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Testing of materials

Tension Test
Dr. Karim Helmy

Universal Testing Machine

Fixed head

Movable head

01-Oct-18



01-Oct-18

Tension Test Specimens

Tensile Test Specimens

Tension Test Setup

Manual non-shift wedge
type grips

Extensometer

Test specimen

Electrical resistance
Wedge grips strain gauge
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Test Data

* Record Load and extension, either manually or
automatically

* Either the load — extension or stress-strain
curves are plotted and useful data are
obtained from the curves regarding the
material properties and behavior

Stress Strain Curve (Mild Steel)
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Conventional and true stress-strain diagrams
for ductile material (steel) (not to scale)




Engineering Stress & True Stress

* Engineering stress
— Force divided by the original area of cross section
(F/A)
* True stress

— Force divided by the smallest area at that load
(F/Anin)

— After necking the dimensions for the smallest area
must be measured during the test

True stress

* Before necking A .. could be calculated assuming

constant volume

min

b AOLO = AL
™ a7 ALy
. _ F(Lo+AL) _ FLy | FAL
£ Agly Aol | AoLo
F AL
* Oy =—(1 +—) =o(1+e€)

01-Oct-18



Engineering Strain & True Strain

* Engineering strain is the increase in length
divided by the original length

_L-L, AL

B LO - LO

&g

* True strain is the increase in length due to a
the increase in load AP divided by the length
at the time the load was applied, true strain is
the summation of all strains up to this point in
loading

Engineering Strain & True Strain
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Engineering Stress-Strain curve Vs.

True Stress-Strain curve
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behavior

Conventional and true stress-strain diagrams
for ductile material (steel) (not to scale)

Types of Materials (Ductile)
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Types of Materials (Semi-ductile

\O Ne)

—~

Types of Materials (Brittle)

% Elongation < 5%

o
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Information Obtained From Tension Tests

* Percentage elongation
— AL/L,x 100
— Gives an indication to the ductility of the material
* Area reduction
— 2 % 100
Ao
— Can also be used as an indication of material ductility

* Strength
— Ultimate strength O;- maximum force per cross section area.

— Yield strength Oy- force at yield point per cross section area.

Information Obtained From Tension Tests

e Stiffness resistance of material to deform
under load while in elastic state.

— Stiffness is usually measured by the Modulus of
Elasticity “E” (E=o/€) Within the Elastic range
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Modulus of Elasticity Types

Tangent Modulus E,

Initial Modulus E;

4 -
’ Secant Modulus E, -7

-

/ 7 -
/ 4 ,z—]’ Et

-
-

Resilience

* The ability of a material to absorb energy
when deformed elastically and to return it
when unloaded

* Energy is the product of force and
displacement

U, = PeAL
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Resilience

p

AL

Modulus of Resilience

* |s the amount of energy that could be
absorbed elastically by the material per unit of
volume
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* |s the ability of a metal to deform plastically
and to absorb energy in the process before
fracture

* Toughness gives an indication about the
ductility of the material. Ductile materials will
have larger toughness than brittle materials

Modulus of Toughness

* Modulus of toughness is the toughness per
unit volume

o

Modulus of toughness u,

(b)
Copyright © 2005 Pearson Prentice Hall, Inc.
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Resilience and Toughness

Load -deformation curve Stress - strain curve

Resilience Modulus of Resilience
Area under curve up to Area under curve up to
the elastic limit the elastic limit

(yield point is normally (vield point is normally
used because the elastic used because the elastic
limit is usually hard to limit is usually hard to
determine) determine)

Toughness Modulus of Toughness
Area under the entire Area under the entire
curve curve

Strain Hardening

o
elastic plastic
region region 0-
* =g
COE
/
I':’
A / - g — —
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2
v
E ,//,!lnload
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@
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f set recovery (a)
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Proof Stress

* For materials with no definite yield point the
proof stress is used instead

* The stress that will cause a specified small,
permanent extension of a tensile test piece
(0.1-0.2%)

* Commonly the stress to produce 0.2%
extension for steel

Proof Stress

~

Proof Stress oy

o=F/A

0‘2% e=l/L
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Effect of Carbon Content

hard steel

(0.6% carbon)

highest strength
structural steel
(0.2% carbon)
toughest

soft steel
(0.1% carbon)
most ductile

€
Copyright © 2005 Pearson Prentice Hall, Inc.

Effect of Temperature

Temperature
increase

Increase in tmperature above 250 causes increase in
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Effect of Test Speed

* Increasing the rate of loading increases the
strength and decreases the ductility for ductile
materials while having no effect on brittle
materials

Failure Shapes

Ductile cup and cone failure Brittle failure
Semi ductile shorter neck
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15



Failure Shapes

T Brittle Semi ductile Ductile

(@ (b)) (o)

Commercial tension test

May not be fully Instrumented test

For materials with yield point yield load could be
obtained when the load fluctuates and in this case the
elongation could not be measured

For materials without yield the specimen must be
instrumented at least until the specimen undergoes
significant deformation beyond the proof stress, the
instruments could then be removed to avoid damage
at failure

Ultimate load is recorded to obtain the ultimate stress

The percentage elongation is obtained by measuring
the length of the specimen after failure

01-Oct-18

16



Steel Specifications (2007)

Steel Grade Min Yield of proof = Min ultimate stress Min percentage
stress (N/mm?) (N/mm?) elongation

240/350
280/450
360/520
400/600

Steel Specifications (2017)

Steel Grade Min Yield of proof Min ratio of ultimate Min percentage
stress (N/mm?) stress to yield or elongation
proof stress

B240C-P

B240D-P
B400C-R
B400OWR
B350DWR
B350DWR
B350DWR

01-Oct-18

17



Stress strain curve (Cast Iron)

o (ksi)
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o€ diagram for gray cast iron
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Stress Strain Curve (Rubber)
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o—€ diagram for natural rubber

Copyright © 2005 Pearson Prentice Hall, Inc.
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Stress Strain Curve (Concrete)

o (ksi)
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o—e€ diagram for typical concrete mix
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