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° ° Modulus of
Elasticity Shear Modulus
a S I C I y Metal Alloy GPa GPa Poisson’s Ratio

Aluminum 69 25 0.33
IBrass 97 37 0.34
- Copper 110 46 0.34
10mm9—| Xl%% 7|'x|_| %I'% EII- I:H Oﬂ Magnesium 45 17 0.29
A= dHisto 2 O| %t 22 Nickel 207 76 0.31
SEAIH XSS 25x10 7 mm 2 el - : 5
**A|9|h|}” E|9_'6 _CI)-l-K _6| o 1tanium X
T_L:H_ = = — S ( I:I) = Tungsten 407 160 0.28
Ttofet He 2 2 Btge =
78 do)
F=0A, = a(—) T (1)
F 2
T 2
v=—-2=034 (2)
VA
o z
- —
S % g —Ad _ —2.5x1073 (3)
i X dy 10
| | x
I | | — o L With (2) and (3), you'll get &,
| |
| | ° 0
| | Ad di_dO .
| | =g == Knowing [E ande, you can get the stress
L ) o = [Eg,

Using (1), you can obtain the force.

i
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(plastic deformation)
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Upper yield
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Yield point
phenomenon

(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)-

Plasticity (Z22‘3): thought experiment

Let’s conduct a similar thought experiment with an increased magnitude of force

1. Initial 2. Beyond Small load 3. Unload FA

bonds stretch

& crystal. 0 plgnes

planes slips R Still linear linear
due to /8| sheared elastic elastic 5, §
dislocation 5 plastic)

motion

Even after the external load is removed, the material does not fully recover to its .
original shape. Plastic means



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.

e b
joox
O%FE
o — 0%
~

Ho 4ot
=
1y

X

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



How to extract mechanical properties from stress-strain curve

Stress (MPa)

500 —

400

300

Tensile strength
450 MPa

Yield strength

200 i 250 MPa
/
/
/
| /
100 /
/
/
[
0 0.005
" | | |
0 0.10 0.20 0.30

0.40

YS, TS, E.

* You should be able to

graphically illustrate how to

obtain these properties.




Force required upon plastic yielding

Suppose that the yield stress of the
material is 300 MPa (=300x10°Pa).

F
T * Q1. If the initial diameter Dy, = 10
~—do—> ._'Z%” z [mm], how much force is required
) for this material to yield, provided
| | . that the yield stress of 300 MPa is
| | n bl an ‘engineering’ quantity.
bo | Tk T o
: : Ad _ 9i-do
i | =3, T Tdg * Q2. Repeat Q1 for the conditions
-—'&\\_,/5 that the yield stress of 300 MPa is
D e an ‘true’ quantity and the Poisson
l ratio is 0.3.
F

* Q3. How different is the answers to
Al and Q2, and why is that so?




Ductility (&)

Ju QO IIA| A= 7F LOtLt A dHE & = JA=X| & et
S X|#O|C}.
I #1540 0| WAMSHE FH2 QST R2CE S AN0| &t
= K| 24 BIHO| 70| YMBIR| %2 F4L brittledtCh (3]4])
Ductile Aol 42 20 M2t 45| He = QUL
Ductile to Brittle transition temperature
g \B’ See Fig. 8.14
3 |
|
|
|
|
|
|
|
!
Cl
. Article about Titanic
Strain

http://www.tms.org/pubs/journals/JOM/9801/Felkins-9801.html



A& 2 LO| MEE (percent elongation)= AFESH0] BEHHOZ B 75
EStA[EHe EIHAE ZHA S-S 0| 8o SHAHC=E HH /s
\ 11 Engineering
0 (lf _ 10) tensil
%EL = x100 ensile
lo L Ao AWML stress, 0
f

Ay — A .

o0RA = (<) x100 | A

- IREQ FREES2 B FUUOM SIS S ACI =& A4
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