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Behavior Of Material Under Mechanical Loads
= Mechanical Properties.

Term to address here...

miStress and strain:
®m These are size-independent measures of load
and displacement, respectively.
mElastic behavior:
mRecoverable Deformation of small magnitude
mPlastic behavior:

®This permanent deformation behavior occurs when
the tensile (or compressive) uniaxial stress reaches oy.

mToughness and ductility:
mDefining how much energy that a material can
take before failure.

mHardness:
®The property of being rigid and resistant to pressure;
not easily scratched.
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Types of Stresses/Load-Strain/Displacement

Tensile Compressive
e
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Stress: o = F/A, (MPa @ N/mm?),
F: isload (N)
A,:cross-sectional area (m? or mm?)

Strain: & =Al/l, (x100 %)
Al: change in length

I,- original length (m or mm)

Shear ; :
. Torsion

Shear stress: ©= F/A,
F is applied parallel to upper and lower faces each having area A,

Shear strain:  y=tan0® (x 100 %)
0 is strain angle

Torsion: like shear.
LLoad: applied torque, T

Strain: angle of twist, ¢.
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Stress

(¥

Elastic | Plastic

Stress-Strain Behavior

Elastic deformation

Reversible:

( For small strains)

Stress removed = material returns to its original size

Plastic deformation

Irreversible:

Stress removed -» material does not return to its original dimensions.

Yield Strength (o))
®  The stress at which plastic deformation becomes noticeable (0.2% offset).

-

® P the stress that divides the elastic and plastic behavior of the material.

-

The Stress - Strain curve
Divided into 2 regions

Stress”

N

Strain

0.002

Elostic Region

Plostic Region
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Linear: Elastic Properties

* Modulus of Elasticity, £:

(also known as Young's modulus)

« Hooke's Law: ut tensio, sic vis ( "as the

extension, so the force”)

c=FLtg

Linear-
elastic

>» &

Units:

£ [GPa] or [psi]

o: In [Mpa] or [psi]
g [m/m or mm/mm] or [in/in]

e
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Here: The Black
Outline is Original,
Green is after
application of load
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Other Elastic Properties

GM

e Elastic Shear ™
modulus, G: | simple
FL torsion
=G 1| test
J Nl
M ;
e Elastic Bulk P
modulus, K: *l'
DV - b P
P=-Ki,~ pressure
VO T test: Init.
vol =Vo.
 Special relations for isotropic materials: \fogitlg-
G = = K= E E is Modulus of Elasticity
2(1+n) 3(1-2n) v 1s Poisson’s Ratio
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Atomic Demo of Plastic (Permanent) Deformation

« Simple tension test:

Elastic+Plastic

stress. o A lat larger stress
permanent (plastic)
after load is removed
: >
—> Sp strain, ¢
p|astic Strain Adapted from Fig. 6.10(a),

Callister & Rethwisch 8e.
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Tensile properties: Tensile Stress
e TS is Maximum stress 0on stress-strain curve.

Adapted from Fig. 6.11,
Callister 7e.

TS

__—F =fracture or
ultimate
strength

Stress

Neck — acts
as stress
concentrator

strain

« Metals: occurs when noticeable necking starts.
» Polymers: occurs when polymer backbone chains are
aligned and about to break.
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Tensile Stress : Toughness

m Measure the energy to break a unit volume of material
= Approximate by the area under the tensile stress-strain curve.

A small toughness (ceramics)

Tensile | large toughness (metals)
stress, S l

i TN

Adapted from Fig. 6.13,
Callister 7e.

Tensile strain, e

Brittle fracture: elastic energy
Ductile fracture: elastic + plastic energy
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| Brittle

Stress

Tensile properties: Ductility

Moderate ductility

T,

High ductility

Strain

otress

Brittle

Ductile

Strain

The total elongation of the specimen due to plastic deformation, neglecting the
elastic stretching (the broken ends snap back and separate after failure).
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Tensile Properties: Hardness

m Resistance to permanently (plastically) indenting the surface of a product.
m [_arge hardness means:

m Resistance to plastic deformation or cracking in compression.

m Better wear properties.

apply known force measure size

€.g., ’ of indentation after

Hardened 10 removing load

mm sphere

— |\/| Smaller indents
D d mean larger
hardness.

most brasses easy to machine cutting nitrided
plastics Al alloys  steels file hard tools steels diamond

— | S E—

Increasing hardness
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Mechanical Properties of Polymers

There are three typical classes of polymer stress—strain characteristic

T T T 10 Chain folded

ol T - model: crystals
A 8 are actually

50 small platelets

of interwoven

& 40 e mg .
g 1| [ | .l S polymer chains .
§ 30 e 7
: ’ highly ...... ... — elastomeric
20
2
10
! : 0
0 1 2 3 4 5 6 7 8

Strain

Mechanisms of Elastic Deformation, in
Amorphous & Semicrystalline Polymers

A

Mechanisms of Plastic Deformation .
- Semicrystalline Polymers [

* Elastic deformation takes place due to the

elongation of chain molecules by bond

stretching (all regions) and bond rotation

(amorphous region), along the direction of the

applied stress.

stable conformation

Bonds do not break and chains do not slip
past each other.

bond stretched
and rotated
Inter-molecular bonding (................. ) / e s
. folded lamellae and ongation o Tilting of S fion:of
1s. much weaker than other t_ypes, hence | g — e amorphous e jamella chain e;éar;z t:l:li:e Ortentation of
yield strength of polymers is low amorphous material chains folds block segments  block segments
compared to metals or ceramics. wstressed” conformation before deformation and tie chains

with tensile axis
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General Classes of Materials

10,000
Ceramics Z
T Composites | Metals
:g: ~and alloys
1,000 :
Polymers

a 100 /
=
=
=
E 10

Porous

Ceramics

Wood and

1 wood products
-
i Ceramics char shows comgrassse strengh,
tensia svength typaty 10% of compressve
l Foams Other materials sTengh 1 Sensoniomprasson
0.0001 0.001 0.01 0.1 1 10
<«—— Brittle ELONGATION Ductile —>»
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Fig. 2. Normalized engineering stress versus engineering strain curves

showing the effect of relative humidity on the tensile properties of PA6.6 AEM TE AM

matrix subjected to different displacement rates. .
mechanical and thermal aspects. Polymer Testing, Elsevier, 2014, 34, pp.290-298. Anion Exchange Membrane



Approaches to get better Mechanical Properties

LOHgCI’ chains make Stronger e Molecular weight Mw: Mass of a mole of chains.
polymers - T
y ) smaller My larger Myy

‘ o * Tensile strength (TS):
. * Thereis a critical length --often increases with Mw.
E’ needed before strength --Why? Longer chains are entangled (anchored) better.
3 mcreases. e 9% Crystallinity: % of material that is crystalline.
. « An average No. of 100 --TS and E often increase
Number of repeating units " 11Q 1 with % Crystallinity. .
Figure 31 Tﬁere[arianzziptbet?ﬂeen tensile repeatlng unlts 1 __A | crye.;talllne
strength and chain length for a polymer. necessary for HC nnea |.ng cau;es region
polymers but only 40 for crystalline regions amorphou
nylons. to grow. % crystallinit region
increases.
Crystalline polymers ..
ry . pOLy o Plasticizers
+ Crystallinty is areas in crystalline region

Are small molecules which occupy position

» Both amorphous and — = 1. Toincrease flexibility, elongation and to

. : L i
crystalline areas can exist J “’ %‘ reduce hardness and stiffness.

polymer where chains \SV f-“‘ between polymer chains (like adding
packed in a regular way. S “\;J‘ //‘ water to mud to make it easy 1in molding
) el )
N —
-"-“ ]
in the same polymer. \"w 2. Tolower the processing temperature
YaSDB
7

v

(energy saving, decomposition preventing)

« More crystalline polymer
causes stronger and less

amorphous region

Il"'“"'“'l"lll"“

Figure 32 Crystalline and amorphous regions
of a polymer.

-1 - - “
flexible polymer. "“:‘ . ‘5"‘- o000®
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Essentials of Materials Science & Engineering
Second Edition
Authors: Donald R. Askeland & Pradeep P. Fulay

Materials Science and Engineering: An Introduction
Sixth Edition, Author: William D. Callister, Jr.

The Science and Engineering of Materials
Fourth Edition, Authors: Askeland and Phule (Fulay ?)

Introduction to Materials Science for Engineers
Sixth Edition, Author: James F. Shackelford
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.. Quick Method List

Create New

Method B Open Method i

92 User Accounts [l Hardware Settings | ¥\ Options

Method Key Word Username Folder:

" settings

Select Method

i H§ Open Test

and Test

/




File Edit View Test Tools Hardware Window Help
Basic setting. Unit Format
Test Mode
o " English ’ﬁ
Rounding Rounding -
1 Select Test Mode " Metric
Single -
Fcl:nrc:e N 211 |Force [ Force ]
2 Select Test Type Disp. mm = Disp. mm v Disp. Auto v
S = <S— 7| [ohes N/mmz2 v Stress Auto v
Strain Yo - . : = . .
3 Select Units Test Type &= soc = Strain Yo hd Strain Auto hd
Ime. —| [Time 5ec i Time Auto -
Elastic Nimm2 S| | Erastc Nimma2 hd Elastic Auto hd
4 Select Formattings Tensile |Slore N/mm | |slope Nimm - Slope Auto A
R d ad Energy J hd Energy Alto hd
5 SelectJigs n value Auto vl7
Jigs
Force Polarity Jigs Extensometer
Save a Method file Tensile '
hl | Type Name Remarks Type Name Remarks
Test with this method
Force Direction
Finish
Up w v
Chamber Others
{ Rules of unusual judging Type Name Remarks Name Remarks




Fle Edit View Test Tools Hardware Window Help

el o R | Specmen |

Settings of the channels Channel:

and sensors. I
1 |5tress €< 1 iForce v
1 Setforce and stroke 5 ‘Cirai =] 2 |Stroke
limits iatrain &= 7]
Force Channel: Force Amp. v 3 None -| 3 None M
9 Setchannels for R
extensoetc Name Force
_\,-\—
3 SetFs, limit, GL efc Full Scale: 100 | N
Stroke W Limit: 100 N
4 Set Sensor for main
e ' Lower Limit A N
5§ Setthe size [ Stress
Name Stress
Extens...
Save a Method file Use True Stress
Test with this method - Sizes:
Finish Wil ) Small
idth...
@) Standard
[Large
|
Others ‘
v Filter
e
Define
e




fle Edit View Test Tools Hardware Window Help

Settings of the testing

information, A [Load ERY E§ | K K
1 Setthe disp.orgin contol[Stake ] At |Load 4

Vi 1
2 Select Act. of Area1 mmimin v

| Stroke

3 Set Control and Speed | Mmmin ﬂ

4 Setthe change point ' \

5 Set AreaZ, 34 and End
Settings Disp. Origin

Start v

Save a Method file
OFF v
Test with this method
Finish
End Seft Break Detection Break and Limit Action
L v Level
N @5Stop  ()Retum
Samplings
:3.—
Pre-Test
L




File Edit View Test Tools Hardware Window Help

Sei Spocnmn | Semsor | Specimen Data Processing
Settings of the specimen. -
Material: Plastic v No of Batches: 1 Size Unit: | [mm v
1 Select the Material Shape: Plate = Qty/Batch: 1
2 Select the Shape Sizes: Data/Constant:
[ Represent ] [ AutoNo. ] [ Reset No. ] [ Figures ] {Represenl” Edit H Delete J
3 Enter the No of Batches Load
and Qty/Batch J 0 collectvely l Add
s e ‘ Name | Thickness | Width Gauge_Length
nter the specimen :
sy 8. N | Lomo [6L(G)
-1 |QA-X-KHSEB! 1.0000 10.0000 1-1
5 Setthe Data/Constant ]

Specimen code, wide & length

Save a Method file

Test with this method

Finish

Cancel

T . 6L(e)




File Edit View Test

{ Setup D.P. ltems.

Settings of the data
processing options.

1 Click on the formula
icons

2 Setparameters

3 Set pass/fail options

4 Selectthe Statistics

§ Define any custom
formulas

Tools Hardware Window Help

T e L s || e || swaw

Data Processing

Save a Method file

Test with this method

Finish

Cancel

Single - Tensile Data Processing
Data Processing Print |+
Elastic L4
=
Preset_Point 'l
LASE x| 3 i f
YR v
PaintFicking j
Specimen j
LYP -
Nin —
Edit Delete ‘ A Y J
Energy v|
Statistics
J v
EASL v v
I_ aximum
[ | Minimum
: v
Define Formula: :
[ |Median
Set Formula i‘ " Variaon
[ |3Sigma
100 = Edit d
[ : |_ A\'el’age*' 5 S\gma
2 T - 2 [~ |Average- | 6 |Sigma
3 M = Edit
4 = Edit
5 M = Edit
(i M = Edit
1 M = Edit
8 M = Edit -




Fle Edit View Test
Setup Charts

§Settings of options for 4

charts.

1 Select Chart No

2 Select Over lay

3 SetYand X axis

4 SetDisplay Settings

5 Setpassifail area

Tools Hardware Window Help

Save a Method file

Test with this method

Finish

- Y-Axis

System Testing Data Processing
L spen (L Sesor [ Tesing |l Speeinen || DataProcessing _|

Channel

i |Stress

r X-AXis

o |

Channel

Maximum
| 100
MPa

Minimum
0
MPa

H’Strain ﬂ

Maximum
| 600
%
Iinimum
0
%
Log

Chart1 v
Overlay
Offset
Basic Settings
05 v
—
X2
Display Settings | v
] X
V| AutoScale : Testing
Pass/Fail Area AutoScale : Reanalyzing
AutoScale Ratio
=120 v

~Y-Axis - X-AXiS
Channel Channel
|Force Y |Disp. j
Maximum Maximum
| 100 | 100
N mm
Minimum Minimum
] 0 | 0
N mm
Log
| Y2-Axis —  ~ |X2-AXis E—
Channel Channel
Maximum Maximum
N mm
Minimum Minimum

mm




/ Setup Report
Settings of the report
information.

4 Click any item on the
Designer

2 Double click for
Title,Comment,ltems

3 Set properties

4 Setthe page settings

Save a Method file
||

Finish

ST ———

Cancel

Preview

Specimen

@ openTemplate |7 SaveTempiale || PageSep | RepiE

Data Processing Report

|:|'IILII'ZII'3'|'4'|'5'|'6'|'?'|'8'|'9'\'1.0'|'llllluwlljll‘l't'l']s'\'lsll‘l?lllm‘lll._

J [ ReportDesigner

Key Word

Product Name

Test File Name

Method File Name

Report Date

2017-04-19 Test Date

Test Mode

Single Test Type Tensile

Test with this method :

Speed

10mm/min Shape Plate

Name

Parameters

100

90

Stress(MPa)

60

‘Comment =

120 180 240 300 60 420 480 M0

Strain(%)
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Select Method

and Test TR

Key Word

‘ ‘

Method
=1}
Includes sub folder

File Mame

SRECYCLE.BIM

@naviv

BR

HL

Systemn Volume Information

topsin

HEM
| New peel do not delete-1.xmal
| New peel do not delete-2 xmal
| New peel do not delete. xmal
| QA-x-HSEBS-30-trial xmal
|| QA-X-KHSEBS xmal

=
=2
=2
=
=2
=
=2
|
|
|
|

4

File Mame
QA-X-KHSEBS xmal

File Type EZ-L.S Method Files (* xmal)

Username

Key Word

2015-12-02 2 & 1:33C
2016-01-20 2 F 4402
2017-03-18 2 & 10:27

System -
2016-08-11 2 10:42 TestMode Single
2015-12-02 2 % 1:33:C TestType Tensile
2016-01-20 & & 4:23:C
2016-01-20 T & 5:04:C Machine Info.
System Administr 2016-07-18 2 & 2:01:132 KB Capacity 100M
Systern Administr 2017-04-05 T = 342276 KB Machine MNo. 346-54909-21

2015-11-19 2 ¥ 3:24:034 KB

Systern Administr 2017-04-11 2 % 542112 KB User Info.

Systern Administr 2017-04-19 2 & 11:18 12 KB User Name System Administrator
Testing
Areal
Act Load
Control Stroke
Test Speed 10mm/min

ﬂ Specimen

Shape Flate
Mo of Batches: 1
Qty/Batch: 1

Sizes: Data/Constant:
I Represent J [ Autoo. ] I Reset No. J
‘) o collacivel)
Mame Thickness Width Gauge_L ength
[ =] ] vl IGL(G)
0 1- 1 1.0000 100000 21 0000 1- 1
[ 7]
W
Pl - Modify those term
[ =]
GL(E) IGL{GJ

e S |
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File Edit View Test Tools Hardware Window Help

=, i "
QuickMethodList | New » Open ~ J B 2“ % 1 3
- )

MPa | Strain
Name : QA-X-KHSEBS
75- -12.0810
m El Chart1 X || Quick Setting Panel | Results(Batch) A
100 .~ n »
\ :
Test Speed 10 \ -
-
mm/min \ .
a0 Send Speed mm/min ol
Full Scale:  CP N w 't c
L]
> L
100 MNo o he :
N — 80 »
i Represent
Break 70 FORCE/STRESS
ON
3 1-1
60 ZERO,
— -
I < | :
Specimen Sizes = | -
7 50 L Ibf = /Area
® A
B Input Report ltems 7] Report - Titl EXTENSION
- 40 =
,@ ReAnaIyze File Edit View Test Tools Hardware Mﬂdﬂlﬁl : Help - -
Quick Method List j New ~ Open = -j ":j \) > A B o
ER  Open Test 30 Vz ‘M " e - ‘
n Open Method Tests Completed. ' 2 ; . mREAL “,
A  PEAK
20 mowc: \ - —
100 & B
" Test Speed 10 = 5 "
mmimin 90 W MENU 2 ]
Full Scale: CcP ‘.m '
100 — 50 |
Y N —
Returns to 0 60 = 7
4 TRAPEZIUMX Home Break 0 <
/ N ¥ v
60 s |
T 50 o
xtest “’4 Report - Title
20 Tille
E Input Report ltems
20
T
............ SUBJSCE Setltems B
10 Key Word j
Product Name
Test File Name
0 Method File Name QA-X-KHSEBS xmal
Report Date 2017-04-19
10 Test Date —
0 60 120 180 240 300 360 420 480 540 600 || |TestMode FhEE
Returns to A
+ TRAPEZIUMX Home Strain(%) e e " ]+ pne




