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Canyon Bridge, Los Alamos, NM
(photo courtesy P.M. Anderson)
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Modulus of
Elasticity Shear Modulus .
' Poisson’s
Metal Alloy GPa 10° psi GPa 10° psi Ratio
Aluminum 69 10 25 3.6 0.33
Brass 07 14 37 34 0.34
Copper 110 16 46 6.7 0.34
Magnesium 45 6.5 17 2.5 0.29
Nickel 207 30 16 11.0 0.31
Steel 207 30 83 12.0 0.30
Titanum 107 155 45 6. 0.34

Tungsten 407 39 160 23.2 0.28




i b (8310 50 ST Jouk dwlxo (Slanly

Stress o

U'2

H'l

P =L WL W) |

7,
y/
2

Tangent Modulus

______—————————————_/ JLPBU&&\-\MJJ U‘m )

O e Apalaa

Ao
/ 3 = Tangent modulus (at o)
€

5 Secant Modulus

o _ Secant modulus Mgl ) adall g3 Jad Ll

(between origin and o)

N
l/ll/
m

Strain e



Gy

Stress

ol ad Ol 1 5 > dolee

o= Kg"

(true stress) _ii> u:.;::G

(True strain) ii> i S €
(quAygfa)QUJA;K
work hardening exponent . ,5 clan:

<—0.002 ® Strain



Stress

Elastic | Flastic

|
|
I
| /
I
|

Strain
)-‘ L 0.002

Stress

Upper yield

Lower yield
point

Strain




Sy 5L e T 4
:( Plastic Instability Region )

Unstretched annealed specimen

P e ses——rsroocend )"

.’b"’" 4 O IUPIA bl i s Ml""‘ )

Annealed specimen full stretched




Stress

Engineering

Strain




31

*

LA

Y-

Sy

$Sal1S

Strain



4 o 090!

© 8 Ul A oS-
1 J 5

(0.321in.)

10 mm
(0.39in.)

le—] SCALE

10 mm
(0.39in.)

POINTER ok
HAMMER




450 S go3T £l

'\

N

Charpy

|Zod



Charpy Toughness

Oy M Py wdd Sl

Ductile Behavios

Transition Temperaturne

Brittie Behavioe

Termperature



:BCCoFCC sl 38 sl y p o 1 dwslio

>

Mild Steel (bcc)

Impact energy absorbed by sample

Zinc (hep)
o ,
./ Nylon
— | — —>
150 100 -50 0 50 100

Temperature ("C)



13190 (RS il (Slgo il

Grain boundary\ O O )
0000000\~"0,0
OO0O0000OO0 0O 0 0O

Slip plane —>Q— Q-Q—Q 9—_0—59- Q- QéOOOOO

0000 000\ 00
0000 0000V.0

O000 0000 %

Grain A Grain B




g0 (B Pl (Slgo Wlo

OOOO000
0/0/000.0/0

QO0O00O0

(b)



Tensile strength (MPa)

400

300

200

g0 (B Pl (Slgo Wilo

mbwﬁﬁu.f&’ﬁ”"’ﬁ/

4] 10

20 30

Nickel content (wt9)

40

50

Tensile strength (ksi)

Yield strength (MPa)

180

160

140

120

100

80

60
0

10

10

20 30

Mickel content (wt%)

40

50

Yield strength (ksi)



Ductility (%EL)

70

60

50

40

30

20

10

g0 (B Pl (Slgo Wilo

| 1040 Steel

0 10

20

Percent cold work

(c)

Yield strength (MPa)

800

700

600

500

400

300

200

100

1040 Steel

Brass

Copper

— 120

— 100

—{ 80

— 60

30 40 50 60

Percent cold work

70

Yield strength (ksi)



g0 (B Pl (Slgo Wilo

Stress (MPa)

600

500

400

300

200

100

Strain

| | |
| 249%CW
4%CW
0%CW
| | | |
0 0.05 0.1 0.15 0.2

0.25



Unload

Stress

Reapply
load -

Strain

—
Elastic strain
recovery



Slgo o 2 Jolgs

m







cone




TR

W

i s



K P S (39057 £ K

+
[
2
[T4]
© }
= Oa
in v
£ [0 or
o
2
i
wn
QL
a
£ Cycles — o Cycles —
(&)
|
| | | | |
o
-
=
E
£
S Fati
atigue (™~
g limit
&
| | | | | |

103 104 10° 10° 107 108 10° 1010

Cycles to failure, N
(logarithmic scale)



Stress amplitude, S

':f_}
—_

Fatigue strength
at N cycles

103 104 Fatigue life 107 951108 109

at stress S

Cycles to failure, N
(logarithmic scale)

1010



Stress amplitude, o,

LSS 08 g Pgo  Jolgs

‘Tm3 > U-mz > G_;rnl

O-?n]_

Om 2

”_m3

Cycles to failure, N
(logarithmic scale)

Seal 5V



LSS 08 g Pgo  Jolgs

axkd bV

B g

(b)
(ct)




Stress amplitude

LSS 08 g Pgo  Jolgs

Shot peened

Normal

Cycles to failure
(logarithmic scale)

b Oldes v



S Ogeil i B

= g0 3 ok sl ST s 5 b SO A aen sl T BAD
Ol 3 b

Rupture
X

Primary

—_

Ae

Creep strain, €

~<———Secondary

Instantaneous deformation

Time, t



o g lod i i S8y ¢ oo Jolge

T3>T2>T1

G’3>O’2 >O’1

X

T30r 03 X
Tzor oy X

I

Tl or 01

Creep strain

\

T <0.4T,,

Time



