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2.1 INTRODUCTION

High Cycle Fatigue vs Low Cycle Fatigue ’

= Each failure occurs by apparently different
physical mechanisms

= High cycle fatigue

= Low cycle fatigue

v' Significant plastic strain occurs during at least some
of the loading cycles.

v Relatively short fatigue lives between 10~100,000
cycles

v" Ductility and resistance to plastic flow are important

v Post welding treatment and high tensile material are 4
not effective. .

v Engineering Structures are designed such that the Notch Zone
nominal loads remain elastic. -

v' However, stress concentrations often cause plastic Smooth
. . . e . pecimen
strains to develop in the vicinity of notches.

v' Crack initiation life is estimated.
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2.2 MATERIAL BEHAVIOR - 2.2.1 Monotonic Stress-Strain Behavior
Basic Definitions :

= Engineering Stress and Strain P =applied load

|, = original length
d, = original diameter
-1, Al A, = original area

e = engineering strain = —= = _
| T | = instantaneous length
= The true stress is defined as the ratio of thé § = instantaneous diameter

applied load to the instantaneous cross
sectional area A AP

Ao @ [
o =truestress = E @ 1
A i
J4

S =engineering stress = —

= The true strain is defined as the sum of all PPN \o Sty
the instantaneous engineering strains. L_/"L
g =truestrain II d In |
lo | |O Lr
: . . P
» |ncase of engineering strain. original nstantaneous

-1, Original and deformed
configuration

. . . | dI
e = engineering strain =L I =
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2.2 MATERIAL BEHAVIOR - 2.2.1 Monotonic Stress-Strain Behavior

True and engineering stress-strain 4
e ——————————————————

True and Engineering Stress-Strain Relationship (valid up to necking)

The instantaneous length : | =1, + Al

I, + Al Al
The true strain : &=1In- = In[1+j =|In(1+e)

0 0
The volume remains constant up to necking

A=Al w1 D
A IO VI H’(—True o-€
c=1In L = In i :__Eﬂ : Engineering S-e
|o PA AO %% Ea Necking G‘:E?§?§
P=Sh o=L B ITIA 5L SN
T a E:-ﬂSfﬂE’ B 8
D| e=In(l+e)= In% »%=1+e

Engineering Stroin, e
True Strain, €

Comparison engineering and true

c=S(+e) e=In(l+e) B iy
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2.2 MATERIAL BEHAVIOR - 2.2.1 Monotonic Stress-Strain Behavior

True and engineering stress-strain
e ——————————————————————

(6.9)=(0.2,380) | &= InL+e) (¢, 0) =(0.182, 456)
oc=S(1+e)
600 ,
Necking Point

" S [
E v [ k. |

= i

| -

W

v

n —&— Engineering Units

—l—True Units
100
oM

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Strain [mm/mm]

Comparison engineering and true stress-strain %&9
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2.2 MATERIAL BEHAVIOR - 2.2.1 Monotonic Stress-Strain Behavior

Stress-Strain relationship 6

= Total true strain (&) = Linear elastic strain (&,)+ plastic strain (g,)
& =6 t&,

* For most metals a log-log plot of true stress versus true plastic strain

Is modeled as a straight line. oy
o=K(g,)" % :(E) "

K : strength coefficient, n : strain hardening exponent.

= True fracture strength P.
O =—
f Af
A; : area at fracture, P; : load at fracture.
True fracture ductility, true strain at final Clostic
fracture. Ao Unioading
glenizln L ,RA:AO f /
A 1-RA A, 4
/
RA : Reduction in area / :
. . et € € €
K can be defined in terms of g;and &; . DI Et*— e
o =K(g)" K=t Elastic and plastic strain R
n i /]

!
i

é_L((
E¥
| SE
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2.2 MATERIAL BEHAVIOR - 2.2.1 Monotonic Stress-Strain Behavior
Stress-Strain relationship

» Plastic strain can be defined in terms of these guantities.

O \1/n O
e =(— K=
P (K)

n
&y

D o

o}

af/g?

» Total strain can be expresses as

/ o o
)1 n _ ( f )l/n _ gf (_)l/n

O
& =& t&,
. . P
Elastic strain &
/
Ee Zg / ~
E /‘/ Elastic
: : / Unloading
Total strain can be rewritten as d /
4
c ,0\%
&=—+(=)" /
= (K) i
et €p Pl € €
g €4 Pl

Elastic and plastic strain ;;g*»&
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2.2 MATERIAL BEHAVIOR - 2.2.1 Monotonic Stres

s-Strain Behavior

True and engineering stress-strain :
—
s Example of True Stress-Strain Curve
= E =modulus of elasticity = 20600 MPa
= n = cyclic strain hardening exponent =0.193
= K =cyclic strength coefficient = 1210 MPa
True Strain-Stress Curve True Strain-Stress Curve
P
400 400 gp
o (ksi) "
o (ksi)
9 - 40
g e /
40 oo 20
20 h, B 10
00005 0.10 0.15 020 0.25 0.30 00 0,05 0.10 0.15 020 0.25

Engineering stress-strain curve (steel)

Engineering stress-strain curve (aluminum)

e,

!
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2.1 INTRODUCTION

Low Cycle Fatigue Calculation Procedure

Low Cycle Fatigue

*

True Strain Amplitude

*

al|

True Strain-Stress
Relations under inelastic
loading :
Hysteresis Curve

*

Stabilized Cyclic Strain-
Stress Curve

L)

270

/

Total = Elgstic angd Plgstic

Ne/2

Log Scale
m|.Q

109 2N,

?N.

107

Strain-life curve

Massing’s hypothesis

A Stabitized Cyclic
Stress-Strain

Curve

|

!

I

|

! -
0.002 €

1) Companion Sample
2) Incremental Step Test
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2.1 INTRODUCTION
Low Cycle Fatigue Calculation Procedure 10

Low Cycle Fatigue

*

Total = Elgstic angd Plgstic

Ne/2
m|.Q

Log Scale

True Strain Amplitude @ = 7
_ f Strain-life curve
/7 True Strain-Stress
1= | Relations under inelastic
7 loading : o :
] L Hysteresis Curve Massing’'s hypothesis

o . / o A

Stabilized Cyclic Strain-
R o S

Curve

1) Companion Sample
2) Incremental Step Test

|

!

I

|

! -
0.002 €

)%A
&

B
2=
Ze g
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2.2 MATERIAL BEHAVIOR
2.2.2 Cyclic Stress-Strain Behavior — Hysteresis loop 1

N —————————
= Cyclic stress-strain curves are useful for assessing the
durability of structures and components subjected to repeated
loading.

= Hysteresis loop : the response of a material subjected to
Inelastic loading.

-
= The area within the loop : plastic deformation work
done on the material

= Total strain range.

Initial
loading

Ag =Ag, +Ag,
€
= Total strain amplitude . A, ag, Ao
= € +
2 2 2 c
the elastic term may be replaced
| :/{ '{ﬂ.ée"‘[‘—
Ae Ao N Ag, .L A _
2 2E 2 :
Hysteresis Loop R
A i Y
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2.2 MATERIAL BEHAVIOR

2.2.2 Cyclic Stress-Strain Behavior — Baushinger effect =

_

1. Tensional loading : past
the yield strength, o,, to some
value o,

ok

max

2. Compressive loading :
Inelastic (plastic) strains
develop before -0, is reached.

Umax B
Oy -

20




2.2 MATERIAL BEHAVIOR
2.2.3 Transient Behavior : Cyclic Strain Hardening L

_

» The stress-strain response of metals is often drastically altered due
to repeated loading.

1. Cyclically harden : maximum stress increases with each cycle of strain.
— requires more load to keep imposing the constant strain.

1 3 5
+..,......_.. -— —— — e c—
Ao :
| \/ \ZTime | /3
Y __ N ____ 1
2 4 :
Constant strain amplitude / |
Ib—é
3 - |
-+ 1//
AN '
o _ 2 |
U Time
R VA |

q

-

G ——— Cyclic stress-strain
Stress response response
. . 7R _b
Cyclic Hardening g&i@
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2.2 MATERIAL BEHAVIOR

2.2.3 Transient Behavior : Cyclic Softening

14

2. Cyclically soften : maximum stress increases with each cycle of strain
— requires less load to keep imposing the constant strain.

+

€

AW

VT
T T2 T T T4
Constant strain

>q

1

3

w

~ 1 amplitude

-_—_3

N

—

Stress
response

A
| ./

Cyclic stress-
strain response

Cyclic Softening

3. Be cyclically stable : requires the same load
4. Have mixed behavior(soften or harden depending on strain range)
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2.2 MATERIAL BEHAVIOR
What is dislocation? 15

= Dislocation : a crystallographic(Z8 &4 9))
defect, or irregularity, within a crystal structure.

= A crystalline material : consists of a regular array

of atoms, arranged into lattice planes. Crystal lattice showing
atoms and lattice planes

b—

= An edge dislocation : a defect where an extra
half-plane of atoms is introduced mid way through
the crystal, distorting nearby planes of atoms.

= A screw dislocation : Imagine cutting a crystal Edge dislocation
along a plane and slipping one half across the
other.

Screw dislocation

1)

LEIND
oY,
%E-.

OPen INteractive Structural A


//upload.wikimedia.org/wikipedia/commons/a/aa/Dislocation_edge_b.jpg
//upload.wikimedia.org/wikipedia/commons/a/aa/Dislocation_edge_b.jpg
//upload.wikimedia.org/wikipedia/commons/9/99/Dislocation_edge_d2.svg
//upload.wikimedia.org/wikipedia/commons/9/99/Dislocation_edge_d2.svg
//upload.wikimedia.org/wikipedia/commons/5/52/Dislocation_screw_e.svg
//upload.wikimedia.org/wikipedia/commons/5/52/Dislocation_screw_e.svg

2.2 MATERIAL BEHAVIOR
2.2.3 Transient Behavior : Cyclic Hardening and Softening

_

< The reason of materials soften or harden

= For soft material : initially the dislocation density is low. The density
rapidly increases due to cyclic plastic straining contributing to
significant cyclic strain hardening

= For hard material : subsequent strain cycling causes a
rearrangement of dislocations which offers less resistance to
deformation and the material cyclically softens.

G . - - .
“t>1.4 : the material will cyclically harden GHard material
Ty -t «1.2,n<0.1
A O-y
Oyt

<1.2 :the material will cyclically soften

o, o Soft material

Gut 514, n>02

Oy

OPen INteractive Structural \f‘iﬁ



2.2 MATERIAL BEHAVIOR
2.2.3 Transient Behavior : Cyclic Hardening and Softening'’

N e————————
= Between 1.2 and 1.4, small change in cyclic response.

= Monotonic strain hardening exponent, n, can be used to predict the
material's cyclic behavior.

v' n> 0.20 the material will cyclically harden o =K(e )n
v' n< 0.10 the material will cyclically soften P

= (Cyclically stable condition reaches after 20~40% of the fatigue life.

= Fatigue properties are usually specified at 50% of fatigue life when
the material response is stabilized.

OPen INteractive Structural AM.:"



2.1 INTRODUCTION
Low Cycle Fatigue Calculation Procedure 15

Low Cycle Fatigue

*

Total = Elgstic angd Plastic

Ne/2
m.a

Log Scale

True Strain Amplitude @ = 7
_ f Strain-life curve
/7 True Strain-Stress
1e | Relations under inelastic
7 loading : o :
] i Hysteresis Curve Massing’'s hypothesis

IV |
f— Ne
toull |

Stabilized Cyclic Strain-
Stress Curve
Uitin'g ol - S e
1) Companion Sample
2) Incremental Step Test

Curve

!
|
|
|
i
0.002 €
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2.2 MATERIAL BEHAVIOR
2.2.4 Cyclic Stress-Strain Curve Determination 19

_

1.

Companion samples : A series of
samples are tested at various strain
levels and the stabilized hysteresis
loops are superimposed and the tips
of the loops are connected. Time
consuming.

Incremental step test : widely

accepted since quick and good results.

The response stabilizes after 3-4
blocks and fails after about 20 blocks.
The tips of the stabilized hysteresis
loops are connected — Cyclic Stress-
Strain Curve

Cyclic Stress-
o Strain Curve

ym

Companion samples

|| |

. ML i ||

. I ' Iil ) Hﬁ*h l i Lk Iﬁ

i! ‘ i J Hﬂiﬂiﬂ AR ‘ H ii:. .1!” |i \ &l

‘ LT M

H‘ L
1

J

0.01

{
i

20 cycles Time— 3=

Incremental step test
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2.2 MATERIAL BEHAVIOR
2.2.4 Cyclic Stress-Strain Curve Determination 20

—

= An example of Incremental step test

=

=0

—

33

L

Ful

S0

24 . 90
274

Strain(mm/mm)

0.007

0.006 f
0.005 f

0.004
0.003
0.002
0.001

-0.001

-0.002
-0.003 B
-0.004
-0.005 f
-0.006 ‘}
-0.007 B

Frame 001 | 04 Jan 2006 | Strain History Curve

1000 2000

; 3000 4000
Time(Sec)

Strain History

Cyclic Stress (MPa)

Cyclic Stress-Strain Curve
s00 T ER T
i AZL-L85-3 o I
Gtabilized Eviclic Biress h-Clirve
400 Strese-Stmin byrve.
¥ i .ll"'l l’ l;
300 FTRFERFERFERS]
f 4 L LT ¥ ¥ W
FI NN F i FJ F i
A H
200 77 FERaRREETER TS F S
s sy ¥ 4 F TN F 4
i FX L d NN FrEy Fri
F 4 rd LrL FENFHEN] F i Fi Fi
r V4 yFyri Frrs Iry Jry F i ¥ i
100 FEFTIFTTTRTERL] FEEARENET E BT RS
F 4 F 4 ¥4 rF¥: Irs F ¥ i F 4
Fd Fd Fa NI RNEN FEXENRIFNNA i F i
FiF¥i ri F ) Fi Fi f | Fry: ILF
O Frrr ¥ 4 FXNE N f F X F F X
T TEETREIETE T
F 4 ¥ FIXIELT T rENENi F 4 F i ¥
Frr Fi FANENNRL} FE N4 F i Frri F i
FREYENN] F N FEre s . Fd
100 ¥ i TR rrnyrfry ¥ i F i Ty F
- T ERRERTERTORERALT TINITA VI .4
Fi F Ny F F N 1L i Fd
F i I FNARESITNT RS )
I
=200 FEFTNTTRRTERIIN T
FENIENE NN ¥
F 4 I FasyEeEy i
l”l’ l"l’l‘" ¥ 4 ; ;‘
300 AT T
I
w00k Materiail: AH3
\Illhé- DJirection i Transverse.
500 - - poie
—%.00?5 -0oos -00025 0 00025 0.00s 00075

Cyclic Strain (mm/mm)

Hysteresis loop &
Cyclic Stress-Strain Curve
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2.1 INTRODUCTION
Low Cycle Fatigue Calculation Procedure 21

Low Cycle Fatigue

*

Total = Elgstic angd Plgstic

Log Scale
Ne/2
m|.Q

True Strain Amplitude @ = 7
B f Strain-life curve
/7 True Strain-Stress
1e | Relations under inelastic
7 loading : — .
L Hysteresis Curve Massing'’s hypothesis
R — 2 p——

Stabilized Cyclic Strain-
- o S

Curve

1) Companion Sample
2) Incremental Step Test

|

!

I

|

! -
0.002 €

)
1

s 5.“‘?’
(5830
ey
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2.2 MATERIAL BEHAVIOR
2.2.4 Cyclic Stress-Strain Curve Determination 22

_

= After the incremental step test, if the specimen is pulled to failure,

the stress-strain curve will be nearly identical to the one obtained by
connecting the loop.

= Massing’s hypothesis : the stabilized hysteresis loop may be
obtained by doubling the cyclic stress-strain curve.

B I
540 ———— — — !
iSiobiIized |
j Hysteresis Ao=540
i Curve !
A Stabilizeg Cyclic » | 4* z
270 —— Stress-Strain : f / Stabil
f C e | ! abul X
} urv I i steresis
| ! Loop
| |
‘ - i -
0.002 € 0] 5053 o —  £e=0004 |—
Stabilized Cyclic Doubling Hysteresis Loop
Stress-Strain Curve GRS
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2.3 STRESS-PLASTIC STRAIN POWER LAW RELATION
Cyclic true stress versus plastic strain 23

_

» Log-log plot of the completely reversed stabilized cyclic true stress
versus true plastic strain

= Kr(gp)n' » &, :(%)ﬂn'

Where, o = cyclically stable stress amplitude
¢ = cyclically stable plastic strain amplitude
K' = cyclic strength coefficient

n' = cyclic strain hardening exponent (0.10 ~0.25, average 0.15)

_ o oo
Total strainis ~ __©& (T

E K

X..

Log Scale
o
\
Y

€p
Log Scale

Log-log plot of true
cyclic stress versus true
cyclic plastic strain

n
4

_g‘
¥

|25
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2.3 STRESS-PLASTIC STRAIN POWER LAW RELATION

Hysteresis loop by Massing’s hypothesis

= Total strain is e=Z (T
E K’

= An arbitrary point P,(o0,,£,)

on Cyclic Stress-Strain Curve,
= From Massing's hypothesis, P, can be located on hysteresis curve ,

1(A0y, Agy) .
Ao, =20, Ag, =25, ®)

G A
Pl

(oq.€4)

Stabilized Cyctic
Stress-Strain Curve

- —
€l £

Cyclic stress-strain Curve

Ag_AO'

2 2E

2\

Ao’,_

—

<
~

Doy = 2oy
Beqy =2y

Hysteresis
Curve

24

O,

OuyA
= ()

2K

+(2Alf.)%' B A :A—EG+2(A—".)%'

=

tabilized

This formula represents
this curve not Hysterias
curve itself. Using this,
we can calculate Ao for
given Ag

AE';_

Ae

Hysteresis Curve

N
>,
Y

e

K&

OPen INteractive Structural
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2.5 DETERMINATION OF FATIGUE PROPERTIES
Example of Experiment data

_

= Example of actual Monotonic and Cyclic Stress Strain

Stress - Strain Curve
g00
Mionotonic
Cyrelie
500
400
F r =]
o T
= Saniiin
w 200 —
7]
£
7]
200
- i Materdals i AH3Z
100
v Rolling Direction -Lorugitttetinal
0

0 0001 0002 0003 0004 0005 0006 0007 0008
Strain (mm/mm)

OPen INteractive Structural
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2.3 STRESS-PLASTIC STRAIN POWER LAW RELATION

Example 2.1

_

26

Q : Consider a test specimen with the following material properties :

E = modulus of elasticity = 30 X 103 ksi
n' = cyclic strain hardening exponent =0.202

K' = cyclic strength coefficient = 174.6 ksi
Fully reversed cyclic strain with a strain range, Ag, of 0.04. Determine the

stress-strain response of the material.

Initial application of strain follows stress- strain curve

_ O O\ %, o o % .
@ e=—=+E)" 002= 1 4 1__)/0202 —77.1ksi
' E K 0510k T Teaksi? %1

All successive strains follows hysteresiss curve.
g, =& —Ag =-0.02ksI

Ao Ao\ v, _ -
@ Ae=—+2 )" Ac=1542ksi B Ao 77 1ksi

E 2K’ 0
OOZi_ T - 77.1 ksi—+
A [ae-1aaais

@
OPen INteractive Structural

002 ———Y@

W O + H 002 I 062 <
) \/ 1 o, =0,—Ac =—67.3ksi | -992-09 / Ve
20.01 f--mmmeee N
@ 3571 ki 3\03:



2.1 INTRODUCTION
Low Cycle Fatigue Calculation Procedure 27

Low Cycle Fatigue

*

Total = Elgstic angd Plgstic

Ne/2
m|.Q

Log Scale

True Strain Amplitude @ = 7
_ f Strain-life curve
/7 True Strain-Stress
1e | Relations under inelastic
7 loading : o :
] i Hysteresis Curve Massing’'s hypothesis

— EE‘-‘—
Ne . ok

Stabilized Cyclic Strain-
R o S

Curve

1) Companion Sample
2) Incremental Step Test

|

!

I

|

! -
0.002 €

)%A
&

B
2=
Ze g
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2.4 STRAIN-LIFE CURVE

Strain Life Curve

= Stress life (S-N) data on a log-log scale.
Ao 2= true stress amplitude

28

Ao , b
o o (2Ny) 2N: = reversals to failure (1 rev =1/2 cycle)
o’; = fatigue strength coefficient
b = fatigue strength exponent
= Plastic strain —life (¢;,-N) data on log-log coordinates by Coffin and
Manson

Ag, [2 = plastic strain amplitude

ﬁ:g, (2N )° 2N;  =reversals to failure
2 f f e's = cyclic strength coefficient (=true facture ductility, &)
C = fatigue ductility exponent (-0.5~-0.7)
» Total strain and the elastic term e

Totagl = Elgstic gnd Plastic

Ae Ae, Ag, Ag, Ao
=—°+

2 2 2 2 2E

Log Scale
Ne/2
m|.Q

!

Ae O , c
» 7:—f(2Nf)b+8f (2N;)

Plostic

E
\ | 7 10° N 107
. t
elastic  plastic 2N
. . QUEIND
Strain-life curve %g
OPen INteractive Structural Yl



2.4 STRAIN-LIFE CURVE

Low cycle S-N curve

Ao ,
— T (2N,)°

Ao , b
—=0; (N
> =1 (N)

Strain Life Curve
_
High cycle S-N curve

N =(=)

O

) D) =c(a0)”

Low cycle S-N curve in strain-life relationship

A&
=@
Ae O
2N :N _— b
f > E( )
E .. Ac¢
N=(—)"(=)"
o; 2
When N=1 Ae _Or
2 E

29
=y -m
N=a Ao
One reversal
) @ One cycle
0.02
Ne=0.04
Y o o) V \/ 1
o0-—-—'Q @ X
Ef‘
a£
2« Totai = Etastic and Siastic
o T~ .
\vo'f
o <]?
O
—J
Elostic
Plastic
109 N 107
t
2Nf LEIND
)
{E
TN
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2.4 STRAIN-LIFE CURVE

30

Strain Life Curve

= Transition fatigue life, 2N,
A Ag o, A=
Lot m TEEN) =g @N,) at N, =N, mp 2N, = (CLye
O
= Short lives : more plastic strain, wider loop.

Long lives : less plastic loop, narrower loop.
= As the ultimate strength increases, the transition life decreases and elastic
strains dominate for a greater portion of the life range.

As the ultimate
strength incre : Z§Z 1P
."I%) 2 }
a2 S |
° E P
g o —
g.c O
Se - i
~&
10}
1 ] I | i 1
100 600
Reversals to Failure BHN
{Loa Scale)
Shape of the hysteresis curve in Relationship between transition
relation to the strain-life curve life and hardness for steels ;;A;.L"‘:‘o%
LA

OPen INteractive Structural P



Reference
Brinell Hardness number 31

_

= A measure of the hardness of a material obtained by pressing a hard
steel ball into its surface.

» the ratio of the load on the ball in kilograms to the area of the
depression made by the ball in square millimeters

= Endurance limit (Fatigue Limit) of S-N Curve of base material is
related to hardness
S.(ksi) = 0.25 x BHN for BHN <400
100 ksi (=689MPa) for BHN > 400

Brinell Hardness Test 2F

BHN =
Applied load F (ndenter diameter 7ZD(D . \/D2 . DiZ )

Indentation diameter gg%@
¥, R
OPen INteractive Structural %!@.



2.4 STRAIN-LIFE CURVE

Strain-Life Curve

= Definition of failure
v’ Separation of specimen : common for uniaxial loading
v Development of given crack length (often 1.0mm)

v Loss of specified load carrying capability (often 10 or 50% load
drop)

— Not a large difference in life between these criteria

= [actor of 2

v’ Strain-life approach measure life in terms of reversals (2N), the
stress-life method Cycles (N)

v Strain-life approach uses both strain range (A¢) and amplitude
(e,)-

v' hysteresis curve can be modeled as twice the Cyclic o-¢ curve
vVersus

OPen INteractive Structural
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2.5 DETERMINATION OF FATIGUE PROPERTIES
Methods to determine Properties 33

= The strain-life equation requires four empirical constants ( b,c, ¢! o} ).
These can be obtained from fatigue data.

1/c
A& , . Ae
szgf (2N, )°|mp 2N, ZLXpJ
f
b/c
\ Ao AEJ
Ao

p
' — =0
— = (2N,)"| = 5 T 2¢!

4

(e )

= Although these, relationships may be useful, K’ and n’ are usually obtained
from a curve fit of the cyclic stress —strain data using 5 - K (¢ )"
p

KI

OPen INteractive Structural ‘%-;.:%



2.5 DETERMINATION OF FATIGUE PROPERTIES
Methods to determine Properties

=  Approximate methods
v' Fatigue strength coefficient o’

oy =0 (corrected for necking)
o ~S, +50ksi (steels with hardness below S00BHN)

v Fatigue strength exponent, b : -0.05~-0.12 for most metals, average of -
0.085

v’ Fatigue ductility coefficient, €; : &} ¢, Whereg, =|n1 A
RA : the reduction in area

v’ Fatigue ductility exponent ¢ : not well defined, -0.5~-0.7

OPen INteractive Structural
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2.5 DETERMINATION OF FATIGUE PROPERTIES
Example 2.2 3

_

Q : From the monotonic and cyclic strain-life data for smooth steel specimens.
Determine the cyclic stress-strain and strain-life constants

Monotonic data Sy = 158 ksi, E=2.84 X103 ksi
S, = 168 ksi, o; =228 ksi

WRA=52 &=0.734
o
Smooth Specimen-Cyclic Data
Total Strain Stress Amplitude, Plastic Strain Reversals to
Amplitude. Ae/2 Aaf2 (ksi) Amplitude, A€, /2" Failure, 2N,

0.0393 162.5 0.0336 50

0.0393 162 0.0336 68

0.02925 155 0.0238 122

0.01975 143.5 0.0147 256 £

0.0196 143.5 0.0145 350

0.01375 136.5 0.00894 488 e Ine

0.00980 130.5 0.00521 1,364 ‘ Ac

0.00980 126.5 0.00534 1,386

0.00655 121 0.00229 ' 3,540

(.00630 119 0.00211 3,590 Agp Ag A AE AC

0.00460 114 0.00059 9,100 = — € — —

0.00360 106 0.00000 35,2 2 2 2 2 2E

0.00295 84.5 0.00000 , 000 o L%)‘h
S
b | veRTTLUX | ‘\"
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2.5 DETERMINATION OF FATIGUE PROPERTIES
Example 2.2

—

Smooth Specimen-Cyclic Data

36

Total Strain Stress Amplitude. Plastic Strain Reversals to

Amplitude, Ae/2 Aa/2 (ksi) Amplitude, A€, /2 Failure, 2N,
0.0393 162.5 0.0336 50
0.0393 162 0.0336 68
0.02925 155 0.0238 122
0.01975 143.5 0.0147 256
0.0196 143.5 0.0145 350
0.01375 136.5 0.00894 488
0.00980 130.5 0.00521 1,364
0.00980 126.5 0.00534 1,386
0.00655 121 0.00229 3,540
0.00630 119 0.00211 3,590
0.00460 114 0.00059 9,100
0.00360 106 0.00000 35,200
0.00295 84.5 0.00000 140,000
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2.5 DETERMINATION OF FATIGUE PROPERTIES
Example 2.2 37

_

Fatigue strength coefficients ¢’; and b by fitting a power law relationship

between Ao/l2and 2N; Ao Ay O
— =0, (2N,)"° 20 _Zt b
> =01 (N » e =g (N0

Fatigue ductility coefficients &', and c by fitting a power law relationship

between A /2 and 2N, Ag

Tp:‘?:‘ (2N;)°

O Totol Strain
G Elgstic Stramn
O Plastic Strain -

Ql

T

Strain Amplitude, Ne/2
D)

_C§j

1090 ot 102 108 10¢ 10° 10° 107
Reversals to Failure, 2N,

Strain-life Curve L) i
Pen INteractive Structural %!El




2.5 DETERMINATION OF FATIGUE PROPERTIES
Example 2.2 8

N e————————————
» The cyclic strength coefficient, K' and the cyclic strain hardening
exponent, n'.

1) by fitting a power law relationship to stress amplitude Aof2 versus
plastic strain amplitude A ¢,/2. — Preferred

o=K'(¢,)"  K'=216ksi, n'=0.094
2) From the relationship

i

e

|
.r
i

1
1
l
|

= % ' n’:E m K'=227ksi, n'=0.104 Lotin
(8:‘ )n C N ! B Hegy=2¢
From strain-life data v.s. from approximations P
Determined from Determined Using
Value Strain-Life Data Approximations
o) 222 228 1 Oy
b —0.076 —0.085 b : average of -0.085
€ 0.811 0.734
c -0.732 -0.6 g:c R &
c:-0.5~-0.7
LEIHD
N
%E !

OPen INteractive Structural /:éxa-:"



2.6 MEAN STRESS EFFECTS
Mean stress effect

Leg Ae/2

39

Mean strain is negligible but mean stress has a significant effect on

the fatigue life.

At longer lives, mean compressive stress effect is valid.
At high strain amplitudes (0.5% to 1% or above), mean stress tends

toward zero.

Compressive Mean Stress
Ftu‘ Reversed (zero mean stress)
Tensile Megn Stress

Log ZNg

Effect of mean stress on
strain-life curve

€k

1 3 5 7
2 21 6 ) ‘s:i-me
o2 \
1
3
5
7

O D LMY
my

Mean stress relaxation

e
(i)
%
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2.6 MEAN STRESS EFFECTS
Modification to strain-life equation |

= Morrow suggested. As, Ac O
99 > 2 fE (2N,)° »ZN [Z(Gf EGO)J ,here b<0

40

“Fatigue life decreases as mean tensile
stress o, Increase.”

» The strain-life equation,

Ae O —0, o i Ratio of elastic to plastic
= (2N;)" +&: (2N;) strain is dependant on mean
2 E stress?
owr ?‘Ael*-

No Mean Stress
——— Tensile Mzan Stress
—h’/é—

/ -
Ae, Same ratio of elastic

7~ . .
—— | to plastic strain, but,
vastly different mean

Log Scale
Ne’/2
M

Log Scale i""‘Q‘I'J stress

Morrow's mean stress Independence of elastic/plastic
correction strain ratio from mean stress LM
OPen INteractive Structural %-"L"




2.6 MEAN STRESS EFFECTS
Modification to strain-life equation | 4

Manson and Halford’s modification A

No Mean Siress

— —— Tensile Mean Stress

Ae O, —0O .o —
2 _ fE O(ZNf)b+8f f

i)

lLog Scale
Ne/2

Too much mean stress effect at short
lives.

2N
Log Scale
Smith, Watson, and Topper (SWT)’s modification. For completely
reversed loading
- =A_O-=G:° (2N,)"
2

max

Multiplying the strain-life equation by this term, results in

, It becomes
Ae (o}) ;. . |
Trnax = = é (2N,)* +ot &; (2N,)° undefined when
O,. IS NEegative.
The term o, A mal\xlo fatigue
O max =70+00 /GmaXAg o« N, damage occurs
when o, <0 7? %:5";‘0%
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