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4.2. Stress solutions, Stress Intensity Factor
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Plan for solving mode | and mode Il solutions: 6 /\ /]\
- Cover the elasticity theory needed for the solution of these

problems
Find exact solution to mid-crack case in an infinite domain
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- Find the asymptotic crack tip solution fields which hold for (\/ /{
any general loading <~/ r
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Part I: elasticity theory for the solution of this problem

Elastodynamics Boundary value problem

Kinematics

displacement u .
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Kinetics

traction T =on
linear momentum p
body force b
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Elastostatics Boundary value problem
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For the moment we only consider static case where the crack propagation can be considered
to be in quasi-static mode
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Under these two simplifications we are going to solve:

@um 17
) N,PG‘HV—N J
gl\9| +él?f/7«T0/r53 0

br,)\ + /u,'z, T/L'gﬂ <0

5’5\‘»\ + é;m, 1_433;?) 20

Displacement approach
0ij; =0 PD& (8 (\” [> 3 iy

nl y y (/qh .'
gij = L (:‘:j T ;‘ (5,_;-:‘1.-%) (""d‘{VhA
1 —2v V.o =0 JdDy

E v . =
. €ijgj + 5, 0ij€kk J) =0 J FD}; _i ‘t_"t)mh”l
+ v 1 —2v (n R‘ms DR ; o.n

6-DE

~ of dagn oD aspecificd
= 4 g+ ) NG e 2ot -
A\(P\GM
A+p)VVu+puVVu =0 or (A+p)ujji+puj; = ()
BC's .
. ; WS
PDE + BC foru = ¢ = o L Yad

>
ﬁ

MES524 Page 4



DU S

PDE + BCforu =

SLePfL
So \V"ﬁ
f: .
(A)

Lo
PDE+8C\L

stop L

Col V|,
fos 7

A
\_,/

skTS

solVs
o

clress
Lell

Summary

(A+p)VVau+pV.Vu =)

20) o B
\IGCAVD( ﬁﬁu J\splaw [

1_

=

Bt

a

Fbr

)

for

"

W
¢
8

/1

1 (b./l\f'd\w\_,
P
or [(A+ jf,'l-lflli@'i' fi ”|'®= ()

::> Glve U

6‘:5 :21 ((L'/j 1~MJ‘/C)

é(’) - D@kﬁ g

I%Co""\ Cmdl’!(/h‘/:f Q‘?M\M

we

20d o FDE

T ac

MES524 Page 5

OL\)"@W'

stredd

~

Eg( J/c'ﬂa@w‘”u\:—a (A

J

L



Second approach: we use it to solve the stress field for modes | and Il crack (tip) stress fields

The idea is having a potential function

Stress function approach

What are Airy stress function approach?

Use of stress function =
Balance of linear momentum is automatically satisfied (no body force, static)
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This is too good to be true!

We will end up having to satisfy another PDE
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The problem is that we cannot integrate arbitrary strain fields to get
displacement field ¢
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If strains satisfy strain compatibility equation, then we can in fact
integrate strains to obtain displacement field
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