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I.- Clasificacion de los materiales

Los materiales se clasifican basicamente en cuatro clases:

a).- Ferrosos:
Aceros: Ordinarios
Aleados

Fundiciones: Grises: Nodular; Ferritico
Perlitico

Blancas: H. Martensiticos
Aleaciones especiales

b).- No-Ferrosos:
Cobre y sus aleaciones
Aluminio y sus aleaciones
Niquel, Cromo, Estafio, etc.

c).- Organicos:
Madera
Polimeros
Elastomeros

d).- Inorganicos
Fibras compuestas
Ceramicos
Vidrios
Minerales

SERGIO ZARA |
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F.LM.E.UAN.L. PRUEBAS MECANICAS DE

LOS MATERIALES

I1.- Estructura de los materiales

Metdles. -

Para los metales su estructura estd compuesta por agrupamiento de atomos.
Estados de la materia en la obtencion de un metal:

*Solidos
*Liquidos
*(3aseo0sos

[l Tipos de entace.-
f *Enlace idnico
*Enlace metalico
*Enlace covalente
*Enlace Vander-Walls
*Puente de hidrogeno

La Red o Estructura Cristalina se define como la agrupacion de atomos en forma ordenada
denominadas celdillas especiales.

Caracteristicas de la Red.-
*Sus longitudes
*Sus angulos

.......... r"'
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Existen siete sistemas cristalinos; los cuales son mencionados a continuacion:

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

2.- Triclinico
a) Simple

3.- Hexagonal
a) Con extremos centrados

4 .- Romboédrico
a) Simple

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

6.- Tetragonal
a) Simple
b) Cuerpo centrado

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

SERGIO ZARAJH
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Los sistemas de cristalizaciéon mas comines son:

Cuabico *
Hexagonal *
Tetragonal
Ortorrombico
Romboédrico

Defectos o imperfecciones del cristal.-

-- Vacancias
-- Intersticios
-- Dislocaciones (Borde y Helicoidales)

Se define Polimorfismo o Alotropia cuando el material se presenta en varias formas.

* En metales

SERGIO ZARA[|
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REDES ESPACIALES O TIPOS DE ESTRUCTURAS CRISTALINAS
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Los slete sistemas de estructura cristaling yias 14 redes de Bravals.
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Estructura de los polimeros.-

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

Ejemplo.-

Unidadas repellivgs ¥ propiedades porg letmoplésiicos lipicot qua lienea estructuas de
cadena complicadas

Afidula
Revistencin o
& le temissn casticidad
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H H H
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Pulidier -—— =00 —C—O0—C—0O—~ 9.500-12.000
{zcceal) i | i.
H H H

Poliéster 8.000-10.500
(dazrén) ;

110130

Celulosa
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Peolimeros.-

Caracteristicas generales de los polimeros.-
* Ligeros
* Resistentes a la corrosion
* Aislantes eléctricos
* Baja resistencia a la tension

* No pueden ser usados en temperaturas altas
* Muy practicos para manejar

Clasificacion de los polimeros.-

Segin su mecanismo de polimerizacion.-

a) Polimeros por adicion: son cadenas formadas por el enlace covalente de las moléculas.

b) Polimeros por condensacion: se producen cuando se unen dos o mas tipos de moléculas
mediante una reacciéon quimica que libera agua.

Segun su estructura.-

a) Polimeros lineales: son cadenas largas de moléculas, las cuales son formadas por una
reaccion de adicion o de condensacion.

b) Polimeros de red: son estructuras reticulares tridimensional producidos mediante un
proceso de enlaces cruzados que implica una reaccion de adicidén condensacion.

Segin su comportamiento.-

a) Polimeros termoplasticos: Son polimeros de estructura linea, que se comportan de

manera plastica a elevadas temperaturas, y pueden ser conformados a temperaturas elevadas,
enfriados y luego recalentados y conformados.

SERGIO ZA
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b) Polimeros termoestables o termofijos: son de red o de estructura tridimenstonal
reticulado, por lo que se consideran rigidos y no se ablandan cuando se calientan; se forman por
reaccion de condensacion; no se pueden reprocesar debido a que parte de las moléculas salen del
material.

Segun su grado de polimerizacion.-

a) Homopolimeros (un solo material)
b) Copolimeros (dos o mas tipos)

c) Oligopolimeros (pocos mondémeras)
d) Polimeros

Segun su naturaleza.-

a) Naturales (lino, seda, asbesto, celulosa)

b) Artificiales o sintéticos (rayon, nitrto de celulosa)
c) Por su origen

d) Vegetales (algodén, celulosa, etc.)

e) Animales

f) Minerales (asbestos, fibra de vidrio)

SERGIO ZARA}]
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Polimeros inorgéanicos.-

Son macromoléculas que se constituyen de cadenas que no contienen atomos de carbono.
Clasificacion de los polimeros inorganicos:

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

* Artificiales:
Fibras de vidrio
silicones

Elastémeros.-

Se define como elastomero (caucho o hules) a una cadena polimerica que se encuentra
enrrollada debido al arreglo cis de los enlaces, por lo que al aplicarse una fuerza se alarga al
desentrollarse las cadenas lineales, deslizandose unas sobre otras y provocando una combinacion
de deformacion plastica y elastica. Tienen un comportamiento intermedio vy la capacidad de
deformarse elasticamente en alto grado sin cambiar de forma.

SILICON

SERGIO ZARA}}
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LOS MATERIALES

111.- Propiedades v caracteristicas mecanicas en los materiales

Basandonos en un ensaye estatico de tension y su grafica de comportamiento esfuerzo vs
deformacién unitaria, obtendremos las siguientes caracteristicas y propiedades basicas en los
materiales:

* Resistencia mecanica

* Ductilidad

* Rigidez

* Resilencia

* Tenacidad

* Estandares de probetas
* Velocidad de ensayo

* Textura de grano

* Tipos de fallas

Se define como resilencia mecanica a la oposicion que ofrece el material a traves de su
fuerza interna (molecular) a la fuerza o carga aplicada.

La resilencia mecanica se mide a traves de;

1.- Limite proporcional (GL.P.).- Es el mayor esfuerzo que un material es capaz de
desarrollar sin perder la proporcionalidad entre esfuerzo y deformacion; es decir,
que representara el Gitimo punto en la pendiente de la grafica;, cumpliendo con la
Ley de Hooke.

2.- Limite elastico (OL.E.).- Es el mayor esfuerzo que un material es capaz de
desarrollar sin que ocurra la deformacion permanente al retirar el esfuerzo, la
determinacidn de éste limite elastico no es practico y rara vez se realiza.

3.- Resistencia a la cedencia (OY P.).- Es el esfuerzo al cual ocurre un aumento de
deformacion para cero incremento de esfuerzo.

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

13
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4 - Resistencia maxima (OMax.).- Es el efuerzo 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 reduccion de area en materiales ductiles).

5.- Esfuerzo de ruptura (GRop.).- Es el esfuerzo nominal al ocurnir falla y se
obtiene dividiendo la carga decreciente registrada en la caratula o pantaila de la
maquina y el area inicial de la probeta.

6.- Esfuerzo de ruptura real o verdadero (ORopR.).- Es el esfuerze nominal al
ocurrir la falla y se obtiene dividiendo la carga entre el area real, la cual disminuye
conforme se aplica la carga.

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

SERGIO ZARALJj
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Obtencion del punto de cedencia.-

El punto de cedencia esta definido 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 oscilacion de la aguja en la caratula de la lectura de carga o del canal en el display de carga,
se puede detectar dicho punto en la Maquina Universal.

Al método para determinar el punto de cedencia se le conoce como el método "Offset" o
de "Desplazamiento”. El método consiste en trazar una linea recta paralela a la pendiente de la
grafica a partir de un valor de deformacion unitaria de 0.001, 0.002, 0.003 in/in.; que representara
0.1%, 0.2%, y 0.3% de deformacion unitaria respectivamente. El valor mas usual es el de 0.2%.

PENDIENTE DE LA
GRAFICA

RESISTENCIA
ALA
CEDENCIA

LINEA PARALELAALA
PENDIENTE DE LA
GRAFICA

SERGIO ZA
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Zonas en la Grafica de Esfuerzo VS Deformacion.-

Existen tres zonas dentro del grafico de Esfuerzo VS Deformacion, las cuales se
mencionan a continuacion:

1* Zona (Zona Elastica).- Se considera desde el origen hasta el punto limite proporcional.
Se emplea en el disefio de elementos de maquinas y esructuras.

2" Zona (Zona Plastica).- Esta zona esta considerada desde el punto de cedencia hasta el
punto de esfuerzo maximo.

La lectura de esta zona es de vital importancia cuando se le esta dando forma al material;
como por gjemplo, en los procesos de mecanizado (torneado, troquelado, doblado, extruido, etc ),
en los laminados (en caliente o en frio). Esta zona se divide en:

*Zona de cedencia
*Zona de endurecimiento por deformacion.

3° Zona (Zona Hiperplastica).- Se considera en algunos materiales desde el punto de
esfuerzo maximo, hasta el punto de roptura aparente.

Esta zona es muy utilizada en el disefio de elementos de maquinas, productos y estructuras
que deben absorver grandes cantidades de energia mecénica (energia cinética o potencial).

O

LIMITE
PROPORCIONAL,

ZONA PLASTICA
ZONA HIPERPLASTICA

. SERGIO ZARA |}
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LOS MATERIALES
Ductilidad y Fragilidad.-
La Ductilidad es la propiedad de los materiales de deformarse en grande.
Por lo contrario, ia Fragilidad es la propiedad que tienen los materiales de no presentar
deformacion macroscopica.
Estas dos propiedades son medidas en :

-- Para el ensayo de tensidn a través de:

a) % de Elongacion - Se obtiene midiendo la longitud inicial (Lo) vy a final (Lf) de
la probeta y luego sustituyendo en la siguiente ecuacion:

% de Elong. = (Lf- Lo) /Lo x 100
b) % de reduccién de Area.- Se obtiene midiendo el diametro inicial y final de la
probeta, calculando el irea respectiva y sustituyendo en la siguiente ecuacion

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

-- Para el ensayo de compresion a través de:

a) % de aumento de area.- Se obtiene midiendo los diametros inicial y final,
calculando el area respectiva y sustituyendo en la sigutente ecuacion:

% de Aumento de Area = (Af- Ao)/ Ao x 100
b) % de reduccion longitud .- Se obtiene midienndo la longitud inicial y final de la
probeta y sustituyendo en la siguiente ecuacion:

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

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

PRUEBAS MECANICAS DE
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Rigidez.-

Es el esfuerzo requerido para producir una deformacion dada.

Se mide a traves de la obtencion del modulo de elasticidad para carga axial (E) y representa
la tangente de la pendiente en la grafica Esfuerzo VS Deformacién, éste modulo se puede obtener
considerando dos puntos sobre la pendiente y realizando un triangulo como se muestra en la
siguiente figura;

E=Tg ©® = Ac/Ac = (62 —01)/ (2 —€1) (GPa, Lb/in2, Kg/cm2)
O

SERGIO ZARA|f




iF.I.M.E..UAN.L. PRUEBAS MEGANICAS DE

LOS MATERIALES

MATERIAL MODULO ELASTICO (E)
E6 (Kg/cm?2) (GPa) E6 (Lb/Lb2)
Acero ordinario 2.10 200 30
Aluminio 0.71 70 10
Laton 0.98 100 11
Hierro colado 1.05 120 11.6
adera 0.09 183 1.2
Concreto 0.25 500 3.5
[Plastico 0.56 116 0.8

Valores promedios del modulo de elasticidad de algunos materiales.

Resilencia estatica.-

Es la propiedad que tienen los materiales de absorver energia hasta su limite proporcional o
elastico (energia elastica).
También se le conoce como medida de la resistencia a la energia elastica.

La Resilencia Elastica Unitaria (R.E.U.) o modulo de resilencia es la energia almacenada

por unidad de volumen en limite elastico o proporcional; y representa el area (A1) bajo la
pendiente de la grafica Esfuerzo VS Deformacion mostrada en la siguiente figura:

RN

REU. = Al = ELP.XOLP. = Kg-om
2 em3

O
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REU. = Al = (OLe. / 2)ELr. (kg - cm/cm3)

Volumen Inicial (Vo) = Ao x Lo (cm3)

Resilencia Elistica Total (RET) = REU x Vo

RET = (OwLr. / 2) ELr. x Vo (kg - em)

L.P. = Limite Proporcional

Tenacidad.-

Se define como la propiedad que tienen {os materiales de absorver energia hasta el punto
de roptura (también conocida como energia plastica).

Representa el area total bajo la grafica Esfuerzo VS Deformacion, ésta se puede medir a
través de seccionar el area en areas regulares y sumarlas, o con el planimetro, el cual es un
instrumento para determinar el area de una grafica.

El valor asi obtenido sera la Tenacidad unitaria.

Tenacidad Unitaria (TU) = Area Total

TU = (OmMax + Ov.p) Emax [/ 2 (kg -cm /em3)

Volumen inicial (Vo) = Ao x Lo (cm3)

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

Y .P. (Yield Point): Punto de cedencia.
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Estandar de probetas para pruebas de tension.-
La seccion transversal de las probetas que son utilizadas en los ensayos de tension, pueden
ser de diferentes formas: redonda, rectangular o irregular, segun sea el caso.

Las formas deimensionales de las probetas 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 adimentos de
sujeccion.

El tramo de calibracion es el marcado segun el estandar, sobre el cual se miden las lecturas

de longitud final y diametro final los extremos de las probetas redondas, y rectangulares, pueden
ser simples, cabeceados o roscados, los extremos simples deben ser largos para adaptarse algun
tipo de mordaza cuneiforme o plana.

Una probeta debe ser simétrica con respecto a un eje longitudinal a lo largo de su longitud
para evitar la flexion durante la aplicacion de la carga, la longitud de la seccion reducida depende
de la clase de material y de las mediciones que se tomen.

SERGIO ZARAM
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Falla de un
material fragil

(a)

(a)

Falla de un

material daetil
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Mota:
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|_
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| (para adelgazamients)

e

+C.800 2 CCCC

Tr mo d .
N ; (para adelgazamiento)

calibracidn
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[}

l«—— 2" min. ——'-1

Seccidn reducida
Tramo
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l—z"+0 005

Nota: -
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la seccidn reducida has-jg

>t

]
o

s Sl

ta el tramo central.
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+0.010"

W+0.000"
2 0.005"

(véase nota) Radto, 0.5" min

-
-+
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\

Gruzso del material

(b) Probeta rectangular estindar con tramo de calibracién de 2
plg para ensaye de metales en forma de placa, lamina,
con gruesg de 0.005 a 5/8 pla.

Seccidn paralelz
-no menor de 9 plg —
El grueso central se puede adelgazar has-
ta 0.015 plg menos gque los extremos

o ©
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L
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con gruesos de 3/16 plg o mas.

etc..

o o Aproximadamente?"

Grueso del
materiaf

SERGIO ZARA |



r

IF.LM.E-JANL. PRUEBAS MECANICAS DE
LOS MATERIALES

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

Velocidad en ensayos de tensidon.-

La velocidad de los ensayos a tension sera aguelfa que permita las lecturas de cargay
deformacion o las que recomienden los estandares de la ASTM, ASME o alguna otra asociacidn
para este fin. Para el tipo de material a ensayar, un ejemplo de velocidades del cabezal movil serian
desde 0.01 a 0.05 plg/min y una maxima velocidad de carga seria 100 kips/plg2-min, se sugiere
detectar la cedencia en metales segin ASTM 8.

Textura de grano y tipo de fractura.-

Las fracturas se pueden clasificar en cuanto a forma, textura y color. Los tipos de fracturas
m4as comunes son cono-crater, parcialmente cono y crater, planas e irregulares y las que pueden
definirse al momento de la fractura del espécimen. Los de textura son: sedosa, grano fino, grano
grueso, granular fibrosa, estillable, cristalina, vidriosa, mate y las que pueden determinarse al
inspeccionar la seccidn transversal de la pieza.

(c)
Parcial- *Fractura

mentz de ;
cons, - estrella’’ {prodeta Plana)

ter y sedosa
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PRUEBAS MECANICAS DE
LOS MATERIALES

MATERIAL DE
ENSAYE

REFIRENCIA
DE LA
A S TAL

MANIMA VELGCIDAD DEL PULENTE

VELOCIDA DE
APLICACION

DE CARGA

A LA CEDENCIA

A LA RESISTENCIA
MAXNIMA O ULTIMA

MATERIALLES
METALICQOS
PRODUCTOS DE
ACERO

TRAMO DE
CALIBRACION DE
0.062 Plg / min
1. 57 mm / min

TRAMOQDE
CALIBRACION DE
0.5 Plg / min
12 .7 mm/ min

MAXIMO DE
100 KIPS/Pig® A
LA CEDENCIA

HIERRO FUNDIDO
GRIS

. 062 plg/ min
1. 57 mm / min

0.125 plg/ min

( 3.125 mm / wmin )
O

15 kips / plg’

VELOCIDAD DE LAS MORDAZAS

PLASTICOS

0.05 Plg/ min
1.27 nun /mnin *

0.20 a 0. 25 ple /min
5.08 2 6.35 mm /min

HULE DURO

2.9 a
3.1 b/ see

HULE SUAVE
VULCANIZADO

MADERA

PARALELA AL
GRANO OFIBRA

¢.05 plg/ min
1.27 mm / min

PERPENDICULAR
AL GRANQO
FIBRA

0.10 plg/ min
2.54 mm / min

CONCRETO

C 190

600 125 1b /min

TABLA DE VELOCIDADES PARA EL ENSAYO DE TENSION RECOMEDADAS POR LA AS. T.M.

SERGIO ZARA |-



IFLME.UANL. PRUEBAS MECANICAS DE

LOS MATERIALES

I1V.- Miquinas para Pruebas Mecanicas, Accesorios e
Instrumentos de medicion

Maquinas de pruebas mecanicas.-

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

Magquina Universal de Pruebas

Maquina de Dureza Rockwell

Magquina de Dureza Brinel

Maquina de Ductilidad en la Mina Metalica
Maquina de Torsion

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 algin producto, por lo comiim se tiene que hacer o disefiar el
aditamento correspondiente. O en su caso lo que sugiera la norma de ensaye.

Se anexan catalogos recientes de las diferentes empresas distribuidoras de equipo de
pruebas mecanicas.
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PRUEBAS MECANICAS DE
LOS MATERIALES

i F.L.LM.E.-U.A.N.L.

Instrumentos de medicion.-

Los instrumentos de medicidn que se requieren para obtener los datos iniciales sobre el
especimen o muestra a probar son:

Calibrador para lecturas de dimenstones lineales de tipo:
- Vernier.
- De caratula.
- Digitales.

Cinta métrica o flexometro.
Calibrador de tipo micrometro para lectura de espesores interiores y exteriores.

Extensometro para la medicién de desplazamientos lineales de:
- Caratula.
- Digitales.

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

Medidor de deformacion eléctrico.
Para colocarlo directamente sobre el material y detectar a traves del
graficador o en pantalla del monitor de la microcomputadora.

Planimetro.
Para la obtencion de las areas de la grafica de Esfuerzo VS Deformacion
para determinar la resilencia y tenacidad; y pueden ser del tipo:
1.- Mecanico.
2.- De caratula.
3.- Digital.

Nota: Todos los instrumentos de medicién deben estar en buen estado, calibrados y
certificados para su uso; al igual que si tienen caducidad, verificar su reposicion, ya que influyen en
los resultados de las caracteristicas dimensionales de la pieza o especimen, al igual que en las
propiedades y cracteristicas mecéanicas del material o producto.

SERGIO ZARA |}
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Dhmerisaons, mm
Siancarc Soeamens Subsize Specmen
Nominal Widin Pate-Type Sheet-Type & mm
= 40 mm 12,5 mm

F—Gage length (Notes 1 and 2) 200002 50.0 = 0.1 250 =01
S==Width (Notes J and 4) 4£40=20 125=02 6.0 = 0.1
V=~ Thickness (Note 5) tuikness of matenal

£=— Radius of fillet, mun (Note §) 25 125 6

L — Overall length, mun (Notes 2 and 7) 4590 200 100
i—Length of reduced section, min 225 57 32

2= Length of gnp section, min {Note B) 75 50 30
I—Wuih of gnp section, apprommale {Notes 4 and 9 50 20 10

KzTf 1~—For the 40-mm wige spebimen punch marks for measunng exdngabon atler lraclure snall be miz3de on the flal or o0 the ¢oge of the soearmen and wilfun {~
recuced section. Either @ set Of nune Of MoOre DUNch Marks 23 mm 2part. of o0e of More parrs of punch maxs 200 mm apan, may e usec,

NDtE 2—When elongation measurements of 43-mm wide speamens 78 NG reciAres. a MIWMUM N & recdces sachon (4) of 75 mmm may be used with all ctne
amensons similar 10 the plale-type specmen.

NZtE J—For the three sizes of speamens. the ends of the reduced secton shall not differ n wadtn by moe tnan 0 10, 0 05 or 0 02 mm, respectively. Alsc, there mar
De a gradual decrease 1N width from the encs 1o the center, DUt the wdtn 2t eash end shall nol De More Man 1 % larger than ine wiZth a1 the center,

NoTE &-—For each of the three sizes of spedmens. narower wiCtns (I a~a C) mav De used when necessary. In such cases the wicth of the reguced section shoult
se 2 large as e widih of the matenal being lested permuts. hawever. wruess swaied spectically, 1he requireents for elonganon in 2 procuct spearfication shall not 2o
when (NESe NaMower Specumens aré usad.

NDTE 5—The dimension T is the thickness of the 1est spetimen 2§ gecvided for i the 2opllanle maiena! syacficatons Miimum thickness of 40-mm wide Soecirnent
573 »¢ £ mm. Maximum thickness of 12.5mm and 6~-mMm wide soecymens sNak be 19 mm ang £ mm, resoestively.

\2tt §—For the 40-mm wioe Specimen. 8 13-mm Mickmum radius at 0w ends Of the reCused sechian s pe-muMea 1of slee! s32cimens unaer £33 MPa - te-sue sicamoe
whgs 2 profile cuTier 1S used (o Mmactune the reduced sSeCLon,

2t 7—To aid 1 optaving axial Icading gunng lestng of 6-mm wice $D2aMens, e overa enoi™ 5700

KITE Ge-lt1s cesiranle, f possIDie, 10 Make N8 ENTIN O° 118 €110 SECLON 12758 213027 1T 200w e s
—2°¢ O tne 1enCIn of the gnps. I the thickness =7 10 Z-MmM wige §OetU™ 20 1F 28T L 77 272 proe omz Zo~-aimsrmims s
nilegsary 10 prévent tanore s the anp sect:on ’

K27E 9—For the tnree Ssizes Of specimens, 178 eNcs 9° 178 SIeDMES $T& = S TI™2IIZT & aLci- 1 e T
mm. resdecnvely. However, 10r referee tesunzg anc wnan requires v roc .zt S5z LoTS I enne Gf

NaTE 10—5peomens with sides paraile! inyoRenou: the” lengin are CeThTeC exTali "J° re'pree (BSUSE 2'DASED (3} he ad0ve 10@7ANCes are USEd, (D) an adeguate
numoe® of marks are provided for determinanan of edNCalion and (€] wien el SUENTIN 1S celeThnes & Swiasie exiensometer 1s vsea W the raciure ocsurs 3 ¢
<3129C€ O less than 2V lrom 1he edge Of the grodng Cevice the lensde PAOPL Les deternunes may noi D2 tepresenizhve of the maienal In acceplance teshing o ¢
o'coenies meel the MinmMum requiremeants spel.hed NQ turther (eshng 15 regares. DUt o tNey are less Lhan wNe mMInMuMm reg.slemenss, discard the test ang retest

FIG. 1 Rectangular Tension Test Specimens

Wedge Grins Uooer Heac ot 8. Report

Testing Mcch ne

— L

8.1 Test informattion on maiznals not coversd
produci speciiicztion should be reporied n accordancs wnh
8.2 or both 8.2 and 8.3,

8.2 Test information to be reporned shall include the

RO

’
™~ Liners . Trickness Vanea 5 :
Accorcing to Specimen Thueh - following when applicable;
ness 1o Meep Wedje Grizs 8.2.1 Matenal and sample idenufication
Flal Specimegn — from Proteuding S3cve or = - 3 i * -
Below Meac of Testing 8.2.2 Specimen 1vpe (Section 6).
Machine

8.2 3 Yield sirength and the method used 10 determing
vield sirenegth {s22 7.4)
8.2.4 Yield point and the method used 10 determine vield
point {see 7.5).
8.2.5 Tensile strength (ses 7.6).
8.2.6 Elongation (repont both the onginal gage length and
the percentage increase) (sec 7.7).
8.2.7 Reducuon of area (sez 7.8).
2.3 Test information to be available on request shall
include:
8.3.1 Specimen 1est section dimension{s).
NOTE 36—The tensi 5 5 . . 8.3.2 Formula used to calculate cross-sectional arca of
i 26— ension specimen 18 inappropnate for asseising some : .
¥Du3 of imperfections in a material. Other methods and specimens specimens taken from large-diameter tubular p_roducts.
mploving ultrasonics, dve penetrants. radiography, etc. may be consid- 8.3.3 Speed and method used 1o determine speed of

ted when flaws such as cracks, Nakes, porosity, cic., are revealed during testing (see 7.3). _
tes1 and soundness is a condition of aceeprance. 8.3.4 Mcethod used for rounding of test results (see 7.9).

b

FIG. 2 Wedge Grips with Liners for Flat Specimens

7.10.3 The specimen’s properties were changed because of
poor machining practice,

7.10.4 The test procedure was incorrect,

7.10.5 The fracture was ouiside the gage length,

7.10.6 For elongation determinations, the fraciure was
utside the middle half of the gage length. or

7.10.7 There was a malfunction of the 1esting equipment.
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& Chmenssons, mm
- Stancgard Speamen Smab-Sze Speamens Proporuonal To Stanaarg
125 9 6 4 2.5

= Gage length 625 =03 450=01 300 =01 200 = 0.1 125=0
w Diameter {Nate 1) 125=02 G201 6.0 = 01 4.0 =01 25204
&~ Ragis ol fillet, min 10 B 6 4 2

= Length of reduced section, min (Note 2) 7 54 36 24 20

NaTL 1—The recuced section may have a gradual taper from the ends tawasd the center wath the ends NOt More than 1 % larger 10 diameter than the cenier (contrplrg
Pension),

Nove 2—If desired, the length of the reduced sectign may De nireased to actommodale an exiensomeler Of any convernuent gaoe length. Reference marxs for Te
rsuremen! of elongation shoulc, nevertheiess, be spaced 2t e ndated cage engl.

Note 3—The gage lengin and fllets shall be as shown, bul the ends may de of any o 10 it the hoigers of the tesung Maghine in such a way that the load may be
©l (see Fig S). If the ends are 10 be neld m wedge gnps it 1 desranie, d possidie, 1o Maxe the keng:n of the cnp secuon great enougn to alow the speaimen (0 extend
? the gnps a distance equal to twa thrds or mare of (Ne kength af the gngs

Note 4-—0n the rouna specimens in Figs. B ana 9, the gade lengins are equal 10 five trnes the nomunal dameter. In some product specficalons other specimens may
provided for, but the 3-10-1 ratc 15 maniained within dimensonal tolerances, the encanon values May Not be cornparasie with those oblaned from the standard les:
scimen.

Note 5—The use ol specimens smaiier than 6 mm N dameter shal be restnzted 10 c2ses when the matenal 10 be tested 15 of insutficient size 10 obtan largs
Kimens of when all parties agree 10 ther use lor 3CCeDiaNse teshing Smaller speCMens requue swildlie eQuIDment ang grealer sk Doth Macnining and 1eswng

B. 8 Standard 12.5-mm Round Tension Test Specimen with Gage Lengths Five Times the Diarmneters (5D), and Examples ol Small-Size
Specimens Proportional to the Stangard Specimen

R T I T T S et g S S O
_—— . - — — . ’L_‘_\:-'-/
—8-a Nate 2 T
L
-B & B '
e —_— b
P b
—_— —— N
Er—— G — -8 .
Cme~rsa-s. —m
: Specimen i Specmen 2 Cpecmmien 3 Specimen < Specimen §
«Gage lengtn 625 =01 €25=01 E25=01 £2.5 = 0.1 523 =01
Wiameter (Note 1) 12502 25=62 125=02 125=02 125=02
Ragius of hilet. min 10 Hi P4 10 10 i
Length of reduced secnon 75. min 75, mun 100, exproxamately 75, mn 75. min
{Overalt langth. appegximale 145 155 140 120 255
&ength of end secuion {Note 3) 35, aoprommately 25 approxsmately 20, aporoximartely 15, anproumately 75. min
Diameler of end section 20 20 20 22 20
fengih of shoulder and fillel E— 15 e 20 15
S4ClOn, approximale

Diameter of shoutder 15 15 15

D1E 1—The reduced section may have a gradual taper rom the ends loward the centef with the ends NOl More than 1 X larger M chameter than the center.

Dre 2—0n Specimens 1 and 2, any standard thread 1S penmuss.Die I provdes for proper aignment and ads 10 assunng that the specamen will break withm v
Ked secuon,

e 3—On Specrmen § 1t is deswabie, if possiie, 10 make the length of the Gnp Sechon Greal encugh 10 aliow the specimen 1o exlend into the gnos a distance equl
Fo thards or more Of the lengn of the gnps.

FIG. 9 Various Types of Ends for Stancdard Round Tension Test Specimens
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. 10 Squeezing Jig for Flattening Ends of Full-Size Tension?? NOTE—The Cameie" 5! ihe plug shall have a shght 1aper from the line miting
Test Specimens the leshing Mmachime 1zws 15 the curved seciion
FIG. 11 Metal Plugs for Testing Tubular Specimens, Proper
Locauon of Plugs in Specimen and of Specimen in Heads of Testing
Machine
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FIG, 12 Location {rom Which Longitudinal Tensicn Test
Specimens Are to Be Cut from Large-Diameter Tube

— — —
! Y . o 5o \
— —_— W — —— c — — —_— -—
T .
L i ; e oo L 1
| .
R |
i G “ R
Z Ovmensons. mm
Soecamen 1 Specimen 2 Soecimer 3
Nominal Whain
125 £0 40
Gage iength 500=01 500 =01 2000 =02
W (Note 1) 125=02 400=20 400 =20
Thcaness measures uckness af speamen
Radiwrs of Allet. mun 125 25 25
Lengin of reduced secuon. Mmun 60 60 230
Lengtn of gnp section, men (Note 2) 75 75 75
Watn of grip secuon, Approxsmate (Note J) 20 50 50

e 1—The ends of the reduced secuon shall not differ in width by more than 0.1 mm lor specamens 1, 2. and 3. There may be a gragual taper in wigth Irom the encs
t center, DUt the width at each end shall be not more than 1 X greater than the wacth at the cenler,

31e 23—t is geseabie, ¥ possibie. 10 Make T length of the nE 1eclon (real encuch 10 Akow the speamen 10 extend w10 The GNPS 4 distance equal to two thirds ot
o 1he length of the grips,

¥e J~—The ends of the specamen shall be symmetncal with The center bne of the reduced Secton within 1.0 mm for speamen 1 and 2.5 mm for speamens 2 and 3.
M 4~Speamens with sides paralel froughout thew length are permtied, excent 1or releree 1€5ung and where profubred by product specificaton, provided: (1) the
) tolerances are used; (5) an adequate number Of Marks are Proviced lor delermanaton of eknGabon: and (c) when yeld strength is delermned, & sutable
Bometer i3 used., if the fracture occurs at a dstance of kess than 2W trom the e0ge of the onppag Gence, the 1ensie properties detenmuned May NoOt be representative

;‘:“"T‘“- 1t the propertes meel the Munemum requarements SPEchied, No Arther Lestng & requered, but f ey Are kess AN the Muumum requirements. discard the
retest.

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



) =

4

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

Aomita Damater

G—Lengis 0! zaraus. -2 1T &° grEatet van cameer D

O—Diamaerer 220=C.4 30.0=C5
A=—Raaius of filet, min 25 50
A—Leng:n of reduced section. min as 60
L— Overall lengtn, min 109 160
8—Lengtn of end sechon. approx:mate 25 45
C—Dameter af enc secton. asproximate 30 48
E— Length of shoulder, min 1 8
F— Diamater of shoulder 160=04 260 =04 365=04

3

pre—The reduced section anc shoulders (dimensions & D. £.F. G. 2nd A) shall be 25 Shovn. Dut The encs may be of any torrm 1c fil the hotoers of the tesung maghine
th a way thal the Icad shatt De axal. Commanly the ends are trreaded and have tne canensions 2 anc C given anove.

FIG. 15 S51andard Tension Test Specimen for Cast Iron
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FIG. 16 Test Coupons for Castings (see Table 1 for Details of Design)
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| l E ! |
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L l : I I
R | e i
e

Oimensons. mm

O—Dwameter 16
R—FRadus of filet ]
A—tength of reguced section B4
L—Cveral fength 120
B—Length of end secuon 64
C—Dwameter of end secuon 20
E—Llengtn of filet s

FIG. 17 Standard Tension Test Specimen {or Malleable (ron
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255 vs Minimum Thickness Chart 55!Cyhndncal Correction Chart 53

Rockwell | Rockwell ' Cylindrical work corrections to be added to observed
Superticial i Regular ! Rockwell Number for Scales indicated
b Hardnass Scales | Hardness Scales ;
et an |otea | aam | SN L. A R Scales C, D, A
d scale 3D 30 I 4§ e, 80 100 150 8Brale Diamond Indenter
kgt kgt kqf - kgl kgt kgl Diameter of specimen — Inches (mm)
N Brale Brale Ob : | 4.4
i servedi 18 | 1/4 /8 112 5/8 3/4 718 1-1/4 1 1-1/2
s{mm) - Indenter : Indenter Reading ! (2.2)' 6.9 ! (10) | (13) ;16) ns) 22) | f25} | (32) ' (38)
| 2 - — - /- - 930 ! NA] 05, 0 | 0 | 0 | 0§ 0 e
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e A X, X 23 Scales B, F, G
. X X X X 20 1/16° Ball Indenter
Rockwell ; ARocxwell Diameter of specimen — inches (mm)
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stedon L 15T | 30T | 45T F Bl G 100 [ 35128 18] 15101008 NAT NA
scale 15 ] 30 “f-o45 60 | 100 150 30 i | 401 30 |20 sl 15 1510 ‘ |
kat kaf | kal kaf | kal kal 80 | o o e A R D P i
| 1116 Ball 116" Bail 16 I 5.01 a0l s0lzsl 2o 201 15 ] )
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[Ey < X X X 5 LR 0 e R RO S R S 0 0 | d )
- — iy Iy CAUT s 05 08505 0 0 . i
G Hetaness 70 i 20¢ 10| 1.0 I 05§ 0505|0505 } e
! g 5 i i
es are approximale only and this Znart 1s intengec gnimarnly 55 s 251 151101 0.5 L, 03 0.5 g2 0‘3 =
b 80 ; 30! 1.5/ 1.0 l 1.0 ' 1.0 [ 0.5 ] 05| 0.5 :
hinner than shown in this chart mav 2Je tested on the 23 i gg i gg }g | :g :g | ?g ?8 gg !
croharcness lester. The thickness 2! the specimen should be " e e P AR E ey
; limes the ciagonal of the incenialion wnen using ihe g j?; %g :'§ | }.0 I 1'3 | ;g :g ! }8 oo st
6°) diamonc dyramid ingenler, and at ieasi Y2 hmes the long ._g i g'g, 25 -,'8 i 1"; H :'0 i 10l 10l 10 fiis 7l
nen using the “noop incenter. > = 3' ] =8 : '5 -S : : : : —

] > F - . : g - o g R 320 - 554 .01 2.0 1:-85:1-T% 1.0 1.0 1.0 H {
N 0 IrRConSisient with AS Cohf SRS IR e 00 0 25 1 835] Y0 2015 15! 15] 15 | 19 I .
or Danc G-scaie values wnic 322930 'n ircentalion Hargress 25 o 39! 20 ! 15 151 1% Peadqey ¥ 1=y
Vincent £. Lvsagnt, I 1853 Wilscn insirurment Diision, Ac2o - CIL AN LA L < Sl As .

Scales 15-T, 30-T, 45-T
1/16° Ball Indenter
Diameter of specimen — inches (mm)
Cbserved; 1/8 | 1/4 | /8 | 172 | 58 | 314 | 78 ] 1 j1-1/4}1-12
Resaing | (3.2 ] (6.9 | (10){ (1) | (18) | (19) | 220 ! 21 | 32y | 138) |
90 151 1.0] 1.0 | 0.5 | 0.5| 05 | 0.5 | 0.5 | NA | NA
20 I Jol 2ol st il 1ol 107 10] 05 l e
70 SO S iolgt i sl 10| 101 10 29 5
50 BT AS a0 5 [ 20 ] 1.5 1.5 1.5 !
50 I 85| 55| 40|30 25| 20| 20| 1.5 |
10 100| 65| 451 35| 30| 25 (| 20| 2.0 L T
L At s i 25 t 20l 20 | | |
20 Ao 9urEn ] ast esl 3ol 20l 20l v ¢ 1

These corrections are approximate only and represent lhe averages, 10
the nearesl 172 Rockwell number, of numerous actual observations.
These values are consistent with ASTM E18 Tables 6, 7, 13 anc 14,

When testing cylindrical specimens, the accuracy of the test wil
te seriously allected by alignment ol elevating screw, Vee anvil,
ingenlers, surface fimish and the straighiness ol the cylinder.
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Dwnensions, mm ’ = '
Pressing Area = 645 mm?
G—Gage length 500 =041 NOTE—Dunensions specified, excepl G and T, are those of the die,
D— Chameter (see Nole) 64 =01 ——
A— Radws of filet, muin 75 Dimensions, mm
A= Length of reduced section, mn 60 G— Gage length 2540 =08
L= Overall length, mmn 230 O—— Whath at center 572+ 0.03
8— Distance batween gnps, mn 115 We—Wicth at and of reduced section 597 = 0.03
C— Dameter of end secton, asaroximate 10 T-— Compact to tus thuckness 3.56 to 6.235
A— Raaws of hillet 254
NoTe—The ¢ .
oTE educed secuon may have a gragual laper from (ne ends toware A— Hall4 of redusad ton 15.88
the center, with the ends not more than 0 1 mm larger N ciameler than the center. - 8 . ienggm 80.25 = 0.03
FIG. 18 Standard Tension Test Specimen for Die Castings L— Overall lengt 83.64 = 0.03
C— width of gnp secuon 8.71 = 0.03
F— Hat-wadth of gns secuon 434 =003
E— End ratius 4.34 £ 0.03

——

FIG. 19 Standard Flat Unmachined Tension Test Specimen for
Powder Metallurgy (P/M) Products
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Appronmate Pressing Area of Unmachined Compact = 752 mm*
Mazhiung Recommendauons

1. Rough macrune réduced section 10 8§ 35 mm ciameter

2. Fuush wn 4 7544 85 mm auameier waln rade and tas2r

3. Polish with 00 emery cicth

4. Lap wath crocus cioth

Dunensions, mm

G—Gage lkength 2540 =08
D—Dtameter at center ol reduced secoon 475 =002
H—Diameter at ends of gage length 485 =003
A—~Aadws of filet 6.35 = 0.13
A—Lenath of reduced secton 4763 =0.13
L —Jverai length (dre cawty length) 75, nomunal
8—Length of end secton 788 =013
C—Compact 10 tfrus end twikness 10.03 = 0.13
W-—Dhe cavity wxdth 10.03 = 0.08
E—Lengtn of shoulder 635 =0.13
F—Diameter of shouider 7.88 = 0.03
J—End fllet radius 1.27 = 013

Note 1—The gage length and fisels of the specmen shal be s shown, The
B8ncs 43 Shown Me dessgred 10 prowce 2 prachcal Mewnum pressing area, Other
end designs are accaplabie, and in soMme cases are requived for high-strength
sintered matenais,

Norte 2—1it is recommended that the test speamen be gripped with a spiit
coflet and supported unger the shausders. The radass of the cotiet support circutar
edge i (0 De not less than the end Bet radius of the test speamen.

Note 3—Diameters O and H are 10 be concentnic within 0.03 mm towal
inchcator runout (T1.AR.), and free of scratches and tool marks.

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



1.1 The precision and bias of tension test strength and
iility measurements depend on strict adherence to the
ed test procedure and are influenced by instrumental and
erial factors, specimen preparation, and measurement/
ing €ITOrs. 3

(1.2 The consistency of agreement for repeated tests of
same material is dependent on the homogeneity of the
erial, and the repeatability of specimen preparation, test
ditions, and measurements of the tension test parame-

1.3 Instrumental factors “that can affect test results
ude: the stiffness, damping capacity, natural frequency,
mass of the tensile test machine, the accuracy of loading
the use of loads within the verified range for the
hine, speed of loading, alignment of the test spcc:mcn
the applied load, parallelness of the grips, grip pressure,

re of the load control used, appropriateness and calibra-
of extensometers used, and so forth.

1.4 Material factors that can affect test results include:
esentativeness and homogeneity of the test matenal.
pling scheme, and specimen preparation (surtace finish.
ensional accuracy, fillets at the 2nds oi the c2g2 isngin.
rin the gage length, bent specimens. thread guaiity. and
orth).

1.4.1 Some materials are very sensitive to the quality of
surface finish of the test specimen (see Note 11) and must
ground to a fine finish, or polished to obtain correct
Its.

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

1.4.3 Test specimens taken from appendages to the part
“tomponent, such as prolongs or risers, or from separately
‘Muced castings (for example, keel blocks) may produce
1 results that are not representative of the part or compo-
g

1.4.4 Test specimen size can influence test results. For
ndrical specimens, changing the test specimen size gener-
has a negligible effect on the yield and tensile strength
may influence the yield point, if one is present, and will
ence the elongation and reduction of area values. In
ral, increasing the specimen size reduces the % elonga-
and % reduction in area, although some studies have
no effect, or the opposite effect. For rectangular
ile test specimens, increasing the width or thickness
Jerally increases the % elongation and decreases the %
Ction in area.

1.4.5 Use of a taper in the gage length, up to the allowed
limit, can result in lower elongation values. Reductions
much as 15 % have been reported for a 1 % taper.
1.4.6 Some materials are highly strain-rate sensitive.
nges in the strain rate can affect the yield strength and
Ration values, especially for strain-rate sensitive mate-

APPENDIX
(Nonmandatory Information)

s X1. FACTORS AFFECTING TENSION TEST RESULTS

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

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

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

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

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

X1.5.2 Materials with anisotropic flow characteristics
may exhibit non-circular cross sections after fracture and
measurement pracision may be zffacted, 2¢ 2 reguit fgae Wote
22y

A Ame—pes =
TS . ee= B T

5 e b i
SUSISD 10 SORSTEIDL GRNNE s=srmznon 2ng s MpinELy
fiz! sumjaces rnay be paraboilic in snaps afier 1esiing which
will affect the precision of final cross-sectional area measure-
ments (see Note 25).

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

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

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

X1.6.1 An interlaboratory test program® was conducted
where six specimens each, of six different materials were
prepared and tested by each of six different laboratories.
Tables 2.1 10 2.6 present the precision statistics, as defined in
Practice E 691, for: tensile strength, 0.02 % vield strength,
0.2 % yield strength, % elongation in 4D, and % reduction in
area. In each table, the first column lists the six materials
tested, the second column lists the average of the average
results obtained by the laboratories, the third and fifth
columns list the repeatability and reproducibility standard
deviations, the fourth and sixth columns list the coefficients
of variation for these standard deviations, and the seventh

- e




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

1 1.6.2 The averages (below columns four and six in each
¢] of the coefficients of vanation permit a relauve
nparison of the repeatability (within-laboratery precision)
! reproducibility (between-laboratory precision) of the
mion 1est parameters. This shows that the duculity mea-
l'ments exhibit less repeatability and reproducibility than
| stiength measurements. The overall ranking from the
M to the most repeatable and reproducible is: % elonga-
hin 3D, % reduction in area, 0.02 % offset vield strength,
1"t offset vield sirength. and tensile strength. Note that the
hings are in the same order for the repeatability and

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

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

TABLE X1.1 Precisioa Statistics—Tensile Strength, MPa

e

Iaienal X 5, X5 Su e & r R
ne 177.5 0.63 245 0€3 2.45 1.76 1.76
-TI51 4929 0.88 1.24 0.96 1.34 R 2.47 268
WAI0S 598.8 0.60 070 127 146 1.68 3.55
hé . 6969 0.39 ¢a9 121 1.20 1.09 3.39
# 600 688.1 0.42 043 0.72 0.72 119 2.02
51410 1257.0 g.48 02s 1.34 D63 129 a.2o
. Averages: 091 1.30
it X 13 the average of the cell averages, that s, the grand mean for the test parameter,

# Ine repastability standard deviation {within-laboratory precison). ’
¥ 15 tne coetficient of vanauon n %,

§ 178 reproducibility standard deviation (berween-laboratory poec:ssan).

¥ s the coethicent of vanaton, %.

2 0% % repeatabdty Lmits,

§:e €3 % reomozumDiiv kms

TAELE Xt.I  =recision Siavsucs—_ L2 7 VYiere Sirengin. MFPa

LM A Y, £l 80X % Sa SaiX % 4 Y

¢ 111.8 0.€5 3oy 1.9 7.35 1.81 23

T51 3:5.4 0.84 1.64 0g9 5.73 2.35 2.49

£105 £12.7 1.20 202 189 318 3.37 in

B 336.3 2.39 191 <61 028 5.68 12.91

600 2580 0.46 1.18 076 195 1.28 2.13

B0 725.5 240 2298 as7 302 6.73 8.88

Averages: 267 L1

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

!lem! X s, /X % S salX. & r A
1558 0 047 206 0 48 207 1.33 133
$1 2641 0.74 141 079 1.¢9 2.08 220
105 403.7 0.83 142 144 2.27 2.31 403
481.6 D.94 125 2.33 4.07 2.63 7.93
00 269.1 0.36 023 045 218 1.0 2.37
50 670.7 129 092 2.30 164 3.60 6.45
Averages: 1.35 232




TABLE X1.4 Precision Statistics—=< Elongation in 5D

Matenal X s, 5/X, % S /X, % r R
ECH18 14.61 0.59 4.03 0.66 4.52 1.65 1.85
2024-T3a5 18.04 0.64 357 1.72 9.53 1.81 4.8
ASTM A105 25.63 0.77 299 130 5086 215 3.63
AlS1 316 3593 an 1.98 268 7.45 2.00 7.48
Inconel 600 41.58 0.67 1.61 1.60 386 1.88 4.49
SAE 51410 12.39 0.45 361 0.96 7.75 1.25 2.69

Averages: 2597 6.26
NoTeE A1—Length ol reduced secuon = 60, )
TABLE X1.5 Precision Statistics—% Reduction in Area

Matenat X s, 5./X. % 5a /X, % r R
EC-H19 79.14 1.94 2 45 2.c2 2.56 5.44 5.67
2024-T251 30.31 2.07 682 3.58 11.80 5.79 10.01
ASTM A105 65.59 0.04 1.28 1.26 1.92 2.35 3.53
AISI 316 71.49 0.gg 1.39 1.61 2.25 2.78 4.50
Inconel 600 59.34 0.67 1.14 0.70 1.18 1.89 1.97
SAE 51410 50.49 186 JEq 395 781 521 11.05

Averages: 282 4.59

The American Society for Testing and Materials (akes no pasmon respacting the vahdity of &0y pateri tigh!s assened in connetlion
with any item mentioned in this stancard. Users of this siandarg are expressly advised thal Oetermunahon of the vaidny of any such
patent rignts, and the risk of infringement of Such rgius, are enlirely ther own responsibilry.

This siancard is subiec! 0 revision 2! any hume Dy (he responsidble techmical comumrTee and must be reviewed every five years and
if no: revised, either reaoprovec Or withdrawn, Your Commen!s are mnvited enher for revision of s stancars or 1or adgiional stangaros
24C shoulc pe acdressed 10 ASTM Heaaoudrters. Your cammerts wil 1eceve carelu. consioeralon g & mesting of ine resosonsicle
r€onmzal commuttee, wnich you may anens if vou fee! 1nal your COTMENS NAve NI reZBwi-D £ i2ur H22NIT v £710U4IC MaKE v
wiews xnowr lo the ASTH Commmee on Stangascs. 1976 Race Si.. Pomageioma, 25 15125



APPENDIX
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X1. FACTORS AFFECTING TENSION TEST RESULTS

XI1.l The precision and bias of tension test strength and
ductility measurements depend on strict adherence to the
stated test procedure and are influenced by instrumental and
material factors, specimen prcparanon. and measurement/
testing errors.

X1.2 The consistency of agreement for repeated tests of
the same material is dependent on the homogencity of the
materal, and the repeatability of specimen preparation, test
conditions, and measurements of the tension 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 loads within the verified range for the
machine, speed of loading, alignment of the test specimen
with the applied load, parallelness of the grips, grip pressure,
nature of the load conirol used, appropriateness and calibra-
tion of extensometers used. and so forth,

X1.4 Material factors that can affect est results include:
reprasemativensss and homogenszity of tha test matesial,
sampling scheme. and spacimen oreoarauen fsurface finash
Jimensional accuracy, fillets at tne ends of ns gaee lensin.

tapsr in the gage length, bent specimens. thread quatiiv, znd

so forth),

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

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

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

X1.4.4 Test specimen size can influence test results. For
tvlindrical specimens, changing the test specimen size gener-
tlly has a negligible effect on the vield and 1ensile strength
put may influence the vield point, if one is present, and will
nfluence the elongation and reduction of area values. In
teneral. increasing the specimen size reduces the % elonga-
jon and % reduction in area, although some studies have
hown no effect, or the opposite effect. For rectangular
ensile test specimens, increasing the width or thicknsss
pnerally increases the % clongation and decreases the %
eduction in area.

X1.4.5 Usec of a taper in the gage length, up to the allowed

% limit, can result in lower elongation values. Reductions
f as much as 15 % have been reported for a 1 % taper.

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

rials. In gencral, the vield strength and elongation wil
increase as the stain rate increases.

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

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

X1.5 Measurement errors that can affect test results
include: verification of the test force, extensometers, mi-
crometers, dividers. and other measurement devices, align-
ment and zeroing of chan 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 mayv be imprecise due to the megulanty of
the surface {lainess.

X 1.5.2 Maienals with anisotropic flow characterstics
may cxhxbn non-circular cross sections after fracture and
measurement precision may be arfected. 2s a resull {se2 Notws
25

£ | raswancinEr in tosLiTieny i
subjert 10 consicini duning delormanion 2nd the ongnally
flat sufzces ey 2 parabolic in shape after 1esting which
will afTect the precision of final cross-sectional area2 measure
ments (see Note 23).

X 1.5.4 If any portion of the fracture occurs outside of the
middle of the gage length, or in a punch or scnbe mark
within the eage length, the elongation and reduction of area
values may not be representative of the materal. Wir
specimens that break at or within the grips may not produc:
test resulis representative of the matenal.

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
ngorously define the bias of 1ension tests, However, by tht
use of carefully designed and controlled interlaboraton
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 laboratone
Tables 2.1 10 2.6 present the precision statistics, as defined i1
Practice E 691, for: tensile strength, 0.02 % yield strength
0.2 % vicld strength, % clongation in 5D, and % reduction ¥
arca. In each table, the first column lists the six material
tested, the second column lists the average of the averag
results obtained by the laboratories, the third and fift
columps list the repeatability and reproducibility standar
deviations, the fourth and sixth columns list the coefTicicn!
of variation for these standard deviations, and the sevent



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

X1.6.2 The averages {below columans four and six in each
able) of the coeflicients of vanaton permit a relative
omparison of the repeatability (within-laboratory precision)
nd reproducibility (between-laboratory precision) of the
snsion test parameters. This shows that the ductility mea-
urements exhibit less repeatability and reproducibility than

e strength measurements. The overall ranking from the
1ast 1o the most repeatable and reproducible is: % elonga-
onin 4D, % reduction in area, 0.02 % offset vield strength,
.2 % offset vield strength, and tensile strength. Note that the

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

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

, TABLE X1.1 Precision Statistics—Tensile Strength, ksi

; Matena X L4 5 /X. % Sm sa/X. % r R
«H19 25.66 0.63 2.45 0.€3 2.45 1.76 1.76
24.T35 71.26 0.88 124 0.856 1.34 247 2.68
iTM A105 86.57 0.60 0.70 127 1.46 i 1.68 3.55
816 100.78 0.33 ’ 0.39 .21 1.20 - 1,08 3.39
onel 600 99.48 042 0.43 072 0.72 1.19 2.02
E 51410 181.73 0.46 025 1.14 063 1.25 3.20
” Averages: a9 1.30

Note; X is the average of the call averages, that 18, the grand mean for the lest sarameler,

4, 13 the repeatability standard deviation {within-laboratory precision),

3,/X 15 the coetficient of vanaton n %5,

$g 15 (N8 reproduciDility Standard devi2lion (D3 Tween-iaD0 2107y 2 el 3
84/X 15 tNe coeflicient of vanaton, <.

tis the 85 & repeataoility Urmuts,

£ is e €5 % reorodusibiv ks,

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

Matenal X 5, 5 /X. % Sm Bl X % r R
H19 16.17 0.65 399 119 7.35 1.81 3.3
K-T351 ' 51.38 0.84 1.64 089 1.73 2.36 2.49
M A105 59 66 1.20 202 189 3.18 2.37 531
1316 48.62 2139 4.91 4.61 Q29 6.68 1291
Snel 600 38.74 0.46 1.18 0.76 1.96 1.28 2.13
15410 104.90° 2.40 229 317 acz 6.73 8.88

Averages: 2.67 4.48

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

~ Matenal X s, s, % Sn SafX, % r R

19 22.98 047 206 0 48 2.07 1.33 1,23
§-TISY ‘ 52.64 074 141 0.79 1.49 2.08 2.20
M A105 58.35 083 1.42 1.24 2.47 2.31 4.03
316 69.63 0.94 1.35 2.63 407 263 793
net 600 38.91 0.36 0.93 0.85 218 1.0 237
51410 140.33 1.29 092 2.30 164 360 6.45

Averages: 1.35 2.2

LI T



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

Matenal § X s, /X, % Sm /X, % r R
9 17.45 0.64 J.69 0.92 530 1.80 2.59
1 1975 3 0.59 299 1.58 8.00 1.65 4.43
A105 29.10 0.76 262 0.98 3.38 233 2.76
6 40.07 1.10 205 2.14 535 3.09 6.00
600 4427 0.66 150 1.54 3.48 1.86 4.3
1410 14.48 0.48 323 0.99 6.83 1.34 2.77
Averages: 2.81 5.39
£ Al—Length of reduced secton = 60. .
TABLE X1.5 Precision Statistics—*% Reduction in Area
tenal X 9 s /X, = Sa safX. % r R
79.14 1.94 245 2.02 2.56 5.44 5.67
51 3031 2.07 6.82 358 11.80 5.79 10.01
105 65.59 © 0.84 : 1.28 1.26 1.92 2.35 3.53
71.49 . 0.99 1.29 1.61 2.25 2.78 4,50
600 £9.34 0.67 1.14 0.70 1.18 1.89 1.97
410 50.49 1.86 369 395 7.81 . 5.21 11.05
Averages: 2.80 459

A
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with any ntem mentioned in this standard. Users of this standard are expressly advised ihal deterrmunation of the valicity of any such
patent rignis, and the rnisk of infringement of such nghts. are entirely their own responsidility.
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La mixima resistencia a 12 12n3idn y ¢l médule de clasticidad para cada polimere son:

Poltmera *

Resittencia
a la temiidn

(psi)

Modulo dr
elasticidad
(kst)

Ertructura

Polictilcna BD
Policrileno AD
Poligropileno

Poliestirene

Cloruru du palivinile

3000

5500

60CO

8000
5000 -

0

180

Altamente ramifi-
cada, amorfa con
mcros simeétricos

Amorfa con meros
simétricos pero cscasa
ramniflicacién

Amorfa con pequenos
grupos laterales de
mctilo

Amorfa con grupos
Jaicrales de beneeno

Amorfa con grandes
acomos de cloruro
como grupos laterales

S¢ pucde voncluir que

{2) La ramilicacion, que reduce fa densidad y 1a compactacidn de las cadenas, reduce las
propicdades mecdnicas del polictileno.
(b} Adadiendo dtomui o grupas diferentes del hidrégeno ala cadena, s¢ incrementan la re-
sistencia v la rigidez. El gropo metilo en el polipropilenc proporciona alguna mejoria,
el antllo de beneeno del estireno proporciona mejures propiedades y el stomo de clorure
vn i clururo e poiivinilo proporciana una gran miesora ¢n bas prooiesades mecdnicas

Resrstencia AMdduly de

a la tension FElongacion elasticidad
Palirero (p11) (%) (ks1)
Termoplisticos por adicién lincales 3000-12,000 5-800 +0-600
Termoplisticos por condensacidn lincales  8000-17.000 10-300 250-600
Polimeres termeszstables 4000-15,000 0-6 300-1,600

Los polimeros por adicidn lincales tienen 12 menor resistencia v rigidez pero la mayor
ductilidad. Los termoestables tienen 12 mavur resistencia v nigidez pero son frigiles. La
mayoria de los termopldsucos por condensacidn lincalcs tienc propiedades intermedias; su
estructura molecular es normaimente mds compleja que la de los polimeros por adicién,
pero no estin ligados en forma cruzada como los termoestables.
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TJABLA 12-5 Grupos uncionales para varlos polimeros lermoo;iob!es

Afodulo
Resistencia 77
Polime @ la lensidn clasticidad  Densidad
Polimero Estructura s (s) Elongacion (%) (ksi) (e/em?) ¢
: \ H s
. |
(]
H H
Ftné]icos 5.000-9'0‘)0 0_2 400-1 300 : .27
H H
H -
H H
Moss Aminas \ £ 5.000-10.000 0-1 1000=1600 1.50
.'-"‘.' I
' 3 &
; T ,
LS N Melamina
| i ‘
H £ H
' NN
N e N
7 N
H H
H (o] H
s Il e
N—C—N Urea
o X
H H
.;. - A ?
Pulidsterss ---—O—C--C—(':—(':-—-’_':.—--- Tti= 13 ] Y s % L.
H (o] | O\ /H
NN 7
Epéxicos C—1rC—R—Crri6 1.000-13.000 0-6 400-500 1.25
ot
H H
iyt
Urctanos H—O—CIZ—:\'-—R—N—CIZ——O—H 3.000-10,000 3-6 1.30
= b o
H
/7
H (@]
N
H C
Furanos \c=- c( \H 3.000-4.500 i540 i
(o}
o
C=sC
A N _
H H i
- H : I;
o T
(l) H—?—H l
Silicones PO Y S CJ  S— 2.000-4.000 5 Sios e




BLA 12-4 Unidades repetitivas y propledades de algunos elostémeros

Resistencia
a la tensivn, T Densidad
Polimera Estructura (psi) Elongacion (%)  (g/em’)
I
3 H H—C—H H H
liisopreno | | )4 3000 800 0.93
C C C—C—
| I
H H S
e
libutadicno -—lC—(l:=(II—(l:—-"- 3500 0.9+
H.H.H H
i o
I'I-( H_(l:—H I:i ll-! ll-l H-—-CII—H
]
ibutileno C;:"'——-C='='C—?""([:-"—cl: T 4000 320 0.92
x H|H H—C—H
i i
i = b1
5O H
7 3 H i
licloropreno b N W S ¢ 0 3500 £00 P24
{neopreno) | |
g H H
M H H H’| 4 H
hdicno-estireno Al A bals 600-3000  600-2000 1.0
aucho BS o SBR) , i |
H LA d
[y
ieno-acrilanitrilo (I:—C==C*-? (l:—CIZ—' 700 400 1.0
lH H] H C=N
e
H—(i'Z—H H—Cli—H H—C—H
n O =S} Si——0O——Sj—-. 350-1000 100-700 15

l I |
H—(I':—H H-—-CIZ—H H—(l:—H

H

H H



e e ¥ o
] AL . e ®

TABLA 42-3  (continuacién)

iz Mddule
Resistencia de
a la tension elasticidad Densidad
Polimero Estructura (1) Elongaciin (%) (ksi) (e/em’)
Poliimida 11,000-17,000 8-10 300 1.39
(0] H o
¢ il
7 N
N P :
C C
H H- H . X
Ty
TABLA 12-3 Unidades repetlitivas y propiedaces para lermopldsiicos lipicos que tienen estructuras de
cadenc complicadas
Midula
Resistencia de
a la tensian clasticidad Densidad
Pulimero Evtructura (pu) Elangacisn (%) (ki) (elam’)
H H g g :
Poliéter «—C—O0—C—0—C—0—-~  9,500-12,000 25-75 520 1.42
(acetal) | | |
H H H
Poliamida 11.900-12.200 20=200 100-300 1.14
favlon
- - e Rt = “‘ Cl, ~
S N B e Y o
) ok en)
H HHHHH H-HH H
‘ Poliéster §.000-10,300 20-300 400-600 1.36
(dacrdn)
H (0] Q H H
| I [ =
---—-(‘Z-—-O—C C—O—*(‘:—(JI—O-—---
& H H
Policarbonato 9.000-11,000 110-130 300-400 1.2
H—(l:—H ?
_O_? e o
H—C—H
H
Celulosa 2.000-8,000 5-50 200-250 1.30
Ty
i o
Comre—ee O

g



* TABLA 12-2 Meros y las propledades de algunos termoplésticos preducidos mediante polimerizacién
por adiclén

Modulo
Reststencia de
a la temvion . clasticidad | Densidad
Politaero Estructura (psi) Elongaciin (%) (hi) = (glon’)
H H
Polietileno AR
baja densidad (BD) vormme C—=C—- 600-3.000 50-800 15-40 0.92
alta densidad (AD) }!{ l!l 3.000-5.500 13-130 60-180 0.96
NI
Cleruro de polivinilideno —(l:—(l:-- 5,000-9,000 2-100 300-600 1.40
H7*H
H H
Polipropileno el ‘i'--"‘ 4:000-6.000 =700 160-220 AR
H H’—(II—H
H
HOH
Peliesiirenc \ i T i 3 WSRO =3 180=436
H AN
\-"l
H H
§innd
e _(I:.....
Polimsatiime:acrilato [.I.{ C=lS 6.000-12,000 2-5 350-450 §.2a
(Plexiglass acrilico) I
7
H—-?—H
H
1§
Cloruro de polivinilo —(!Z-—C—— - 3.500-5.,000 160-240 50-40 1.15
i
| e
F €l
Policlorotrifluoroctileno —CI—CF:— 4.500-6.000 80-250 150-300 215
!
E.LE
Palitetrallucroctileno 2.000-7,000 100-400 60-80 2.17

F F
T

(teflén) et
F F




= 3,
PROPIEDAD FIRRAS MATURALES FICRAS ARTIFICIALES (ORGAMICAS) FI1BRAS
1 LAEIRRA - L \roeracs ANTHALES conrensacion « | apicion |ANTIFICIALES
: INORGANICAS
| NOMERC DG FIBRA ALGODON LANA SEDA HILON TERYLENE |POLIETILENO| VIDRIO
Frorotna .
UMIDAD MONOME CeLuLosa QuecrAT LA Y M10A EsTER . ETiLeno 3102
_Senicina

NESISTENCIA: .
a) ALCALIS . ALTA RAA DAJA ALTA REGULAR BUCNA' MALA
n) ggk:ﬁ:’ggi ALTA AL A ALTA RCGULAR REGULAR REGULAR BUENA
) Acio03 DAJA AsJA BAJA BAJA REGULAR BUENA BUENA
g) HONGOS REGULAR RESU A7 PA2A ALTA ALTA ALTA ALTA
F.) INSELCTOS R4l nAA HAJA ALTA ALTA ALTA ALTA
IFAS 10D LS4 aren’ | 132 ezl 122 | Llwore®| 1.3 |0.90.%20/00] 2527 a/cf |
ABSCRSENL 1A Ha 7-3.5% ' AN ? 53 o I CAST fiis b : :
LOKGITUD BT Sopa, ok gaiebse o inssine TORE S8t |
! Fﬁp:‘ l_ el | D25 TR E?_. S CNULG -2 125 il
;%'SLIJH‘T}AFTSSI!L'SE 4.2 xs/zné |10 x-'--’c:-.? 3..7flr.c/c.-12 '50-70:«;.":::12
B e L0, 4200 . 4.90 5.0 1.900 400 | * 21.00
TEMPERATUNA MAX. o <
0F TRARALM) OC 100 103 200 210 220 70 750
NIAMETRO 20 16-50 8-15 '




EJEMPLO MCNOHEROS P--O-t—d-NE RO —yses
(UNIDAD MONOMERICA)
o &0 ‘
" " I 1 3
POLIAMIDAS Noc-(cuz)N- CCH -c-(cuz)"-c - uu-(cuz)n- Nli= Fibras y ob-
(aylon) ACAIPICO é‘::os moldea
- HZN-(CHZ)H-HHZ - 3
HEYAMETILEN DIAMINA
POLIESTERES o o
i ~ " " -
(:;::i:if;ylar. HOC-Q'C'OH 5 ’ Poltasros 1i
7 ACIC EREFTALICO s e neales, fi-
HO= (CH,) ) =04 -C- ’__\)-C—C'(CH)Z-C‘- bras, cintas
P =2 - A magnéricas.
S1 N=2 7
ETILERGLICOL
POL'ESTERES —~ FHIISRITD Finturas,po-
A FTALICD A Do : liesteres el
\_._‘_;C Cd.-c.-‘-tt‘.z-c- csdena cruzadl
10-CH,=CH=Cll, =CH s £ & 43z
GLICERINA OH 1
ERLEELSGERES Cadena cruze
0 2 <
: " 0 0 0 dé ccn esti-
HO=E=CiaCit=(=CH i 3= rECatyipers-
={-CAnCHeS-G=1Cit. ) -0~ xidu
L e SR B b ¥y FEi.a-iiten
1o : i SR o
L - ’ - :
DR L i
: R i e i e i e e s s e 4
i:i.‘:--'.-‘- IR . 4 -:- i RORTNER 3 _:_;.:-,-'1
- = bt - ~mms amea g
Lj rezastoe=tcs £ o S I o bty
2 - = 5 ¥ < . 225, o
{2ARZLITA) s N s |
e cH.
FCRMALOESIZE =
FeNCL
ACETATS CE T, ~Cil CH.-0-C-CH, Peiteuts foof
ZELULOSAY /=51 > timrifice.
gy G> | i | " i3 \
I s 1] » Y ':_
' J H ‘ =y .Js
CHzC=0 ACICI e
31 5 : C Ngo-og:
o ASETICL i g
% = r

POLIMEROS POR CONDENSACION.



—_—

EJENPLO "MONOMEROS {UNIDAD MCHOMEFICA) Uusos
POLIMERD -
CHZUCHZ -CNZ-CHZ- § El mds comGn e Im
POLIZTILENO X partante golimero
ETILENO 'P-C'J 5. 29 tolsas, aislamien
5 LT Sl e to y botellas mol
decadas.
"CH,=CH ~CH~ T Fibras para alfom
POLIPROPILENO | 2 I bras interiores y
2 - CH A - CH - |exzeriores.
PROPILERD - 3
k CHZ-CH ~Cﬂ2-CH- Mcldeo de objetos
POLIESTIRENO . & 7S g3 uso domés:ico
ESTIRENG z le incdustrial.
POLICLORU20 OE - e T-CH,-0%-  ~ " | Rzcubrimiento de
VINILO i ¢i i piscs acetatos de
" | o | Zisces, tukss pgara
PVC CLOPLRT 0T VINILD ' agus, envases y bo
| {teiias transgaren
J s
POLITETRA FLUSRY ey _F | F F Caras inastillebles]
R0 CE ETILIND e S I e girmanios e resistenta o celicy;
S lnEFLoN Tz F e ‘ ;F 3 jles quf='cas. 1
TITAAFLLARA ETILCND i |
i et
PCLIMETACRILATS CE | Cei-G-CHy l T=L-3-2H, bvidria irrenpinle ,-Il
TTad F e - = - P
! HITaLC { ) Cryns METIL-pETL = E ipinTures latex, |
' o Cha. EELATT. : ™ : ,
Jomern e ee emie e == e e Seg s aedeiatsats
B RS R T e R e o e s . e g A
ol SR ] @ R
i o0 ses niies - SR el
PRt = O AT U = my S g PO i FAT pin:;ras;=
ST ' TS . o _'_,___” ‘ s, CIZES NI
i ACEvAT S AT £ GO | 2l BnES el RS =
; 2E GEuirs & i ;) ica
FULS MATURAL | CH. | {81 z2iimaro con ca-
i CH, LR
I { | | re2aut €oizsias de =
Cli-lC-C.‘i-‘CHI o=l aliart) = ‘suifuro por (culca-
s 2 - - ane
l Ci€=+SCPAENS i ¢ |izaeedas. 5
PCZLICLGRCFRENG l Cl Ci !-’.gr. cedenas cruza-
(MECPRLMC) T S _'_,. S ;da¢ de ln 3 @S re- |
SRECCiiell, i !c:z:en:c 3 aczitesy!
: CLIRIFEEND I L b linae. |
) - .
ESTIRENC-IUTAD I TNS i CH —=Ch. - EETRECS | i::-.- cadenas <ruza- |
L32R} . 4 ‘93s ce perbxkido; =5
o M- =A== Cp - 7 .
I ik | by Khhds "2::. ras comGn huie -
PN BuTA1ELS i 1 B in3ado para llantas,:
G e i s Jaentiarzs 755 tuta- i
: I CS._,-&... C.h’.»z ! v 1..‘«_.-_- < A / i

POLIMEROS POR ADICION.




TABLA B3. PROPIEDADES MECANICAS DE LAS ALEACIONES LIC.E'.RAS NO FERROSAS®

Sdul
Resistan- Reai dr: el:n?i NJBS&I‘I;.L;-{:::;
cla a la cxisten- TPorcieato] Resisten. | ro de P
Alesclén Compaslcidn cedeneta | ¢ia 2 la cidad enl 4 elon-| eia o] |dureza| flexones l'b“;,'
aproximada, tenaidn, |SEnsiénl o d revertidpel /plg?
SN—™ pot 4 108 Kecién en| corte, < i
P tenaldn.t Yo/pig* b/ols? 2 pig 1b/plg? | Rock. /ple
tosplg: vie Tl well
L
Adesclén de sluminio 2024, Aluminte 93; vabee 4.5, * *
Templa O } magnesia 1.3; maogs. { it 000 7 000 10 a n’ 18 000 Hvo 13 000 Q.100
Temple T26 aesa 0.8 37 000 72 00O 10.6 13 42 QL0 B30 18 OO0 0.100
Kleaclén de aluminio 2014: : . .
Temple 0 “E‘:“"; :_3' ‘“"n;"' {iiooo | 27000 | 100 18 15000 | Hoz | 13000 | e.102
Teraple TG et Wiobiotit e | %0 o000 19000 | 106 15 42009 | B3 | 18000 | 0.102
0.3. maxnesia 0.4
Alerefdn de aluminly 5032:
Temple 0 } Aluminie 97; magnesio 2.3; { 11 000 8 002 10.0 3o 18 0G0 1e2 16 ono 0 098
Temple HIB cromo 0.23 17 00 22 L0 10.0 3 24 Q00 B8 20 opo 0.0u5
Ueaclén de alumlinio 34356; 0
Temple 0 } M;'gfi":‘::;“‘:“g“;":o 73000 | 45000 | .... Y 28 000 . e 0.092
Temple H321 bre 0.15; ccomo 0.15 17 Coo 51 0G0 Sa— 16 30 D09 NI A 0.092
flezcibn de aluminlo 7075:
Temple O Algacidn 90; cinc 5.3; (
t5 000 31 000 17 22 000 E43
T | :
emple T6 } ::’::q l::i magneilo 2.5, l 23 oo &l 000 1 13000 | nga | 23 coo
{aaclén de magnesta AMIOOA. '
Tundlclén, dielé F
r::dtzm: TSR, T } Magnesto 90; aluminio 10. I 12 o 7 Qoo 6.4 2 13000 | Ex | 16000 | 0.06h
! manganeso 0.1 1 0 40 L0 6.5 1 21 000 Y40 10 Qo0 0.0C0
feacidn de magaesio AZEIA:
Fundieldn, condicién F } Magneslo 91; pumicie 8; { o 24 000 63 1l 15 000 Ex9 11 ono 0 o064
Fundicidn, condicldn TS ¢ine J; manganeso 0.2 19 GO 10 000 (-} 3 20 o0V E&} 11 00V Q.0n64

b

piecaces 2listicas ce matarizles representatives,

mperatura caidinaria

o

Madulo Rigidez espectlice
Youry Delacion Ep.
Material £,10' N/im?*! de Poiscon.» 161N - mikg®

it ) 3¢en0
fales de ALQ,lzafire!
o] 230 I8
£20] 125 310
1) 483 120

43 £.2% 190
fro sinterizada LW 65 1)zt 1A
geerdmico 10 .23 39
b de silice g i 12
tiones da aluininiv 7 0 2k
b 20 0.25 25
gteno il n.23 2
Fa (tipicak =
pngitudinal$ ‘1 ~0.04 16
mdial 0.07 ~0.3 1
ingeneial 0.6 ~0.3 1
fones de cobre 12 €.33 i3
(nylon) 6.3 0.18 2
ileno 0.04 . 0.8 0.4

hira econvertir N/m? en kgi/em?, muttipliquese por 1.620 x 10~ %y «n lLpulg®, por

P 104,

L

fra coavertiv N - mikg en kgl * m%g. multipliqueze por 3.82 y en !b - pulg:it

Advat

TADLA &-3

Reiceidn entre &

médulo e alcancidaZ v io
lempoergiura ge fusidn ca2 io: melcles

Tenscrarsia Je

Mdule Ao

Suzniz eleatizidud
Auta! () (pst)
Ph a7 w0 x 150
Mz 50 A3 = 10
Al Gl in.o < 1y°
Ay 962 13 e LGt
Au 1064 11.3 = )00
Cu 1033 18.5 = Iuf
Ni 1433 29.9 x 10%
Fr 1538 30.0 % 100
Mo 2610 43,4 % 18
W 3410 54.5 % 8




TABLA 13:2  Piepledades ge algunos materioles relorzadot con libios

Neststennis Morduls de Temprratura Addule Hriiviencia
Dencidad £l lensoun elasticidad © dr fusivn e1perificy epeetfica
Material (t/em?) (kvr) (= NP pui) {°C) {x IO ple) { x A ply)
Vidrio ¥ 2.55 Liny 10.3% <|72% “11.4 LR
Vidrio § 2.50 630 12.6 < |75 14.0 7.2
Si0, 2.19 830 In.3 1728 18.3 10.8
ALO, 3.5 300 23.0 2018 21.9 2.6
2r0, 4.84 300 + 30 2677 28.8 1.7
Cralito HS 1.50 440 40 3700 74.1 7.4
(alta svsisteneia)
Crfito HM 1.50 270 77 3700 143 5.0
(alio médule)
N 1.60 200 13 2730 18.8 29
o 2.5 500 53 2030 64.7 4.7
B.C 2.38 3i0 79 2450 82.4 .5
5S¢ 4.09 b3 T 2700 47.2 22
it 4.44 13 T4 7940 13.3 2.
Be 1.8% 135 44 1277 775 2.3
W 19.4 580 39 3410 3.5 0.
Me 10.2 320 i ' 2610 14.1 ad.9
Kevlar .44 523 14 4.7 10.1
Waikees
de ALY $.94 Jo0n 62 1982 434 21.0
de BeQ) .43 1900 50 2530 48.5 8.5
de B.C 2.32 2000 70 24350 76.9 22.1
de SiC 35.18 3000 70 2700 60.8 26.2
de SiyN, 5.18 2000 53 47.8 17.5
de grutitn 1.66 1000 102 . 1100 170 0.2
de Cr 7.2 1290 35 1830 18.4 4.9
dv Cu §.92 427 18 1083 54 1.4

Augtache e b | Bocmitian, “Nhabonmal Prgatin sl Fuar Reinbusmd PLUaS ™, Canpeet Ssvacing lomisain, ial (o 11 Dz, e ML,
Fana, 11y
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ParTE 2 — Crrimicas (Tomados de medlos numcro:c;l)

i
C'Zonducuvidad_ Expansién Resistividad " Médulo de.
térmica en - = R id
Material calem térmica en eléctrica en elasticidad
ate — plg/plg/°C chmcem promedlo,
*C-cm’-aeg a 20-Cct a 20°C} Ib/plg? a 20°C
2 20°C* ~ )
AL, 3.8 . 007 £H) 5% 10-8 - 50 X 10°
Tablque .

Edificto 2.3(x 0.0015 5% 10-¢ - - —

Arciila fuego 2.1 0.002 2.5 % 104 1.4 X 108 —

Crafito ' 1.5 — 3x 10— —_ -_

Pavimento 2.3 - 2 x 108 —_ _

Sllice 1.75 0.202 — 1.2 x 108 —
Cancreto ’ 2.4(%) 0.0023 7 X 10-¢ — 2% 10°
Vidrio _

Plancha 2.5 0.0018 3% 10-¢ jot -

Borosilicato 2.4 0.0025 1.5 10— — 10 X 10

Silice 2.2 0.003 0.3 X 10-¢ 100 , 10 X 10
Vycor 2,2 0.003 035X 10 — —_

Lana 0.05 0.0006 — — —

Grafito (bulk) 1.9 — 3% 10-¢ 10-3 8 1 X 10°
MgQ 3.0 —_ 3> 10—" 103 (‘7000"1-‘) i 30 X 107
Cuarzo (SIO,) | 2.65 0.0 ! TX 10-% | | 45 100
sic 3.7 ¢.029 ! 23x 1078 | 2.5 ¢( ’000"!‘) —
TiC 1.3 | 0.07 : ix 10~ | 50 % 10°° 50 X 10°
PARTZ 3 — MATERLALES osciNicos (Tomades £s numerosos medies).
! ' d fviga
' ‘ C?;T:::;av fnd Expansion Aesistiviazd Mdédulo de !
f . Gravedad c:i-c*’t " térmica en elécrmica en elastcidad ;
Mazerial especifica — " pig/plg/rc ochm-em . promedio, !
: *Cemisez a20*Ct i a2n ct i lb/plg* a 20°C ;
: a20°C* . ! : ;
Melamina-formaldehido : i.3 0.0007 ) 15X 109 1 1073 : 1.3 % 10% '.
Fenol-formaldehido 1.3 0.0004 02X 1076 1012 0.5 10% i
Urea.formaldehido 1.3 0.0007 i 153x 1078 10%R L3Xx 109
Hules {sintéticos) 1.3 0.0003 : — —_ 500-10,000
Hule (vulcanizado) 1.9 0.0003 : 15 x 108 104 0.5 x 108
Polietileno 0.9 0.000s © 100X 10-¢ 1013 e
Pollestireno 1.03 0.0002 o 33x 107" 10'8 . 04X 108
Cloruro de polivinilideno 1.7 0.0003 ;103X 10-¢ oM : 0.05 X 109
Politetrafluoroetileno Bl 0.0003 ;33 % 16-° j10t4 ; —
Metacrilato de polimedlo 1.2 E 0.0003 ! 30 < 109 108 l 0.5 % 10%
Nylon i LAE g 0.0006 P33 107 | 1014 | 0.4% 10

Kultiplicar por 0,806 para teoer Biu.plg/ F.piet.sex. t Muluplicas por 1.8 pars tenee eon/em/°C. I Dividir entre 2.54 para gener ohm.ply.



TABLA 10-8 Dpesignaclones de grado de endurecimlenlia para aleaclones de cobre

Hxx—trabajada en frio. (xx indica ¢l grado de trabajo ¢n frio.)

Reduccidn porcentual en
cipesor o diimetro

HO0l § dura 10.9
H02 § duma 20.7
H03 1 dura 29.4
HO4 dura %t
H06 extradura 50.1
H08 de recsore duro 60.5
HI0 dc resorte extra 63.6
H12 de resone cipecial 75.1
Hl+ de superresorie 803

Mxx—tal como sc manufaciura. (xx se refiere al tipo dv proceso de fabricacién.)
Oxx—recotida. {xx designa ¢l método de recocido.)
OSxxx—recocida para producir un tamafo particular de grano. {xxx se reficre al didmerro dvl
granoe en 107 mm. Por tante, OS5025 scialaria un didmetro de granu de 0.025 mm.)
TBOO-—tratada por solucidn.
TF00—cndurccida por envejecimiento.
TQxx—templada y revenida. (xa da detalles del tratamicnto térmico.)

TABLA 40-9 Composiciones, propiedades y apliceciones de clgunas clegciones de niquel y coballo

Resnstencia Erfuersy de .
a lu trasion Huenca Elsngacidn
Mutersal (ps1) (i) { %) Aplicaciones
Ni puro {(99.9% Ni)
Recocido 30,000 16000 43 Resistencia a Ja
Jrabajado en frio 93,000 9).000 4 corrasidn
.\Ion_cl 400 78.000 19.000 37 Vdlvulas, bombas
(N|-31.5‘.,'E Cu) ] cambiadores de
Superalcaciones de Ni calor
astelloy B-2 131000 60,000 61 Resistencia a la
{Ni-28%% Mo} corrosion
MAR-M2456 140,000 125,000 3 Mowores de reaccidn
{Ni-10% Co-9% Cr-10% W + Ti, Al, Ta)
DS8-Ni 71000 +43.000 (B} Turbinas de gas

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

Incoloy 800 K9.000 41,000 37 Cambiadores de calor
(Ni-46%% Fe-21% Cr)

Superaleaciones de Ca

Hawvnes 23 133000 63.000 60 Mortores de reaccidn
(50% Co-20% Cr-15% W-10% Niy

Exclina 68 77.000 103.000 4 Resistencia al desyaste
{(60% C0-30% Cr-4.5% W) por abraiidn

Ditos de Mermls Handial, Vol 3, Ya, vl Aiscrw aa Sianty b Magads, 190




TABLA 40-4

Electo de los mecanismos de endurecimlento en el 6I‘umlnloy enlasaleaciones

dae glurminio
Restriccia Eirfucrso ] ..
@ {a tmsdn d'e)“[,;mdc Elongacion Esfucrze de fluencia (aleactsn)
Alaterial {psi) (pri) (%) Esfuerzo de fluencia (puro)
Aluminio puro recocido 6.300 2.300 60
(99.999% Al)
Aluminio pure comercial 13,000 3,000 45 . 2.0
(recocido, 99% Al) - .
Endurecido por sotucidn 16,000 6,000 15 2.4
s6lida
{1.2% Mn)
Aluminio puro trubajado 24,000 39,000 15 8.8
en frio un 75%
Endurecido por dispersidn 42,000 29,000 33 8.8
(3% Mg)
Endurecido por ,
envejecimicnio 83,000 73.000 It 255

(5.6% Zn-2.5% My)

* Datoy modilicades de Mreely Manabosd, Vil 7. 94, od . Amurican Soasctr be Moaks, 1979

TABLA 10-7
endurecimiento

Propiecades de aleaciones lipicas de cotre oDlemMaCs: Lor cilerenles MecSMiMOs Ce

Olesrgnacion de Registencia Epuetzo Elonpa-
wrado de a la lension Slueacin ctyn Mecanismo de
Material endusecirmienio {b1t) (p11) (e} endurccimiento
Colire puro, recocicdo 30.300 4.800 60
Cobre comercialmente purn. 05050 32,000 10,000 35
recocido para engrosar
vl tamafio de grana
Cabre comercialinentwe purn, 03025 34,000 11,000 55 Tamafo de
recocido para alinars grana
<l tamuiia de grana
Cuobre comercialmente puro, H10 57,000 33.000 + Yndurecimiento por
trabajade e¢n frio delormacion
Cu-33% Zn recocido 05050 47,000 15.000 62
Cu-'.}O‘.'o Nt tal como s [abrica M20 535,000 20.000 13 Solucian solida
Cu-10% Sn recovide 03035 66.000 28.000 68
Cu-33% Zn trabajado en friv Hlo 98.000 63.000 3 Solucidn
solida +
Cu-30% Ni trabajado en frio HA0 84.000 79.000 3 Endureccimicnte por
deformacion
Cu-2% Be endurecido por TF0O 150,000 175,000 4 Endurccimicnro por
envejecitnicento envejecimiento
Cu-Al tcinplado y revenido TQS50 110,000 60.000 5 Reuceion
mantensitica
Manganese bronce fundido F 71.000 28,000 30 Reaccion cutectoide

Nater de Lirtal, Handbot, Vol, 1. %2, ol Amerrmsn Nea ity bor Metals, 1979,




TABLA 410-2 Sistermng de designaclan para los aleaciones de gluminle

Alcaciones para forja
Jxxx Alum. comercialmente puro (>99% Al) Nu envejecido

2xxx  Al-Cuy Endurccible por envejecimienio

Ixxx Al-Mo No cnvejecido

4xxx  AlSiy Al-Mg-5i Endurccible por envejecimicnto
si hay magnesio presente

Sxxx  Al-Mg Na envejecido

bxxx  Al-Ng-Si

Endurecible por cnvejecimiento
7xxx  Al-Mg-Zn

Endurecible por ¢nvejecimicnto

Alcaciones fuadidas
Ixx.x  Alum, coinercialmente puro No envejecido
2xx.x AlCu

Endurccible por envejecimicnto
Ixx.x  Al-Si-Cu d Al-Ng-Si

Algunas son cndurecibles pur
cn\'qcclmlcnlo

iNo envejecido

No envejecido

Endurecible por envejecimicnto

Endurceible por envejecimicnio

txx.x  Al-Si
Sxx.x  Al-My
7xx.x  Al-My-Zn
8xx.x Al-Sn

TABLA 10-3 Propiedades de algunas aleaciones de aluminio

Restsiencia Exfuesza ge

a4 {2 tenston Huencis Elungativa
Acer.t fae:s T, {Ce) Comentari s
Aleaciones para forja ne tratabics
térmicamente
1100-0 >99% Al 13.c00 3.000 40 Compunentes eléctricos, hojas
1100-H1B 24.000 22,000 b metilicas finas (*'papel'’),
3003.0 1.2¢F Mn 15,000 6.000 35 resistencia u la corrosion,
3N03-H18 29,000 27.000 7 Latas para bebidas, aplicaciones
4043-0 5.2% Si 21,000 to.on0 22 arquitectdnicas.
3036.0 5% Mg 42.000 &7 000 35 Meral de relleno en soldadura,
3056-H18 60,0130 50.000 15 recipientes, componcntes
Aleacioncs para forja tratables mannos;
térmicamente
20240 4.4% Cu 27.000 11.000 20
202414 £58.000 47.000 20
4032.T6 12% Si-1% Mg 35,000 46.000 9 ‘I'ransportes, acronidutica,
6061.TH 1% My-.6% Si 45.000 40.000 15 astrondutica y otras
F075-T6  5.6% Zn-2.5% My 23,000 73.000 11 aplicaciones de alia resistencia.
Aleaciones para fundicidn
295.TH 4.5% Cu-0.47 Si 36,000 21.000 5 Arena
J19-F 8% Si-3.5% Cu 27.000 18.000 2 Arena
34,000 19,000 25 MNlualde permanente
356-T6 7% Si-0.3% Mg 33.000 24,000 35 Arena
33,000 27.000 5 Molde pentnanente
as8n.f 8.3% Si-3.5% Cu 46,000 23,000 3.5 Molde permanente
J90.F 17% Si-4.53% Cu-06% My 41,000 33,000 1 Coquilla
443-F 5.2% Si 19.000 8.000 8 Arcna
23.000 9.000 10 Molde permanente
33.000 16,000 9 Coquilla
718-T3 7.5% In-0.7% Cu-0.33% My 30,000 22,000 4 Arcna

Daton maulificodkn e Alerels Haadbood, Vid, 2, 92, od.. Amenican Soxiery b Movals, 1979,




TABLA 10-10 Propledodes de algunas aleaciones de Nlanlo

Rertstencia Esfuerzo de
a la tensian Sluencia Elongacion
Material {pr) (psr) (%)
Titanio comertialmente puro
99.5% Ti 35,000 25,000 24
99.0% Tt 80,000 70,000 15
Alcaciones Ti alfa
5% Al-2.5% Sn 125,000 113,000 15
Aleaciones Ti beta .
13% V-11%& Cr-3% Al 187,000 176,000 5
Aleaciones Ti casi alfa
8% Al-1% Mo-1% V 140,000 120,000 14
6% Al-4% Zr-2% Sn-2% Mo 146,000 144,000 3
Alcacioacs T alfarbeda
8% Mn 140,000 125.000 15
6% Al4% V 150.000 140,000 g

LR

——r—— s = e = meme . Tmem ia ma memms . 4 s Een e ——— e e ———

Davs de Metah Handbowd . Neid 3 00 sl , Ainerian Soe mts for Mutals, 198,

-

S p—— 8 et v om e

—r - — e T T e e ——

TABLA 10-11  Propiedades de metalas refraclarios

Tonparntara ambienie T = 1006°C
Temperatura Resivtea Esfueszo de Hesiviencia Evfucrzu dr
de fmvin Ldesiodiged a lu teavin flieng ta Lo foin a ln trniiin Suenen
Metal f"C) (z/em?) (e} () ) {21} (i)
N5 o470 3.5 13000 20 0t 23 17.000 2,000
Ma 8510 2 3,02 ey 3G.CCn I 20,500 10,060
T3 2004 ha 30.000 33.000 3z 27,000 24.000
W 1410 1303 200,000 220 00y J 63,000 15.000
PARTE 1 — METALES (Tomados de medios numerosos)
| t ‘
] jyi 1
', : Cm‘i““,‘:‘d“‘ | Expansién |  Resistividad Médulo de
f :cr{ilma térmica ! elécrrica en clasdeidad
Material l Densidad I o SEVEIR, . plg/plgs°F i ohmcm premedio,
. "Cremiseg 220°Ct i 220°C? 1b/plg® 2 20°C
L ! a 20°C [
fminio (99.9-) |l 27 0.33 12.5 X 10—¢ i 29x 10°¢ 10 x 108
heiones Al | 2.7(%) 0.4(=) 12 % 10— } 3.5 X 109(=) 10 X 109
Kn (70Cu-20Zn) i 8.5 0.3 1 x 10-: | 6.2 X 10-: ' 16 X 10%
mee (9SCu-5Sn) | g5 0.2 10 x 10~% | 9.6 X 10~ I 16 X 108
Y (99.9+) . B0 ! 0.95 9% 10-¢ 1.7 X 10—¢ : 16 X 108
o (99.94) b ora7 0.18 6.53 X 106 9.7 X 10-° 29 x 10
ho (994 ) l 11 34 i 0.08 16 X 10—6 20.65 X 108 } 2x 10°
i j 1.74 i 0.33 X 1078 ;453X 1070 6:5 % 107
i?‘fs{ttoﬁ”o) | M : 0.06 i g§X 10-% i 482X 10" i 28X 108
el (70N1-30Cu) | 85 Lo 10 % 10—8 18 % 10-8 | 1% 108
la (sterling) | 104 ’

S R ey



TABLA B.1. PROPIEDADLES MECANICAS

NO FERRQOSOQS *

DE 1OS METALES

—

-

-——

Médsle
Roltoets | iz |4 wartid. | Boapade [ % O rea,
Meal "“"‘3“'::‘ 2 b exxida! ded m a3 pl t‘::“ Ib/pled-
pxr Wbl /st | teaie | peroeus Bt
/g 1 Ly/pls?
Cotre, 0.23 plg proem;
Reaoridos grasa ¢ 0.0 mm | 10 000 a2 000 16 45 17 n.320
mbu: T T T, 4% 00G 50 00O 16 12 105 0.320
quell
Boizdy w allme......... 25 000 75 00 10 'K 1o 0.310
Mo daro .,....... veo-.] 120 000 140 00G 30 2 0.3y
Cloe:
L T ST 4 0co 1 1 : 0.260
Linias polads dor........ 5 00Q 25 000 12 3s s o i
Alealeia:
Yaiclydo e erexx, 1100-P . . G 000 11 000 9 324 , 0.087
Limles reocids, 1100-0 5 000 13 000 10 a5 X o ot
Limlaa dz==, 1100-H18.... . 2l 003 24 00G 1o (3 4 a.097
Maseene:
L7 = T #00 13 0CO [ ] 30 0.003
EQraldd  ....evvaiean... 1 200 25 000 G 3 a5 0 cn3
Bolidy avveeriinrranannsns 3 coa 25 0030 6 4 40 0.0n3
TAELA 5.2, PROPIEDADES MEICANICAS D LAS ALEACIONES PESADAS NO FZRRCSAS®
) ; Resiseen. | Médulo {pPorcien- Mime-
' Composicién cia a la ?:;'ja de elasti-| 1y 4o Resis- | “ro de Peso
cedencia cidad tencia J
Aleacidn aproximada, I ten. ala por ten-| ¢longa- al dureza | |b/plg
purcentajes ps?én t tensién {sjsn, 104| ci6n en corte, Rgci.
l \bspige ¢ Io/Pla |lb/plgr| 2 plg | 1o/plgh; e
?— - - - - . "i
I Jars came e 1 .| 49 (XX 12 51 0 000 FG 0.3n
tcocldo . L G 2 ; : 8 I
| dure 15% de reduceién I C%bs'g_sll':;_w”’gc ‘ 45 o0 |56 12 20 23 o0 | De? 0 30
kdio duro, 25% de reduccién i plon 32 1) 6N {HH) 14 15 A8 QU0 Bsa 0.30
con alto coneenido de plomo
04 plg de eso):
Pcoc!d%.gzranoggi 0.050 mm } Cobre 63; cinc 33; { IS 000 47 0nn 12 583 a3 oo | Fes 0.30
\raduro plomo 2 62 W) 83 000 15 3 15 () | L7 0.30
tojo (0.04 plg de grueso): . ; : 3
leecido, grano de 0.070 mm}.I Cobre 85; cinc 15 [ 10 oon | 39 oro 12 38 SN LTI T n.31
'meso extra duro ': Gl tHN) ‘ (M) 15 - 44 i 1388 .31
lllc:TaQL f:’gi:l:, ]’ Cobre 89; aluminlo [ EA N ) 73 0nn . 0 | ..., .\ 6.n
ktruids 8; htlerro 3 AT S00 82 o Ix . T O 030
ke 3! berilio: P . . .
< Cobre 97.9; bedllo || ....... 70 M= I 3d ) ... B+ 0,32
ésc:l:gté:;cﬁgodda) ] 1.9; piquel 0.2 130 00N P oo onu 18 HA 32 0.32
Jee al manganeso (AY: Cobre S8.5: clnc 139: . . ) )
keocido, suave, duro 15% de} hierto 1.4; estafio { g: f::: ";f.‘? {:8:: :; }g ::’ &Qg Eg""] 333
duccién 1; manganeso 0.1 = _ - h | :
e al fésforo, 5% (A): ! -
dz 0.035 i , = 22 49 0 i i S B3 ¢392
ﬁéﬁ%.‘g:& e BolE | coare D% wetafy 3 {3200 | vt ir I Bt By .52
kniquel, 30% :
* . Lam 1 M X 8535 (0 39 . LT [ — jEHY n.32
T }[ Cobre 70; nfquel 30 I{ 3N Gl l H5 10 33 15 o] Bst | 0la3




TABLA {0-44 Coampaoatsiclonasy propledades de dlgur’aos aceros Incxldables

" Resistncia Eirfuerze de
a la tresion Sluencia Elungasicn
Acero % C % Cr % N (iras {p1i) (par) (%)

Ausienftico

201 N5 16-18 3.5-53 5.5-7.3% Mn 95,000 45,0010 40

304 ] 0.0H 18-20 8.0-10.% 75,000 %$0.000 30

304L ’ 0.03 {H-20 8-12 75.000 30,000 30

32} 0.0R 17-19 9-12 TOxZO 85,000 35,000 53

347 ’ 0.08 17-19 9-13 Nb (10 x % () 90.000 . 35,000 50
Ferritico :

430 0.12 16=18 €5,000 30,000 22

442 0.12 18-23 75%.000 40,000 20
Martensltico

416 0.13 12-14 0.60% Mo 180,000 140.000 18

431 0.2n 15-17 1.25=-2.30 200,000 150,000 16

440C 0.95~1. 15-18 0.75% Mo 285,000 275.000 7
Endurecimiento por

precipitacion

174 naov 16-14 2-3 0.13-0.45% Nb 180,000 170,000 10

17-7 0.69 L6-14 8.5-5.4 N75-1.25% Al 240,000 230,000 b

Mudificabhr 8 panir de Nfradi [fandbat, Vid §, Ya, rl, Avicrean e w1y ke Sk, K20

TABLA 40-15 Propledades represaniotivas de fundigionas liptcas

Reistencia Eifurrso dr
a la temsion Sluencia %
Clasiffeacion (pr1i} (pii} -~
Clase 20, fundicidn gris 12.000-40.000 <l CE > 4.2%
Clase 40, fundicidn gris J8,000-34,000 - <l .- CLE < 4.0%
35018, fundicidn malexhle 33,000 33,000 18 Ferrita
90001, lundicion maleahle 103,000 90,004 1 Martensita revenida
60.40-18, Tundicidn dictil £0.000 40.000 18 Ferrita
120-90-02 , lundicién duwril 120,000 90.000 2  Mlartensita revenida
Fundicién de gralito grado B 50.000 40,000 I Ferrita + perlita

compaciada




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

il dl LR B . e l L ‘ -
i Resistencia al
lnt:"':::f}: 2 | Resistencia corte por 5;6:‘;!?‘1“ ! Limfte
I kips/plg® s torsién, 10* 1b/pl Porclento | Ndmero|yrer o o de
cedencla kips/ple® de elon- “-ds : ei‘:l d. duracién,
Material 4 por SRS TS ke gaclén en | dureza | !8nacida fleddn
' Resin comprasidat [ L patos (R 5 T ds 1b>-plg/plgt invu:u]!p
! ala | Uld | Xpe/plg a l:- Ulth | Tensidn Coml y - Brinell Xips/p
E c:f:;:- ma eedenciaf| = ¢
S A RN s 20 as 37 15 (i 1 130 0 | 11
cldn blanca ....... T ca 100 60 20 3 400 .
6o ol niquel, 1.5% de ni-! i '

L e e Sl 0 20 8 Gach 00 o :
maleabls sacssceossainss 3oy s 1 19 i3 25 10 14 LSRR Y 20
e llntotu. recocldo, 00'1“‘ : | ;
srbano e 3 R R - 21 15 A | J0 12 a4 | AT | 26
lorjldn. 0105 ‘de carbono . 305~ 180 30 Y e T 27 i 1o | 350 100 14 co0 ! 25
0.20% de carbouo: ' : i ! | i '

ado en caliente .....vevanennn 06 1 60! 10 4 1 45 20 i 525 as ! 120 16 300 21

T T ' e 80 G n . [0 30 . 12 l 13 ; 160 12000 40

ndiclones recocidas .......... R B 35 s e 30 ) A T

, 0.40% de carbena i ! : H ! o i

lado en callente ............. g 42 23 33 o 1 s L) |

tamlento térmico para grano | ‘ , i i

R R L S s'6s o's B0 ns ooy GO~ wo 60 sh 75 10 i ok s L 190 i

diclones recocidas .......... g orBBin .l TG s Y W I 30..x. 30 102 Miig s hatialitsl |

, 0.60% de carbono: ' : = !

ado an enllcate ,........... : 61 U100 i 63 a7 30 30 A% 13 i 200 12 32 | 50

tamizn ) e
no"lzlno ... .‘?.l.‘.rﬂl.c.o..’,‘f? _‘,f.n. 1 '3 120 78 47 100 30 12 15 o35 15 000 . a3

, 0.80% d¢ carbono: ' : I

ado en callente ...... . 120 73 i 1 105 30 12 ] i0 #0 4 .

agado en aceite, no laminado .. | 123 150 ! 123 L & 30 e 2 ¢ 3o ! i
1L.W% de carbono: . - ' I !

lado ¢n eallente .........0.... i i 135 o | ¢ 0 : 1S 19 e 9 o O SRR S 9

agado en aceite, no laminade .y 1% 339 1 HED i i3 ! oe b 1 i t 5o O 2000 il

o al nifquel, 3.3% de¢ rniuuel, 4 £

0% de curbono. mimima dursea i . i : -

f maquinabilidad ........... a1 i 1337 37 s T 10 0 1s 15 i | fHew |13
all nlucgm;’l;nzuo.v 1.357, . 1 ' : : f i

. 0.707 e Mn, tem-; i ; 5 H 1 £ i ! 2 2
|ld'0u ;llola FEROETES - svs o s e | T A 13 | 73 ! 115 30 : 12 i 1 350 I 21060 |

e i b s s mm - w1 ) —— —— —— . ———

e: La mayoria de los aceros dependen tanto del tratamiento térmico cormo de su composicién para dna.ml!ar propiedades mecdnicas pas

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

!Car;:l. de ruptura por flexién el centro, minima, libras
Clase Resistencia
No. i 2latensién 0.875 plg de 1.2 plg de 2.0 plg de
lb/plg: diim, claro diim, claro diim, claro
de 12 plg dc 18 plg de 24 plg
20 20 000 900 1 BOO 6 000
25 25 0G0 1025 2 000 6 B0O
: 30 30 GO0 1150 2200 7 600
25 35 C00 1278 2 400 8 300
40 40 000 14C0 2 600 9 100
S0 50 000 18675 3000 10 300
60 €0 000 1825 3400 12 500

* Basado en ASTM A 48.
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. Dwnensions
S Stancarg Speamens Subsize Speamen
Puate-Type, 146, Wide Sheet-Type, Ya-in, Wide Yadn, Wide
(4 . n,
G—=Gage length (Notes 1 and 2) BOO =003 2.000 = 0.005 1.000 = 0.003
W-—Width [Notes 3 and 4) 1 + Y, —Va 0.500 = 0.010 0.250 = 0.005
T~—Thickness (Note 5) thuckness of matenal
R—Radws of fiet, mun (Note 6) - 1 ‘a Ve
L=Over-all length, men (Notes 2 and 7) 18 8 4
A—Length of reduced section, min S 2% 1V
8—Length of gnp section. min (Note §) 3 2 1Y
C—widtn of grip section, approximate (Notes 4 and 9) 2 e %

NOTE 1—For the 1'/4-n, wvide speamen, punch marks 106 measunng elonGaton aher tracture sha¥ be mace on the flat or on the edge of the speamen and withun the
reduced secuon. Eher 2 set of nine or more punch Marks 1 . apart, Of one of More pars of punch marks 8 in, atan may be used.

Note 2—When elongatioh measurements of 12N, wade specumens are nol requared, A Meumum kengtn of reduced secuon (4] of 2% . may be used with all other
dimensions simiar 1o those of the plate-type specmen.

Note 3—For the three sizes of specumens, the ends of the reduced secton shal no! ciffer n width by moce than 0. 004, 0.002 or 0.001 in_, respecvely. Alsp, there may
be a gradus! decrease ¢ width trom the enas (0 the center, DUt INe wadth at each &nd shal nol De more than 0.015, 0.0CS, or 0 803 i, respecuvely, larger than the wan
at the center,

NOTE £&—For each of the three sizes of sDec:mens. NATower wiCths (W and C) may he used wnen necessary. In such cases the wadih of the reduced section should
be 25 large as e widih of the Matena being tesIed perTTuts, Nowever, Wkess stated soehcally, the recuremnents 1or elongation in a proguct soeshization shall not apoly
when INese NATOWEr 3DeciTiens are used

Noate 8—The omension T I3 tne tuckness of tne test spocauimen 25 Srondes (o & (ne ADDhcabie Malenal soesmMzalons. Minimum tuickness of 1<, wioe specimens
shal be 24 . Maximum tTckNess af Y=, 2N Y= wice SPetumnens $Rak D2 4 o, and Ya i, (esDeCiively,

NOTE 6—F0° the T'oan, wide sDeamen, 2 . MIWTWM rasoss 21 102 4als o6 I reduced Secuan 1€ paMttas 107 steat gpeamens under * 30 000 Ds N 1ensx
swenatn wnan 2 Drofue cutter 15 Used 10 Ma2trune e regduse 51157

NOTE F—70C a1 it 0iarung axiad' 1IS20n0 Cunng LeSURT $F -0 Wie SD2Irens, e Over-ak lenginl showls D8 as large as 1ne matenar wik pemm. o 10 .00 i,

NOTE B—It 15 gesiranie, if DOSSID 2 1D Mmaxke the kensit 3 1Ne $US $22000 Lroe enoutn 10 abow INHe SpecImen 10 exlend IO the gnNds 2 MISIaNse ecudl IC Twe thres o
more of the tength of the gnps. I the uzxness Of YN, wide sHelmens S Over e i, longer oNps and CormesponainGly longer gnp sectdnc O tve SDeTiMen may b2
necessary 10 peevent tailure wn the anp Secuon.

Note 2—Fof the three sizes of spacmens, the encs of the specamen shall be symmaincal n width with the centef line of the reauced secton witus £,10, 0.05 ax
0.005 n., respectrvely, However, for referee testing and when requered By product specficatons, the encs of the Y—n, wide speamen shall be symmeinzal witn 0.01 R

Note 10— Specimens with sides parallel througnout ther kength are permutied, except for referee lesung. provded: (3} the adbove 10lerances are used: (D) an aceguan
number of marks are provided for detenminauon of elongation: ana (€) when yeld sirencih s cetermuned. 2 sunandie exlensometer 15 used. If the tratture occurs att
gstance of less than 2W from the ecge of the gnpping device, the lensie propertes celermmunes Mmay not be representative ol the matenal. In acceptance testing, if te
Foerues meet the mirimum requirements spedafied. no further testng 15 regured, but o they are ss than the murumum requiremnents, discarg the 12st and relesL

FIG. 1 Rectangular Tension Test Specimens

Wedge Grips Upper Heod of

Testing Mcchine

Y A

%//’—;
\ i {”/{’ ]

-

"L&f:ef:-'rm'cknen Varied

According 10 Specimen Thack-

ness 10 Xeep Wedge Grips

Flot Specimen — from Protruding Above orf
Below Heod of Tesling

L Mochune

FIG. 2 Wedge Grips with Liners for Flat Specimens
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Ownenssons
Standard Specamen Small-Size Speamens Propoctonal 1o Standarg
* n [ g (g A mn. in.

“meal Cameter 0.50Q 0250 0.250 0.160 0.113
J=Gage tengtn 2.000 = 0005 1400 = 0C05 1.000 = C 005 0.640 = 0.005 0.450 = 0.005
~=~Jameter (Note 1) 0.500 = 0 010 0.350 = 0.007 0.250 = C 005 0.160 = 0.003 0.113 = 0.002
Z=R3ous of fifet, mun ¥ Va e Lt *az
s=Length of reduced section, mun (Note 2) 2 1¥a 1V Ya sh

%¥ate 1=—The reduced secton May Rave a gracual laper from the encs (ow ard the cented. wilh the ends NOt more than 1 % larger in diameter than the center (cantroing
2mengon). .

N3tE 2—I deswed, the length ¢f the redused SECUON mMay De creased 1o 2ocOMANOC2IE an ex1ensometss 0! any convenient gage length, Reference marks for the
~azsurement of elongaton shouid, nevertheless. be spaced at the rmdcated Gage lengm.

Nete 3—The gage tength and filiets may De as sNown, But the encs Mmay e of any form 1o it the holgers of the tesung machine N such a way that the load shall be
narses Fig. 9) If the ends are to be neid n wedge gnps it 1s desvane. d possiee, 10 Make the length of the gnp secton greal encugh Lo allow the specmen 10 extend
-1 ine gnes a distance equal 1o two thurds or mare of the length of the gnas.

Note 4—On the round specrmens in Figs. 8 and 9. the gage lengths are equal 1o four mes the NoMinal ciameter. 10 some product specifications other specimens may
2 ~ovded for, but unless the 4-to-1 raug 1S Mantaned withn duMensnal Ickerances, the SNGaLon values may not be comparaple with those cblamed from the stanadard
‘e5: specimen,

NIIE S—The use of specimens smaller than 0250, diameter shak be resinCiec 10 Cases when the malena! 19 be tested is of insulficient size 1o odlan larne-
rrezmeny o when all parues agree 1o therr use for acceqtance testng Scular sDecens 1eCure Swilabie Bou DTE™L ang grealer s v DCIn MaTnining 2R teshing.

“ite §—Five siZ23 of specimens chien Lses have diametess 0f azoroxcmateny C 505 02270282, 0180, vz £ 1t t :
255 fr2=1 13205, SINTE the COTeSDONSIS Ir255-Seuchal gre2s are &2 a. or ©3s52 12 G 202. 0 300, D.OEDD. 2.0252 2z .0 02
erg 22788 wilh IDes2 values INe $Ir9sses D7 SIFeNZInsl Mav D2 IXTIteT wsTID N2 S.eTDE ThLN D TD I

Jaenie o tvese ve g.amneters oo not resat it STTESDONSINDY €O ET 270 ITDSE-S2TUCNE 2°R3§ AN UL I o 7T IIZITE

mag E m= =
Lo el mw

Tt Sugnzars T.500-in, Rounz Tension Test Snecimen w.in (. Gage Lenzit ana Exemcies of Small-Size Specimens Frosomiana! 2
the Sianzare Soeciunen

- ' e R L e T
-_— i L ———— . 138 f e i —e—m £ B y
e e s —
| T : o R g Lot ST . B
___w——:—-——y._.__ L L e e e e i e
T Y TR Nate 2 Sk
—_—— e, L -
e e L e . : g—oE N £m—= 8 ===
o B v —
? TS ™  JhE Wesetpmne . oo g See 5
eyl Yy e ———————— N
— G =g i — —= :
Note 2 3
L &
b a 8~ '
o e oo 3 — 'E' £
— s R
Ovmens.ons
Soeamen 1 Speamen 2 Speamen 3 Specmen 4 Speaimen 5
n. n n. . .
G~Lage lengin 2.000 = 0005 2000 =0CCs 2.000 = 0005 2.000 = 0.005 2.000 = 0.005
Z~Jameter (Note 1) 0.500 = 0.010 0500 =0010 0500 =0010 0.500 = 0.010 0.500 = 0.010
F-=aciws of filet, min Vg ¥ ‘re »a e
d=tength of reduced section 2%, mun 2V, mn 4, approxsmalety 2%, min 2'%, min
i~Over-al length, approxumate E] Sy 5w 4y, A
Z~-Lengin of end section (Note 3) 1¥,, approximatety 1. approxsmatety ¥e, Approxwnatety V4, approxmatety 3, min
C-Dameter of end section ¥, ¥, Tadyy s ¥,
f=Length of shouider and fifet S Ye .- ¥, L7
fechon, pproximate
FeDuarmeter ol thouldor - Ve e iy ALEYY

N1 1=The reduced secton may have a gradual taper fom the ends loward the cenler walth the encs not more than 0.005 . larger n duametsr than the center.

Notl 2—On Specymens 1 and 2, any standarg Uread s permosdie that provades lor proper asgnment and axds in assunng that the speamen will break wattun the
Y SECU0n,

“arg 30n Specimen S it Is desirable, f possible, to make the lengt of Te grp secuon great encugh 1o aliow the specamen to extend nto the gnips a distance equal
2 o twds or more of the kength of the gnps.

. FIG. 9 Various Types of Ends for Standard Round Tension Test Specimens
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Cumnenisions
e
Specmen 1 Speamen 2 Specamen 3 Speamen 4 Speamen 5 Speamen & Spewmen 7
. m. n. N, in, n. n,

———— 5
T Gace lengen 2.000 = C 005 2.000 = QOGS 800 = 0.01 2.000 = Q.005 £.000 = 0.005 2.000 = 0.023 4.00¢ = 0.005
e (NoTe 1) 0.500 = €.610 1+ v, =% 1% » % % 0.750 = 0.03" 0.750 = 0.03 1.000 = 0.062 1.000 = 0.062
Y =esnness mezsured thickness of specimen
saSgous OF W min 2 1 3 1 1 1 1
:—.#nctn of recuted 2% 2% ] 2% o ' e

sectIn. man
- #ngin of gnp Sec- 3 3 3 3 3 3 k]

non. mun {Note 2§

woomin o gnp sec- e 2 2 ] 1 1'% 1'%
10N, AJpoXImate 5
{Note 3)

Lot t=—=The enos Of the reduced secton shal Citter 1n wiltn Dy rdt more than O 002 in 1o specmen S, 203 40 ane aot mare than 0.0C35 in. for specmens 2. 3, 5, 6.
=~ Trefre may be a gragual t2per i wicth from the encs 10 the center, but e wiCth at each enc snall b2 not more than Q.005 1 greates than ne widih at tne center
++2.a pze length speamens, not more than 0.008 m. greater nar MNe widln at the center 107 S~ cape lencit soecmens. anc not More than 0.015 i, greater than the
& n~ 81 the center for 8-n. gage length soecimens

“i'E 2--% s gesiradle. if possile. 10 Make the lengtn of the ¢~2 $€3U31 G°8al endUZN 10 allow the SPESIMEN 10 &xiant N0 tNe I113s & tiSiznse ecual 1O two hires
+=ree o ine length of the cnos.

Lot I==The enzs Of (Ne spelumen snall De SyTIMencal with e Zerite” ive ¢ INe rezuces secncn vatun O C3 n 19t speoimiere 1.4, ans 3, anc § 10.n lor soecimers

o o

ot s==Tor crzular segments, (e Cross-Secnond ared mMmav > 2300 2162 Iy ML lan W 2 s T tme cans of e Srmeng DR 1Y 1L (NE CaTReT DU TE

1 TEN 3D e ANG eTTOT USING IS MEINOS 1Y SalkLale e $.52IL07NA ATEZ Mav D ADDCETADE ST By DR Ses D 200 o
piemeng e arel
D l=3ramrmene wain G W ieSS tNan 4 SADLND N3 D@ LSS 1IT SeTeTRNIiIe Itz o-savis

i ie-Zzacment walh 513e4 Darallel UWIuIndut ST BNITT &°2 SESTINAT 2nIIDY DT TR EE 125U
ST I TETE 3% DIOAZeS 107 Celermindidn @ €S1ZEIST 37D 40 W w2 T srengin

* U172 O 1933 1NAN 2W from the edge O tne gNIoiNg J8wize T4 18Nsue BroDeiel a2t el f
T TaMegurements sDesified. N funiner tesiing 1S requred. QU K ey 2re kess 1720 INE MWL MUM reCureTais CiSI2TC HE 1851 anc retest,

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

' Specmen 1 Specmen 2 Spes.men 2

n. n. .
3 G-—Lengtn ol paraiel section Shall be equal 1o Or greater ihan clameter O
. s D—Diameter D.500 = 0.070 0750 = 0.015  1.25 = 0.02
MG o1g Location of Transverse Tension Test Specimen in Ring ﬁ—aao";‘: °; filet. s . :v :v g‘/
Cut from Tubular Products "‘_:_'I:::’ ol renocecseson. . 2 ;
L-—Owver-af length, mn 3% 4 6%
B—1engin of end secuon, 1 1 1%
approxymate
C—Drameler of end secbon, ¥ 1Y 1%
approxwmale
E~—Length of shoulder, mn Ya Va Sig
F—Dnameter of shouider Vi = Vs Wig = Vs e = Vs

NOTE— The reduced secbon and shoulders (dmensions A. 0. £, F, G, and A)
shall be 25 shown, but the ends may be of aay tomm to fit the holders of the 1esung
machahe n sLCh 2 way thal the icad can be axal. Commonty the enas are threaded
and have the demens:ons 8 and C grven above.

FIG. 15 Slandard Tension Test Specimen lor Cast lron
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Dumensons
(A N
O—Dameter vy
R—~ARadus of filet [T
A—Length of reduced section 2V
L—Cvec-all length v
B—Length of end secton 204
C—Diameter ol end section 3
E—Lengin of filet EYA

FiG. 17

Standard Tension Test Specimen for Malleable lron
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Om:=Spsacified Sxtension Under Lood

FIG. 22 Suess-Strain Diagram for Determination of Yield

," Strain Strength or Yield Point by the Extension-Under-Load Method

Ole-wm

Om=Specified Offset

FIG. 21 Siress-Strain Dlagram tor Determination of Yield
Strength by the Offset Method

Stiress

0 m

FIG. 23 Stress.Sirain Diagram Showing Yield Point
Corresponding with Top of Knee
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C 1l A | D 18N|30-N[45-N) HV | HK | HB! G | XSl jwun
™ o © | n c'g_;;’ ;-; = E
Lol oe|Lelot | o2 =8 Ec’ S-E‘;E-E"-Doﬂ'g
g OE @ | =@ ;‘:mu_,; olo E|lo®|oal ©
LHI8a)2a Rz |az|==z |32 2l8212=12a) 2
j
_{-(=12|3]|= =] .=
2 sts =122l alz)t|2gs
< i - © o < = o ] ey mg 9
[T} [ ] a a =% T} Q e o cZ] o
o Q o = 3 =) -_ c = o jes| =
[+ o @ ) ) 7 > Pl o o (-] B
80 ] 92.01B6.596.5]92.0}B7.0[1865] — \ —
79 |91.5/85.5/96.3|91.5|86.5{1787] — -
78 |9+0]34.5196.0]91.0/85.5]1710 — —
77 (90.5/84.0195.6)90.5|64.5[1633| — -
76 l90.0(83.0{95.590.0({83.5{1556{ — —
75 |89.5182.5/95.3}89.0)82.5[1478] — —_
74 189.0[81.5]95.0)88.5]81.5{1400f — —
73 {88.5|81.0/94.8(88.0/80.5;1323| — | & | —
72 |188.01£0.0/94.5[87.0{79.5[1248{ —~ { w wl| —
71 |87.0{79.5)194.3) 86.5]78.511160] - — | O &~
70 |86.5(78.5|94.0{86.0{77.5{1076| 972 =2 Z {953
69 186.0{78.0/193.5185.0/76.5{1004| 946 949
68 185.6(76.9{91.2|84.4}75.4} 940] 920 | 945
67 |as.0i76.1|s2.9|83.6|74.2] 900| a5 942
66 |84.5|75.4192.5|82.8[73.3] 855 870 NA 938
6S |83.9|74.5|922lat.9 710' 832! B46] 729 914
64 |a83.4|73.8|91.8|81.1[171.0! sool 822 722 930
63 |B2.8l730l91.4180.1169.9] 7721 799 | 706 926
62 [82.3172.2{91.1]79.3168.8] 746 776 | 688 | [922
61 ;81.8|71.5/90.7§78.4| 67. 7| 7201 754 [ 670 317
60 181.2{70.7{30.2]77.5l€5.6] 697| 732! 654 NA {913
59 180.7/69.9189.8]76.6165.5] 6741710634 351|909
58 [80.1169.2|89.3175.7!164.3] 633 620 615 3381 904
57 i796l6a.5i88.5)718l€32! 6331 670 595 3251500
5§ ;79.0167.7183.3,73.9162.0] €12 650 577 | 1 3131 B96
55 |78.5/68.9187.9473.0162.9] £95i 630 sso, 3011391
54 /7B.0466.1187.4172.0159.8] §77) 612] 543 1292; 857
£3 ITT.4)65.4|8-‘3.9[?1.2|SS.GI £60! 594 ( 525 i 2831882
£2 175.8 64.5;85.4 70.2137.4] S441 5761512 1273} B79
51 176.3163.8)85.9{69.4:75.11 528] 558 496 | 2641872
0 175.9163.1}85.5,68.51£5.0! 5131542 1 451 ] S5 {BT0
a9 |7522 sz.1|as.o[s7.51£3.a| 498{ 526 | 469 245 | 865
48 (73.7161.4/83:5)66.7¢£2.5] «341 5101455 | 2387861
17 (74.1(69.3[83.9]165.8151.4] 47%] 495 443 2291855
a6 |73.6/656.0183.5}64.8150.3] 458] 480 | 432 221851
45 173.1159.2:83.0{64.0149.9! 245 466 421 215 847
44 |725[53.5182.5/63.1147.8] <34] 452! 409 | 208 [ 842
43 172.0157.7182.0162.2|46.7] 4231 428 400 [‘201|837
42 [71.5156.9/81.5)61,3145.5| 412| 425| 390 } 194832
41 [70.9(56.2{80.8]60.4]44.3| 402| a14 | 381 1 1881 827
40 [70.4|55.4180.4159.5143.1| 232 402 37y 11821822
39 [69.9]54.6179.9|58.5121.9! 382 39113621 | i177]817
58 |GS.4!53.8/79.4157.7}40.381 272! 380 353 171812
37 |68.9¢531.1}78.8 sa.ans_sl 163l 370 334 166 | 807
36 168.4152.3178.3|55.9138.41 3541 3560 336 | 161 802
35 [67.9151.5|77.7[55.0]157.2] 335 351 327 156 798
34 |67.4150.8|77.2|54.2: 251} 336 342/ 319 152|793
13 |66.8|s00|76.6!53.3125.9] 3271 334 311 143 788
32 166.3|49.2|76.1 521|"3,37 3181 326 | 301 146783
31 |65.8(48.4]75.6151.3]32.5) 310; 318|294 NA| 1411778
30 165.3}47.7|75.0|50.4131.3| 202f 311 | 286192.0| 1381772
29 |64.6147.0|74.5145.5/30.1] 294] 304 | 279191.0] 135] 768
28 |64.3{46.1|73.9(48.6{28.9| 285{ 297 | 271}350.0} 131|762
27 |e3.8la5.2i73.2l4a7.7]27.8] 279| 230 | 264 ]89.0{ 128 757
26 |63.3|44 6|72.8|46 B]26.7] 272| 284 | 258 {88.0] 125|751
25 {62.8)43'8|72.2|45.9(25.5] 266| 278253 ]87.0]| 123] 746
24 [62.4]43.1{71.6{45.0{24.3] 260) 272 | 247 | 86.0{ 119|741
23 {62.01421[71.0[44.0123.1] 2541 266 243 [64.5| 117{ 736
22 |e1.5141.8{70.51432.2]z2.0( 248] 261 [ 237 |83.5{ 115]730
21 |61.0{40.9(69.9]142.3(120.7| 243{ 256 231 |82.5]1112|725
20 | 60.5140.1]69.4{41.5719.8{ 2381 2511226 [81.0] 1101720

Although conversion tables dealing wilh hardness can only
be approximate, it is ol considerable value 10 be able to
compare dilfecent hardness scales. This lable is based on the

assumplion thal the melal tested is homogeneous 10 a depth ¥
several tiimes as great 3s the depih of the indentation.
The indentation hardness values measured on the various
" scales depend on the wotk nardenaing behavior of Lhe

materinl durin

retationships in the table are based targe!

the lest, and this in turn depends on the
degree ol previous ¢old working ol the malerial. The B-scale
on annealed

melals tor the low values and cold work

Fimhar valivasr Thasralrra anmmasiead svartzis Al hinh B e~ala

melals for the
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