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Introduccidén

@ Hasta ahora sélo hablamos de la resistencia del material en términos
de esfuerzo (o)

@ Ahora incluiremos los cambios de forma, deformacién (€) uniaxial
elastica.

@ Se estudiaran las relaciones entre deformaciones, equilibrio de fuerzas
y relaciones entre o0 y ¢ — problemas estaticamente indeterminados.

v
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Introduccidén

@ Hasta ahora sélo hablamos de la resistencia del material en términos
de esfuerzo (o)

@ Ahora incluiremos los cambios de forma, deformacién (€) uniaxial
elastica.

@ Se estudiaran las relaciones entre deformaciones, equilibrio de fuerzas
y relaciones entre o0 y ¢ — problemas estaticamente indeterminados.

i Cual es el valor de las reacciones?
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Ensayo de traccién

@ Aplicar un estado uniforme de esfuerzo normal (o) en una muestra
del material (probeta).

@ Se registra la carga, el desplazamiento de las mordazas, el
desplazamiento entre marcas (extensémetro mecénico u 6ptico).

o El ensayo se encuentra normado — ASTM E8M 6 NCh 200 OF74
@ Ensayo del tipo destructivo — hasta la ruptura

Extensémetro

gl

Mordaza inferior.
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M) Designation: EB/EBM — 09

Standard Test Methods for

Amarican Association State
Highway and Transportation Oficials Standard

AASHTO No.: Teg
An American National Standard

Tension Testing of Metallic Materials'

This standard is issued under the fixed designation ES/ESM; the number immediately following the designation indicates the year of
original adeption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval

This standard has been approved for use by agencies of the Department of Defense.

L. Scope*

1.1 These test methods cover the tension testing of metallic
materials in any form at room temperature, specifically, the
methods of determination of yield strength, yield point elon-
gation, tensile strength, elongation, and reduction of area.

1.2 The gage lengths for most round specimens are required
to be 4D for E8 and 5D for ESM. The gage length is the most
significant difference between E8 and E8M Test Specimens
Test specimens made from powder metallurgy (P/M) materials
are exempt from this requirement by industry-wide agreement
to keep the pressing of the material to a specific projected area
and density.

1.3 Exceptions to the provisions of these test methods may
need to be made in individual specifications or test methods for
a particular material. For examples, see Test Methods and
Definitions A370 and Test Methods B557, and B557M.

1.4 Room temperature shall be considered to be 10 to 38°C
[30 to 100°F] unless otherwise specified.

esistencia de Materiales (USACH)

A370 Test Methods and Definitions for Mechanical Testing
of Steel Products

B557 Test Methods for Tension Testing Wrought and Cast
Aluminum- and Magnesium-Alloy Products

B557M Test Methods for Tension Testing Wrought and Cast
Aluminum- and Magnesium-Alloy Products (Metric)

E4 Practices for Force Verification of Testing Machines

E6 Terminology Relating to Methods of Mechanical Testing

E29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E83 Practice for Verification and Classification of Exten-
someter Systems

E345 Test Methods of Tension Testing of Metallic Foil

E691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

E1012 Practice for Verification of Test Frame and Specimen
Alignment Under Tensile and Compressive Axial Force
Application
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Maquinas de traccién

Principales fabricantes disponibles en Chile
o INSTRON
o ZWICK

Tipos de maquinas
@ Electromecanicas.
@ Cargas maximas 130 kN (13 TON)
@ Velocidades maximas 500 mm/min

© Facil control de desplazamiento
@ Dificil control de la carga
@ Oleohidraulicas.
© Cargas méaximas 1000 kN (100 TON) (pocas en Chile)
@ Velocidades maximas 100 mm/min
@ Dificil control de desplazamiento
© Facil control de la carga
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Maquinas de traccién disponibles en el DIMEC

Maquina LOSENHAUNSENWERK Maquina INSTRON Maquina INSTRON
Cap. max. 100kN Cap. max. 100kN Cap. max. 500N
Lab. de Sélidos | Lab. de Sélidos Il Lab. de Biomateriales
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Probetas

Metales

Probetas tipicas del ensayo, normalizadas (ASTM) (dogbone)
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Probetas
Cobre C11000

/

Direccién de laminacién
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Probetas

Plasticos y materiales compuestos

Distancia entre

Distancia para
agarre de las

Distancia
ubicacion de

entre agarre
mordazas extensometro de las
(115 mm) (50 mm) mordazas

(150 mm)

. Probeta material compuesto
Probeta de resina ASTM D638 ASTM D3039/D3039M
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Probetas

Elastémeros
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Realizacién del ensayo

Traccién cobre.
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Anilisis del ensayo

Forea (N)

Asiangement (mm)

G
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Curva carga-desplazamiento. Formacién del cuello.

E.P.C. Lveée HANZELET - 2003
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Medidas de Esfuerzo
o Esfuerzo ingenieril, es el esfuerzo normal calculado considerando el
area transversal de la probeta libre de cargas. o = %

@ Esfuerzo real o de Cauchy. Idem al anterior pero considerando el area
transversal real (deformada) o, = £

Il - 2017 17 / 31
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Medidas de Deformacién

02 7 s =L §
@ Deformacién ingenieril € = == = 7

@ Deformacién logaritmica ¢,.Si se toma una cantidad infinitesimal de
desplazamiento (d/) entonces la deformacién que se obtiene al estirar
una barra de logitud L hasta una longitud / es:

Idl /
6/:/ 7:|og/—|ogL:Iogz
L

@ Deformacioén real €,. Se define al igual que la anterior pero en
términos del area transversal inicial y final, es decir: ¢, = Iogé
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Curva esfuerzo deformacién (aceros)

ingenieril o real

@ Esfuerzo ingenieril maximo
(UTSs)
© Limite de proporcionalidad

© Punto de rotura
(ingenieril#£real)

Esfuerzo

© Endurecimiento por

4 > deformacién
@ Estriccion (Necking)
: L
pefor (G
A) Esfuerzo ingenieril=c = % ,
B) Exterea sy = 2 —
S
Deformacién ingenieril = € = ’__L_L !
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Curva esfuerzo deformacién (metales)

ingenieril o real

2
5 True rupture
s s’erenglh
Ultimate /
strength _
Nominal
Yield rupture
point strength
Elastic limit
Proportional limit
o Strain
A) Esfuerzo ingenieril=c = %
B) Esfuerzo real=o0, = g
Deformacién ingenieril = € = ’__rL

@ Esfuerzo ingenieril maximo
(UTS)

@ Limite de proporcionalidad

© Punto de rotura
(ingenieril#real)

@ Endurecimiento por
plasticidad

@ Formacién de cuello
L
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Propiedades mecanicas de metales (Pytel)

TABLE B-1 Average Physical Properties of Common Metals: SI Units

Temp. coefl. Proportional limit Ultimate strength Modulus of elasticity
of linear (MPa)* (MPa) (GPay Percentage of
Density expansion Tongatic
Metal (kgfm?) Jum (m-°C)] Tension Shear Tension Comp. Shear Tension, E Shear, G (in 50 mm)
Steel, 0.2% carbon,
hot rolled 7850 o 240 150 410 v 310 200 80 35
0.2% carbon, Varies from
cold rolled 7850 11.0to13.2 420 250 550 ® 420 200 80 18
0.6% carbon, Average is
hot rolled 7850 1.7 420 250 690 ° 550 200 0 15
0.8% carbon,
hot rolled 7850 480 290 830 ® 730 200 80 10
Gray cast iron 7200 10.8 < 4 140 520 d 100 40 slight
Malleable cast iron 7200 119 250 160 370 ® 330 170 90 18
Wrought iron 7700 12.1 210 130 350 v 240 190 70 35
Aluminum, cast 2650 231 60 90 ® 70 70 30 20
Aluminum alloy 175T 2700 231 220 150 390 ® 220 7 30
Brass, rolled 8500 18.7 170 110 380 v 330 100 40 30
(70% Cu, 30% Zn)
Bronze, cast 8200 18.0 140 230 390 80 35 10
Copper, hard-drawn 8500 16.8 260 160 380 v 120 40 4

“The proportional limit and modulus of elasticity for compression may be assumed equal to these values for tension except for cast iron where the proportional limit is approximately 180 MPa.
"The ultimate compressive strength for ductile materials may be taken as the yield point, which is slightly greater than the proportional limit in tension.

“Not well defined; approximately 40 MPa.

4Cast iron fails by diagonal tension.
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Propiedades mecanicas de materiales (Hibbeler

Mechani

I Propertics of Typi
(81 Units)

| Engincering Mate

Modulus of  Modulis of | Yield Swength (MPa) | Ultimate Strength (VPs) Coct. of Therm.
Materials Density p mgmy E Rigidity G ay a “ Elongation in | Poisson’s | Expansion o
(Mg/m") ) (GPa) Tens. Comp.” Shear | Tem. Comp.” Shear | S0mm specimen | Ratior (10yc
Metallic
Aluminum EHJH»T(; 279 731 7 A 1 | a0 a0 200 Lo 2
Wrought Alloys 60616 271 889 % 55 255 B3| W0 1% 12 24
Cast Iran [— Gray ASTM 20 719 610 7 - - | e = 06 018 2
Alloys L Malleable ASTM A-197 [ 728 m 68 - - - |m sm - 0% i)
Copper [~Red Briss i a74 101 a7 w0 700 - | 2w - 35 18
Alloys — Bronze C86100 883 103 E] M5 s - | ess 655 - 20 7
M:f]‘]’;;‘""‘ [Am 1064-T61] 183 447 18 152 152 - | 2 276 152 1 0.30 2
Steep [ Siruetmal A36 785 200 7 /0 250 ~ | e aw - £ L] &
et Eﬁ me | wom |awooaw | mrow | o "
Tool 12 216 200 7 ™o e - | w0 s - 22 03 12
"ﬁ‘;’]‘:y”' [TH6AL4V] 443 120 a4 w0 — |10 1000 - 16 0.36 9.4
Nonmetallic
‘ Strer EE 1 - - - - - - - 15
(\mcm,.["““ Strength 238 21 12 0.l n
High Strength 238 200 - - - ECRN - - - 01s n
Plastic Emhxw 145 131 = = = - M1 oam w3 28 [ET) =
Reinforeed —30% Glass 145 724 - - - - | = 131 - - 0x -
L Wood Douglas Fir 047 131 - - - O - 02 -
Select Struetural [ i
Grado White Spruce 360 965 - - - - |2 w e - 031 -

“Speciticvalues may vary icular material due Lo alloy or mineral composition, mechanical working of the specimen, or heat treatment.For 2 more exact value
reference books for the matcrial should be consuliod

"The yield and ullimate strengths for ductile

bea

Lor both tension and compression
“Measured perpendicular 1o the grain.

“Measured parallel 1o the grain

* Deformation measured perpendicular 1o the grain when the load is applied along the grain
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Curva esfuerzo deformacién ingenieril
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Engineering strain

Material A36 (planas)

Engineering deformation

Cobre (cilindricas)
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Traccién Acero EK4 (embuticion)

350

[ NN W
o o u =3
S ©o © o o

Esfuerzo ingenieril P/Ao (MPa)
w
o

———0° grados - 2do ensayo

iales (USACH)

0,05

0,1

0,15 0,2

0,25

0,3

Deformacién ingenieril (L-Lo)/Lo

__ ¥ 0°(direccién de

laminacién)

45° grados - 2do ensayo

0,35

0,4

90° grados - 2do ensayo

Propiedades mecanicas acero EK4

Fuerza Esfuerzo Médulo | Limitede | Desplazamiento a
Probeta maxima | méximo UTS | de Young | fluencia fotura
(kN) (MPa) (GPa) (MPa) (mm)
0 2,107 280,98 161,12 165,53 1873
45° 2,162 288,31 192,89 171,97 17,97
90° 2,115 282,00 182,36 171,53 18,83
Media 2,128 283,76 178,79 169,68 18,51

+ Desviacion
0,024 3,24 1321 294 0,38
estandar
m] = = =




Traccién Cobre C11000 (laminado)

250 ﬂ
— 200 | -
©
o
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& 100} |
w
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501 —— Probetas a 45° | |
—— Probetas a 90°
| | | | | | |
0% 2% 4% 6% 8% 10% 12% 14%
Deformacién ingenieril [17%]

Direccién | E[GPa] | 6, [MPa] | 6, [MPa] | UTS [MPa] | eura [MM/mm]
0° 108,7 110,0 2338 248 1 0,134
45° 130,3 1045 2311 2387 0,097
90° 108,0 1129 240,1 245.1 0,088
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Formacion del cuello (necking)

Probetas planas
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Traccién Fieltro asfaltico (papel)
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Traccién Poliuretano (elastémero)

Ensayo de Traccion Poliuretano

g

=)

©

2

Alargamiento A
2 | 2,2 1,2 .0
6 =2 - ) (c1+20(A2 + 2 =3)+3c3(A2 + 5 —3)%).
A A A

Constante Ci1 Ca Cs NRMSD
Valor [MPa] | 0.451401 | 0,000503503 | 3,79356e—05 | 0,00664
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Traccién Arterias (tejido bioldgico)

2000 Contral T T T T Ajuste Aorta Abdominal - Control

1800 - Melatonina 1 1000 o0

1600 g 900 - Fit-90 - o
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Alargamiento A

1 12 14 16 1.8 2 22 24
Alargamiento A

directriz
orientacién del ensayo
vectores de anisotropia

ag = cos(y — a)E; +sin(y — a)Ey
8o = cos(y + @)E; —sin(y + a)E,

fibras de coldgeno
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