Stress and strain:
Basic concepts
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Tension tests

(Uniaxial) tension test: the most common mechanical
stress-strain test performed in tension (2! &)

Al H(specimen)2 =2 Lt 1| (fracture) 7| 2 det
I 7kX| =74 £t

Dogbone 2 FO| A|H

Load-cell: A|HO|| 7tSH Xl forceE A

_ Tensile tester
Extensometer: A| 2| Z 0| (elongation) HZIE FHH

Reduced section

i 60 mm i

: t
-——-—+—-——-112.8 mm Diameter— {—— - —+# -19 mm Diameter
E v

l 50 mm ! Z\
Gauge length 9.5 mm Radius

Extensometer

Load-cell

Images from Callister, Int. MISE
http://www.epsilontech.com/products/axial-extensometer-model-3542/



7| AE =80 A HtHE S2|F
S H (stress)
HHE (strain)
TR/ SHQ AR A /MEt HE E Q A (normal and shear
components)

xS0 B2 2|0 A=
Hl A (tensor) O| Sl

Coordinate transformation rules
Coordinate transformation matrix
Understand Einstein (summation) convention

Euler angles
Practice coordinate transformation to vector, 2" rank tensor using Excel, Fortran, Python...



Mechanical stimulus/response

Force
Deformation

Stress
Strain

Size-dependent

Stress

Size-independent

Stress

Strain

2tA|: material property

Strain

Constitutive model;
Constitutive equation
TAYHA



Mechanical stimulus/response + property

A A=t A XAr=22 2 7| Qo 7| AN BES ALl o] 2HA| S

Odefet AANE|= o2 FEj o =& D@ o = LIEtE == RULCH
O ESO|CHE ot 22 F= A& O|CH (Xt =2 HE)
akoF 7| & RF2at #HS 0| A& H 0|2} 327
X

UhS= MELKRLT + A2
y=ax+b O HEf (xotyi 242t XH3 T} EHS, a9 b 2HO| ¥
X3 = whS /41 42

|AH A=1t 7|AH Bts, 22| O 59| 2 (ZHERe o 52| Bhd)

o = Ee (0: &3 E: elastic constants (modulus), : HH &)

AN At=1p 7| AN 2S0| 02 B dF X0l 2 7t 47
O: 252 28 - 7|AH A=0]| S&5| & W LtEH

2 =7, % (T0) U oA LHHEE S5 o £ O HMEH BA S ROl
Ts

7| AE Rr=1F ™ 7[ A 28, A2[10 1 F2| 2HA (piezo electricity)
e = dFE (e:strain, d: piezoelectricity constants; E: electric field)
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HEAE 2 T=Z Greek lettere, 22 ¢ (W AHE)2 2 LIEFHLC}
c2 MNHAHE 2 SEHIAEE 1202 AR oL}, 22| 490 2 A FE[X]
ULTt S T EHA| U0 HAEZE 7IFSHLCH *7t= e 7|2 E AFESH |

SEO| A2 o (sigma, A| 10N EZE EHSHAILCE
OrX7EK| 2 S 0 TS 20| =X oLt THO| 2t gendt @ gtrue 52| K™K} (superscript) =
AESHY F&2oHICt

ch A4S
EQt GE 424 (X=/01 %) Bt Al MEt EHY A== 2510 AFESHILCE
v & F0}t& H| (Poisson ratio)

>
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a¥ :vyield stress (strength)= Y A X} E

e¥ (B2 £Y): yield point Of| SHESH= HAE
o, 7: 5/C% S8 HE (normal stress component) 12| 1 M EH S 3 A& (shear
stress component)S T & | At

=

L
e(e), y: A= O HAHE /4= (normal strain component) 12| 1 MEt HAEE A&
(shear strain component)E T+=& [If AFESHICEH



o= 2| S F (from Callister textbook)

H=5

Oot=

(compression)
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Images from Callister, Int. MSE
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SHIIHA S S 5= WHO| CHl| ZHEHS| 2| =dl| 2 X}
Q. €= 2% (uniaxial tension test; uniaxial tensile test) 210f| CHSH Hi & =72
Q. €= A= O|H 7| AN HEHEZZ F5E = U7t




Measuring strains

Measuring Relative
motion of two points

Strain pertaining to a smaller area (point)
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Mechanical extensometer and gauge
blocks




two points =7

u(X) »

A




Broken and new test piece
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- Material with yield point

Channel name MaterialsScience2000 - Material without yield point

in youtube:



https://www.youtube.com/channel/UCSIb8aIGcp7Trr48SAUaCvQ

Tension tests

Calibration

% calibration data obtained using gauge blocks

08 - 04 - X
X
0.6 - 0.3 - X
; X
0.4 - =024 X
X
X
X
0.2 1 01 X
X
X
X
0.0 1 0.0 -

-2 0 2 4 6 -3 -2 -1 0 1
Voltage changes from longitudinal extensometer [V] Extensometer voltage

Voltage from load [V]
Calibration

[ ]
[ ]

Load cellZ} extensometer= M 7| A
M= E ECOH M7 A Lz of HX
physical quantity (Force &= Z 0| a2
H3} = calibration= &0l HEH A|ZICF,

Force [kN]
N




Tension tests

Force [kN]

N = Summary:
o Load-cellZ} extensometer= M 7| A
. =2 E |OF 2Ly,
o Load-cellZ} extensometer2| calibration
2] 4| O|E & ZE3H Force2l displacement=
H 2t SHS T
H = Force and displacement= A|EHS| 27| 0] L2}
N HSHTE el 7| AN Ed2 B
0.0 0.2 0.4 056 0.8 &.'Exl o L_-|'.
cisplacement finches} = A|EHO| J7V|0| REtot F2|FH o 2 HH =
AojHe

= O|EA AlHL[ A7|(7]3 P§.48¢)§§I¢§f(7f%5mﬁ 2t 5| K| AH) oF7| 2{shA
SN HEES A|--9-o|-02| :

FCH
= Force2} dlsplacement 212t S HAE = T =215H0{OF otCY,



= engineering
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15mm — 12mm

E =

02231 ...

12 mm

e=In(1+¢)
= 0.5

Step 1

= 0.2

In(1 + €) = 0.1823 ...

12mm — 10mm

& =

10 mm
In(1+€) = 0.4054 ...

15mm — 10mm

€
&

10 mm

&

Step O



C!'S (tension and compression)

b A — — —
Y 2R AZHO Ao = 20| A, 0 2 FE2signl =

OI& 2 2if HAEZ positive value

A= 2 2} HHEO| negative value

CHA| @1 20| &= 20| B[S &O0|SHL.

Disk compression test is a popular
method used to measure
anisotropy of sheet metals

Fig. 4.4 Disk compression specimens for TWIP940 before (left) and after (right)

deformation. The left one is original, the right one is deformed.

Xu Le, POSTECH, Doctoral Thesis 2011
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Compare engineering strain/true strain

True Strain

Engineering Strain

http://www.continuummechanics.org/images/truestrain/true_vs_engineering.png
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(shear test)
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(shear test)
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(plastic deformation)

ok

Upper yield
point

Lower yield
point

Elastic
+
Plastic

Uy

Strain

Strain
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(a)

Smooth

Yield point phenomena (more details in next

slide)

transition




Yield point phenomenon in mild steels

e Liders band

Nominal | * Upper and lower yield points
stress o

Observed R, -

L)

Observed R, Fracture

Cg Elastic

region

cmemomememmem e same s i

Plastic region
(plastic deformation
band, Luders band)

Longitudinal section
of cylindrical specimens

i

i

e

Nominal strain ¢

* Schwab and Ruff, Act Materialia 62, 2013 p 1798-1808
* (Luders bands image from https.//www.doitpoms.ac.uk/tlplib/metal-forming-3/plane stress.php) - which is
originally contributed by Mike Meier, University of California, Davis



https://www.doitpoms.ac.uk/tlplib/metal-forming-3/plane_stress.php)-

OI& LT (tensile strength, tensile stress)

WA= strength®f stressS T — =32 8F & X (strength)= ArS. SHX| 2 ol &
H=0j| A= 50| +26FXA| R ZICE - since the exact meaning of the term may
depend on whom you are talking to.
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Stress

It o[ off O =Lk (F).

« TSTHA|= & LSHhomogeneous) H Y.
J0|2=2=otR 20| HAO| HE
O|2 QId, ot &2 ZHO| =X/ &=
o1 2k (necking) 224,

o TEX= Y HYE AL FO T
Sts= 74 OfF otrt.

Strain



