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Assume the weld
is along the y direction

Upon solidification
of the molten weld pool

shrinkage
occurs Shrinkage along the longitudinal

y direction
is restrained by adjacent

material

and the stress component Oy attains the

yield strength Oy

Ogy 0

Ea

is
cnet.itT weld metal

Now consider the transverse stress
Oxx

I ft Oxx dz Tax average
membrane swey

in x direction The value of Exx depends upon

the remote constraint
in the x direction

There may be
some

variation of Oxx Z that depends

upon
whether the

weld is a single pass
or multi

pass
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1 151 The stress intensity factor 12 on a crack is

due to the sum of Kp due to residual stress

and Ka due to active live loads due to

traffic
and dead loads

Fracture occurs
when Kat Ka Kic the fracture

toughness

Fatigue crack growth is influenced by

the mean value of
Kr Ra when oka is

near
Threshold or Knox is near Kic

In sensitive to mean 12

It is possible for Ka u but Kat Kr o

due to the fact that Kr 0 Fa for a flaw

of length
a embedded in a region of tensile

residual stress of yield
strength magnitude
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1 1 Most of the fatigue life of a welded

structure is spent in the early stages of

crack growth

Assume fu 0 for ok Okin

A ok for OKEEOK Kic I R

where the
load ratio R Kmin Kmax

Assume an initial flaw size 90 and a

final flaw
size of

Apply
00 and a K calibration of K O Fa

Nf footn Éant da ftp.t anda
In

912 a da

ta tax

We can drop the em ta for n 2

eg n 4 since of
got

Er Fat
Kic at E

n
A 00 2 ant

Ea
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Note if 00 Fao Oka

then the fatigue life is infinite

of
c a

1 d as

So choose a microstructure that gives a high

fracture toughness Kic
and a low yield

strength Oy

O is decreased by a larger grain size

and a wider precipitate spacingand
dislocationspacing

Kic is increased by increasing the inclusion

spacing
make the steel cleaner

If the steel is annealed then

work hardening
is removed and dislocation

spacing
increases Precipitates coarsen and

grain
size increases Consequently O drops
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2 la
a t.to tI o

Failure at of
O for a at

and at of
a
for a at

For cyclic loading define
a cycle Wanition

flew
size of by Af 2

where okth fatigue threshold

and Δ0
stress range at

the fatigue limit

Typically okth to Kic and 000 0

for metallic alloys

Hence a 88 0 017

consequently alloys are much more

flow sensitive
to cyclic loading

than to noo

5



2 b 1 Basquin's Law from materials data boon is

00 Nf C

Δ 0 200 for fully reversed loading
and Nf 107cycles

200 1072 C 111

Also Nf
104 cycles at 00 30

300 1042 C 121

Take ratio of 11 and 12 32 10
34 1

1039
32 log 3 2

α 0.05870

2
C 300 1042

3001241300 51100

t.EE

AttTEFNFEf
N2

Mine's rule states Nq I

Ñ by
Brasquitt

Δ 0 NF C 200 107 2.20 Nf

atftigue limit

so Nf
107 22.2

Δ 02 2.400 Nf2 200 107 20 NÉ
So Nf

107 E Here No 0.3N
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2 b In substitute into Mine's Rule to get

2 I Recall 2 0 05870

Fifty an

Nf
107 0.7 22

0.3 224

107 3.550 6.699 cycles

9.76105cycly

2
bi ii Goodmanisrule from Materials data book is

00 000 1
Here E 0.2

000 1.25 0
mean stress present

masse's

So 00 2.200 becomes 001 12 2

002 2 40 becomes 002 1325
2.400

Consequently Nf becomes Nf 107

and Nfz becomes Nfe 107

Mines rule is again 0.71 Off 1
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12.71 off E

So Nf
107 0.7 2 725

0.3 3
I

107 158.9 299.9
1

10 cycles
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3 a

Pp

FETTES.in
Assume that the upper bean deflects by

w x over the crack length o x a

EI W M Px wiso

where I bh b hot ax who

so w 1 5 tax
At x a w w 0

was Statins
Now we hint by taking A ho and B α to give

w t P tho ax Cho as o

w'py 12 he hot aaj
tho a

t

he hot
1 hot as

Write D he hotda 2_ hot a

Ea hod hot a
3 ho a

2

g



wks Ff Dx he h
a enthras

Wk 12h a x he hotda

hot a in 112
w x o j Da he hot a

c.en.at

e

TFa

fELD
a1fa hea

ho xa
2

E
Gb P

a
Pot Energy PW o

c Non proportional straining of material
elements

occur on the crasic advances This leads to

additional plastic dissipation for a metallic

alloy whereas stored elastic energy is

recoverable in an elastic sold

_É
in metal as the crack advances

advance
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4 a

ikt
II ka

É
Can use linear superposition of K because we are

considering linear elasticity theory whereby
the equations

of equilibrium strain displacement and the constitutive

law are all linear Stress fields add
and consequently

K fields
add

12b a

t.it c fi ngs disEiti
assistant to

Ke o

Total stress intensity factor at the

crack tip Ke is

Ke K 11 as 0

Now 1 7 045 de 2 O dy

Hence dy



C

At K we have

f

1ft
0 Kt 0 12 27,0yd

After unloading by 0K 12 we have

01 0 0120 17 915

YKEPhysicaltie

Hence day 1

Note over day the stress bridging the crack

jumps by 20 from 0 to 0 as

a result of
the unloading by ΔK
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d small scale yielding assumes that the plastic zone

at the crack tip is embedded within an outer

K field The domain of the K field scales

with the wack lugth a

a 2.5 2 5T

t.fi
So a 2.5T ip

i T

Iff
K field
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