18-20 8.0-10.% 75,000 30.000 30
304L - 0.03 18-20 8~-12 75.000 30,000 30
821 0.08 {7=-19 9-12 Ti(3x %) 85,000 35,000 55
347 0.08 I7-19 9-13 Nb {10 % % ) 90,000 . 35,000 50
Ferrftico .
430 0.12 1618 65,000 30,000 22
442 0.12 18-23% 75,0600 40,000 20
Martensitico
416 0.15 12=-14 0.60% Mo 180,000 140.000 18
43] 0.20 15-17 1.25~2.30 200,000 150.000 16
440C 0.93~1. 16—18 0.75% Mo 285.000 275.00Q B
Endurecimicnto por
precipitacion
17-4 0.G7 16=13 -3 0.13-0.45% Nb 190,000 170.000 10
177 (.09 16—=18 6.5-7.8 0.73~-1.25% Al 240,000 230,000 L)
Modilicakr a pantit do \letals Headboak, Yid. 3, Ya_ pl.. Aacrwan S a1y ke Meoils, 19500 "
TABLA 40-45 Propiedadas represaniotivos de tundiciones tipicas
; Resistencia Esfuerzo de
: a la temyiin Sluencia S
Clastficacion (ps1i) (psi) A
Clasz 20, lundicidn gris 12.600-40,000 <] CE > 4.2%
Clase 40, fundicién gris 28.000-34,000 - <l-.- CE<4.0%
5018, fundicién maleable 33,000 33,000 18 Ferrita
50001 . fundicién malcable 105,000 90,000 1 Mdlartensita revenida
50-10-18, lundicién ductil 60,000 40.000 18 Ferrita
120-90-02 . fundicién ductil 120,000 90.000 2  Martensita revenida
Fundicién de grafito grado B 50,000 40,000 { Ferrita + perdia

compactada




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

L l e S mmm rwm g - am '
]
Resfstencia sl Mdédulo
| Rostatencla 8 | Reststencia | corte per asticiad ! Lifes
kipa/plg’ ala torsidn, 10° 1b/pl Posclento | Numam Médulo &
cedencis kips/ples de clon- ~-de i o d' durar:idn..
Material - por —— e gacién en | durezs acida
¢ Resis. compresidat. " o Iplg | _ds I-plg/plgt | in
! " la | Ul | Eips/plg’ i TSYR | Utk | qengsn CMI - i- Brinsll Xps/p
+ cedens | ma leedenciat! =& i
g e 5 ciat H
S l : 4 - i A - §
Heldn LTS covaveenes S 3 20 a8 s 37 15 6 1 i 130 B0 1
ondictén blancB  L...ol-..o..., GO 100 60 20 8 [ 400 .
cion al niquel. 1. 5% de n.t-i i o ag . . ! -
......................... . i 3 H s sy o ' . g
o maleable ...... w ) s e 19 48 25 w0 13 2o oL t 26
ﬁ:m e&m lingotes, Tecezide. .02 - ‘ - - i g - - | & . ; -
d‘ car 0  c s s s en ettt e - 1 - N 1 - - L I -
E:m forjado, 0.10% de carbemo.. 30 ; S50 ! 30 8 ! 33 27 | 10 30 100 14 CO0 | 25
o, 0.20% de carbomo: ] 3 i | 1
Relado en caliente - «...vvenannen P40t 6o 40 24 1 45 30 ; 12 35 1 120 16 300 2
Rolado en frio ....... P — ' 6 BO GO b {1 30 , 12 | b3 i 160 12000 40
Fondiciones Terociday .......... i3 s0 35 21 | 43 3 1 12 i 130 .
cero, 0.409; de carbena: i ; ! . i 1 ) d 5
Rolado cu callente .. ........... i 12 170 42 25 33 £ I b 23 : 135 !
Tratzmiento térmico para grano | ]. i 1
fine ... Careraeraiesees : 60 w0 0 sk 75 0 ;o1 |l o {90 i
Fundiclones Tecacidas ........., 135 65 35 2 ! oas 0 oy 13 130 ¢ i
e, 0.60%, de carbone: : . . .
Zolado en caliemte ....... ... W3 100 | 63 37 30 1 ! 15 i 200 12 3Ga ! 50
Con tzatarmianto térmico pare gra- i ; i} i
86 fIR0; st s PR Ee 1 o 120 ¢ 78 7 | o100 . 12 13 235 15 U0C %3
ero, 0.80%, " 42 carbosas ! ' g '
Rolado en callemte ....... 5 ; 73 120 1 73 3+ | 103 30 iz ! 0 220 :
Apagado en aceire, po laminadg .. N 5 150 ! 125 750 10 30 . 12 ! 2 iosuo ! :
ket 1.0U% de carbono: i i . . -~ I‘ i . )
Rolade en calienie ........ w5 N i 135 >3 e Ldls ks Sl I3 ; jal ol B <0 B
Apigado en aceite, no laminadce . 14 Aok ) i1 i85 28 x 3 i 02 2 000 il
e20 al piguel, 2.35 de niguel, 3 ;
040% de caroono, maxsma durzoa . \ i i ) -
»n Daquinabiidad ........... ;T el 1) : 90 !} 1:0 o o =1 80 | oeen 3
keo al si].‘:ccr:un:::;ew.v 1.35%; H v H ! . ) i ;
de sllicin, 0.70% 2 Mn, tem-: : i - t - i - i =
pl:dn para rc‘scr'ts o wseineyese 130 ; Tig 1360 i 73 113 l 3o P12 |l 1 t 350 l 21 06d !
; : IS T : . —r

Note: La maycria de los aceros dependen tanto del tratamiento t.ému:n corze de su composicién para desarrollar propiedades mecdnjcas pas

Mares,

TABLA A.2. REQUERIMIENTOS PARA FUNDICIONES DE HIERRO GRIS *
{Ca:;;a. de ruptura por flexién al centro, minima, lbras
Claze Resistencia
No. z lz tensidn 0.875 plg de 1.2 plg de 2.0 plg de
ib/plg: diim, claro diim, claro diim, claro
de 12 plg de 18 plg de 24 pir
ac 20 000 900 1 800 6 000
23 25 0G0 1025 20600 6 800
30 30 GO0 1150 2200 7 600
35 35 ¢oo 1273 2 400 8 300
40 40 000 1 400 2 600 9 1C0
50 50 000 1675 3000 10 300
€0 €0 000 1925 ' 34CQ 12 500

* Basada en ASTM A 48.
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Standard Specimens Subsize Specmen
Plate-Type. 1v42-in. Wide Sheet-Type, Vz-in. Wide Va-in. Wide o
in. in. in. o
G—Gage kength (Notes 1 and 2) 8.00 = 0.01 2.000 = 0.005 1.000 = 0003
W—Width (Notes 3 and 4) 1% + Vi, —Vs 0.500 = 0.010 0.250 = 0.005
T—Thickness (Note 5) thackness of matenal
R—Radws of fillet, min (Note B) 4 1 e Va
L=0Over-all length, min (Notes 2 and 7) 18 B8 4
A~—Length of reduced section, min 9 2V 1Ve
B—Length of grip section, min {Note B) 3 2 1Y
C--width of grip section, approximate (Notes 4 and 9) 2 Ya Y

NoteE 1—For the 1%-in. wide specimen, punch marks for measunng elongation after fracture shall be made on e flat or on the edge of the speamen and within the
reduced section, Either a set of nine or rmore punch marks 1 h.apan_orwdrmepa&soiwmSh.asanmaybeused.

NoTe 2—When ejongation measurements of 1%x-n. wide specimens are not required. & minimum length of reduced section (4) of 2% in. may be used with all gther
dmensions simiar to those of the plate-type specimen.

NoTE 3—For the three sizes of specimens. the ends of the reduced section shall not ditfer in width by more than 0.004_ 0.002 or 0.001 in., respecivety. Alsc. there fay
be a gradual decrease in width from the enas to the center, but the widith at each end shall not be more than 0.015, 0.005. or 0.003 in., respectively, larger than the wion
at the center,

Nove &—For each of the three sires of sopecmens, narrower widths (W and ¢) may be used when necessary. In such cases the width of the reduced section shoule
e gs larce 2s the wiadth of the matenai bemng 125120 perrmits; however, uniess stated specfically, the reguirements for eiongation in a proaust spechzzanon shall Not asly
whngn these NarTower sDecimens are used.

Nave 3—The aimension T is the thickness of the 1est specimen as provioes for in the applicable matenal soecfizauons, Minimum tickness of 1%-in. wige soecamens
snall be =1e v, Maxenum mickness of Vain, 200 Vasn. wide Spesmens shzi D2 3t . and Ya in,, respectively,

NOTE B—FOr the 1va-in. wide sDeqimen, ¢ Y=-n. mmimum ra a7 1N engs Of the reduced $eClON 1f parMitten for steal speamens wnaer 130 000 psin tenge
srangth wnan & orofiie cuTier 15 usea 10 masnme the redusas g5t

NOTE 7—"C 21 1IN ODI2MkNT &x:a' IT221N7 CURND eSunT &7 .- wids $Delimens, e over-al lengtn snouic De ac jarge as ine matenar wik dermn. uz 0 £.00 i

NoTe &—It1s cesiradDie. f possiD-2 1D make the leniit 20 MNe TR $2CUon large enougn to allow the specmen 10 extend into the gnds 2 mistance ecual to twe s o
mxe of the 1©noth of the gnps. if s Tnickness of vo-n. wide spesimens is over Ya in,, ionger gnps and comespondingly longer grp $ecudns of Thve SDeCENen may o5
fecessary to prevent failure in the arnp secuon.

NOTE S—For the three sizes of specimens, the encs of the speamen shall be symmertrical in width with the centes line of the reduced secoon witni €10, 0.05 2
0.005 .. respectively. However, for referee testing and when required by product specifications, the ends of the Yx-in. wide speamen shall be symmainzal within 0.0t R

NOTE 10—Specmens with sides parailel throughout theif length are permitted, except for referee testing, provided: (a) the above tolerances are useg: (b) an agdequaz
fumber of marks are provided tor deterrmination of elongation; and (£) when yield strength is determined. 2 sufiadig extensometer is used. If the fracture occurs ati
distance of less than 2W from the edge of the grippirk) device. the tensile properties determined may not be representative of the matenal. In accepianze testing, if e
properties meet the minimum requiremeants specified, 0o further testng is required, butl ey are less than the munimurm requirements, GiscaC the test ang relest

FiG. 1 Rectangular Tension Test Specimens

Wedge Grips Upper Hecd of
Testing Mochine
—

™t Lirfefs ~Thickness Varied

According 1o Specimen Thick-
ness 1o Xeep Wedge Grirs
Flot Specrmen— | from Protruding above or
Beiow Heod of Testing
Maghine

hoerd

FIG., 2 Wedge Grips with Liners for Flat Specimens
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Dimensions
Standard Speamen Smail-Size Specamens Proportuonat to Standarg
in, in. in. . in,
iy Dameter ... L. ... .. . £.500 D.350 0250 0.1680 0.113
lwGage length 2.000 = 0.005 1.400 = C.005 1000 = 0.005 0.640 = 0.005 0.450 = 0.005
T—diameter (Note 1) 0.500 + 0.010 0.350 = 0.007 0.25D0 = 0.005 0.160 = 0.002 0,113 = Q.002
-Raows of fifer, mm 3 Va g Sy 1az
s—cength of reduced section, mun (Note 2} 2% 1% 1% Yo 5

Note 1——The reduced section may have a gradual taper from the encs ioward the center, writh the ends not more Than 1 = larger in diameter than the center {comroling
2mpnsion).

wsrE 2—1f desired. the length of 'ﬁe feducad secton may be inCreassd 10 accommodale an exiensometer of any converuent Gage length. Reference marks for the
~szsurement of elongation should, nevertheless, be spaced 3l the indicated gage length.

NorE 3~-The gage length and fillets may be a2s shown, but the ends may be of any form to fit the holders of the 18sting machine in such a way that the 10ad shall be
agisee Fig. ). # the ends are 10 be held in wegdge gnps it is desirable, if possible, to make the lencth of the gnp section greal endugh to allow the specimen 1o extend
-2 ine ONps a distance equal to two thirds or more of the length of the gnps.

NoTE 4—0n the round specmens m Figs. 8 and 9. the gage lengths are equal to four times the nominal diameler. In some product Specificalons Gther specimens may
» ~aged for. but unless the 4-to-1 ratio is maintaned withun dimensional tolerances, the eiongation vatues may not bé comparable with those obtamed from the stancard
o8 specimen.

yote 5-—The use of specimens smaller than 0.250+n. diameter shall be resincied to Cases when the matena! 1o be tesieg is of insufficen: size 13 O5tain larper
-:2cENS O when all partes agres 1o therl use for acceotance 1esung. Suimilar specmens requrre sultable eQuiDment ang £reaier S 1 Doin MasnInmg ans 1esins,

w:z 8Five sizes of specimens chen Usel have diameters of approximatery 0.505. 0.357, 0.222, 0.160. enz C 113 1n
©¢r8h TAM IDane | Sinze the caTegaonans Iross-secuonal aregs are egual or c:os= 10 0.202. 0. .03 0.0500.

. it

T i Sezneozrz 0.300-in. Rouns Tension Test Spesimen wiin Loin. Z23ge Lengin ang Sxamoies of Small-5ize Specimens Frosoruonar i
ine Siancarg Soecimen
P ol g : oy eay e e
l T T T z — - e N
_—— — D e T —_——— =) — =T =
.___,_/-——'_:—’—"‘.\—_‘__ - N ——— Nt
A Nole < I
T e e , e e L femanr gy e
- R e e v W S . O B s o e TAR W,
— e Al - e S el Nz
! ¢ R Note 2 — k=
L -
5 & B = 1
— e e e i
S S e
———— s o
=l T R
Dimensions
Soedcimen 1 Specimen 2 Specunen 3 Specirmen 4 Specamen 5
n. n in. in. in.
fZaze length 2.000 = £0.005 2.000 = Q.005 2.000 = 0.005 2.000 = 0.005 2.000 = 0.005
s~ameter (Note 1) 0.500 = 0.010 0.500 = 0.010 0.500 = 0.010 0.500 = 0.210 0.500 = 0.010
Suztuys of fillet, min £ 4 s Ya Wy
Lwiength of reduced section 2V, rmin 2%, min 4, approxnna!ely 2V, min 2%, mea
~Over-all length, apbroximate 5 Sy 5'/: 43, g1z
i-\engin Of eng Section (Note 3) 1%, approxinately 1, approximately a, approximarely 4, approximatety 3. min
(~Darneler of end section ¥, ¥, za;s; e Y
I-Lengin of shoulder and filer Y e ¥ %
section, approximate
-Oameter of shouider oy £ s e Wiy

e 1—=The reguced section may have a gradual taper from the ends towand the center with the enis not maore than 0.005 i larger N diameter than the center.
e 2~-0n Specmens 1 and 2, any stangdard thread iS permissibie that provides for proper aignment and aids in assunng that the specimen will break within the

1 SEChoN,
e 3—~0n Spegimen § it is desirable. if possibie, tomakcmelengmofmegmsecnongreatenwgntoanowu'-especzmentoex:endnmmegnpsadmnceequal

f-owﬁsa'mmatmelmgthoimegms
FiG. 9 Varous Types of Ends for Standard Round Tension Test Specimens
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asial Dimensions
—-_'-—_7
Soecrnen 1 Spearmen 2 Specmen 3 Speamen 4 Speamen 5 Speamen & Speamen 7
in, . n. in, in. n. in.
“TSase iength 2.000 = 0.005 2.000 = 0.005 8.00 = 0.01 2.000 = 0.005 £.000 = 0.005 2.000 = 0.005 4.000 = 0.005
= (Note 1) 0.500 = £.010 AV = Yo, —% 1%+ Ve, =% 0.750 = 0.631 0.750 = 0.031 1.000 = .06z 1.000 = 0.062
- . Tckness measured thickness of specmen
s magyus O filet. mun 2 1 1 1 1 1 1
:-_2ngtn of recuceq 2% 2% 9 2% 42 Y 2%
secIon. min
i - _agin of ¢np sec- 3 3 3 3 3 3 3
son, men (Note 2)
. of gop sec- Mg 2 2 1 1 1% 1%
won. 20proximnate 2
\Note 3)

o s=—T1e enos of the requced section shall difer 1n wicth by rot more than 0.002 n. for specimen 1. ang 2, anc not more than 0.0C5 . for specimens 2. 3. 5, 8,
«= " Tnere may be a cradual tzoer in width from the encs to the center, but the width at each end snall be nat more than 0.005 i, greater than e widih at the center
- l. G2ge Iencth speamens. not more than 0.008 in. greater thar the wwath &l The center for £-n. gage lengtn soeazmens, ancd not more than 0.015 m, Creater than the
ne center for 8-in. cage length soecmens.
sz 2—I is deswrable. if possible. tc make the length of the gns secuzn grbal enocugh to gllow the Spacimen 0 exienc INI0 NE IIDS & SISI2NTe 2Cu2! 10 (WO IRIrCs
-re o' the length of the cnps.
17z 3=The 2n2s of the spesinen shall be symmataca: with 1he Senter ine OF tne recuced secuon within C.035 5, 127 saecmens 1, 4. 2ns 8. ans 5100 tor specimens

<=Tgr oirouiar seCMents, tNe Cress-Sesliona: arez mav D2 CaISw2ies oy MUty Woase T
. INE @D USING IS Menod 10 SAICUIEIE NE ST2Is-520U00a 2reE Mmav 2 ;aofec.m.—

gemmms me arez,

2o it m3y o megzo s

sl I—3SnzmTens vt GOW iess than £ SNowS ST De LSRC TIT SEIeTINENST TN 3
! —3zammiens win si0es Daralel IFOUSNOUT e 'ens are DerMIties 2xS
TETHE 2TE STOViSeC IO erMInanon ©f @ISNTENIN! 202 1T WREN vIRT srengtt =
1722 OF 1253 han 2W trom e e:ge of tne gnoming cev::e. Mz {ensue Droleties QslanTunes af-HN
' 7™M reSUTEMEeNnTs So2eciied. no furtner iesing s requred, DU « they 2r2 IBSS {NEN e MINIMUMm recuIreTEnTs, CIST2TC INE 1287 ans reiest,

IV NDL o2 taoEsSsniELvE I

FIG. 12 Tension Test Specimens for Large-Diameter Tubuiar Products

Cimensions
Spemen 1 Spemmen 2 Spezmen 3
in. in, in.
G—Llength of parallel section Shall be egual to or greater than giameter O
i N D—Diameter 0500 =0.010 07530 =0.0153 1.25=0.02
"G. 14 Lpeation of Transverse Tension Test Specimen in Ring R—Racus °: fillet, mun 11 1‘ 2‘
Cut from Tubular Products A—t:;gm of reducec secuon. 1% 1% 24
L—COver-all length, mmn 3Y. 4 5%
8—Length of end secuon. 1 1 1%
approxmmate
C—Diameter of end secson, ¥a 1V 174
approximate
E—Length of shoulkder. mn Ve Va Yhe
F—Diameter of Shoulder Yo = Veu e = Lia 1he = Vas

NoTe—The reduced section and shoulders (dimensions A. D. £, F, G, and R)
shali be as shown, but the ends may be of a1y form to fit the holders of the testing
machine m such a way mat the Icad can be axial. Commonly the encs are threaded
and have the dimensions 8 and C given above.

F1G. 15 Standard Tension Test Specimen for Cast lron
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Dimensions
in.
D—Diameter 54
R—~Radius of fitlet the
A—Length of redutad section 22
L—=Over-all length Va
B-—Length of end section 2
C—Diameter of end section EA
E—~Length ot fillet Ve

FIG. 17 Standard Tension Test Specimen for Malieable lron
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’ 1 F1G. 22 Stress-Strain Diagram for Determination of Yield
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Om=Specified Offset

1G. 21 Stress-Strain Diagram for Determination of Yield
Strength by the Offset Method
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FIG. 23 Stress-Strain Diagram Showing Yield Point
Corresponding with Top of Knee
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C | A | D |15-N30-Nj45-N| HV | HK | HB| G |KSiiwmn
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© 9 o =N [=% a o =} = 2] cEl| ©
(=] (=l Q = = =1 —_ = — [=] & -— -~
@ o | = 0| o | @ > x | @ o l~ni| =
80 |92.0{86.5/96.5{92.0{87.0{1865| — | ) ; L | —
79 |91.5{85.5/96.3{91.5{86.5|1787! — —_
78 |91.0184.5/96.0{91.0/85.5{1710( — —
.77 190.5184.0|95.8]90.5|64.5[1633] — -
76 190.0/83.0/95.5({90.0{83.5(1556] — g -
75 $189.5]182.5/95.3{89.0|82.5|1478{ — -
74 |89.0{81.5/95.0(88.5/81.5/1400f — -
73 188.5]81.0/94.8188.0|80.5;1323[ — | « P -
72 188.0180.0|94.587.0(79.5{1245| — | w w i —
71 187.0{79.5194.3/86.5]78.5]1160-— | © ol ~—
70 |ee.5{78.5(94.0{88 0| 77.5i1078} 972 | = = |953
69 |86.0178.0/93.5{85.0(75.5{1004] 9461 949
58 [85.6{76.9|93.2184.4[75.4{ 940/ 920§ | 945
67 |85.0/76.1]/92.9|83.6|74.2] 900| 895 942
66 |B84.5(75.4[/92.5)82.8|73.3( BES| B70i NA 938
65 {83.9{74.5/92.2!81.9|72.0| 832! 846 739 934
64 {83.4]73.8|91.8|81.1/71.0| 800| 822|722 930
63 |B2.8173.0191.4/80.1/69.9] 772! 799 706 926
62 182.3(722{91.1{79.3|68.8| 746( 776 | 6B8 | 1922
61 ,81.8|71.5{90.7|78.4187.7| 720| 754 [ 670 917
60 181.2170.7190.2|77.5|e56.6| 697 732) 654 NA 813
59 180.7/69.9|89.8{76.5|65.5| 674] 710 { 634 351 | 509
58 |80.1]69.2|89.3|75.7164.3] 6531 620 615 333 904
57 179.6168.5/88.9|74.8/63.2| 633 670 595 3251900
56 179.0!67.7188.3173.9|62.0] €13! 650 | 577 | 1313 896
s5 i78.5i66.9187.9{73.0/659.81 £85i 63C ssok : 301 (891
34 (78.0i66.1187.4|72.G(58.8] 577 612|543 {092 857
53 qn-:kss.u 85.9{71.2158.6] 560({ 594 | 525 | ; 28318383
32 i75.8164.6|86.4]70.2|27.4( 544] 576} 512! 12731879
51 176.3163.8/85.9169.4/£5.1] 528! 558 | 496 | i 2641874
50 |75.9/63.11B5.5/68.51£5.0! 513) 542 481 j 2551870
49 |75.2162.1185.0157.61£3.8| 498| 526 | 453 { 246 865
48 {74.7161.4]64.5{66.71£2.5| «a4! 510 455 | 2381861
47 174.1160.8183.9]65.81£1.4] 471] 4851 443 12291855
46 |73.6{6G.0183.5(64.8150.3( 458( 48G | 432 2211851
45 i73.1(59.2:83.0[64.0129.0! 246| 466 | 421 2151847
44 [72.6158.5!182.5/63.1}47.8| 234] 4521 408 | 208§ 832
43 |72.0157.7:182.0162.2146.7| 423] 438 | 400 |201:337
42 |71.5/56.9]81.5{61.3{45.5| 412| 426 390 | 194832
41 {70.8]56.2 80.9[60.4(44.3! 402[ 414 | 383 118381 827
40 [70.455.4:30.4159.5143.1) 392 402 371 P 1821822
33 '69.9/54.6173.9/58.6)41.9! 3a2] 391 |3s2! | i177!8i7
38 [G9.4({53.8(79.4]57.7]40.8! =72{ 380 353 171{512
37 |68.9(53.1(78.8156.8139.6] 363! 370/ 344 1661 807
| 36 168.4152.3(78.3[55.9/38.4] 354l 360 336 | 1611 802
35 |{67.9151.5|77.7155.0| 27.2[ 345: 351 327 1564798
34 |67.4|50.8|77.2{54.2:35.1| 336| 342§ 319 1521793
33 [66.8|50.0)76.6(53.3124.9] 327] 334 | 311 149|788
32 [66.3/49.2(76.1|52.1133.7} 318! 326 ] 301 1461783
31 |65.8|48.4/75.6(51.3132.5| 310 3181294 NA | 1411778
30 |65.3|47.7|75.0/50.4131.3| 302! 311) 286{92.01 1381773
29 |64.6[47.0(74.5]49.5]30.1] 294| 304 | 279191.0! 135] 768
28 |64.3(46.1|73.9(48.6{28.9) 285 297 | 271]90.0] 1311 762
27 |63.8(45.2173.3]47.7127.8] 279| 290 | 264 | 89.0] 128] 757
25 |63.3|44.6|72.8146.8|26.7| 272| 284 | 258 (BB.0| 125} 751
25 [62.8143.8|72.21459|25.5| 266| 278 | 253 {87.0| 123|746
24 |62.4{43.1(71.6{45.0{24.3| 260) 272247 | 86.0] 119{ 741
23 |62.0|42.1171.0]44.0123.1| 254{ 266 | 243 | B4.5!| 117{ 736
22 |61.5/41.6{70.5143.2122.0] 248! 261{237|83.5{ 115{730
21 161.0]140.9169.9{42.3120.7] 243] 256 | 231 |82.5{ 112|725
20 160.5|40.1169.4(41.5{19.6] 238/ 2511226(&81.0{ 1101720

Although conversion tables dealing with hardness can ooly

be approximate, it is of considerable value to be abie to
compare ditferent hardness scales. This lable is based on the
assumption that the metai tested 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
material during the test, and this in turn depends on the
degree of previous cold working of the material. The B-scale
relationships in the table are based largely on annealed
melals for the low values and cold worked metals for the
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o 5‘82 9 ‘| §0.4! 33. 78.0' 42'3 1311104 | 117 tables. Neither do cold-worked metals of tow B-scale
£391250181.8(89.7:37 77.5141.8] 129! 102! 116 hardness such as aluminum and the softer ailoys. Special
B e correlations are needed for more exact relationshios in these
9341235‘81 4% 220136, ;s'g!:‘l'g }%7 1g; “4; Ha cases. Ail values are consistenl with ASTM E-140 Tables 1
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91.7112.0' 8O. 5157 0]33. 74.0| 402 122 96108 Standards Laboratory.
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