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Photoelasticit
Wikipedia
Photoelasticity is an experimental method to determine the stress distribution in a material.
The method is mostly used in cases where mathematical methods become quite cumbersome.
Unlike the analytical methods of stress determination, photoelasticity gives a fairly accurate
picture of stress distribution, even around abrupt discontinuities in a material. The method is an

important tool for determining critical stress points in a material, and is used for determining
stress concentration in irregular geometries.
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E for plane stress
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Checking if a crack can propagate:

G\:R oa,w\\{o& C Nn&.é, N\o&b\ QN\)-I"” \o"'e§

\<E ol kfc/ °"\\‘( i"( ch&,_\[

S \/,
Typical fracture mechanics problems
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Example e\

A cylindrical pressure vessel with closed ends has a radius R = 1 m and thickness / 4_,0 A~ o
t = 40 mm and is subjected to internal pressure p. The vessel must be designed safely "k:
against failure by yielding (according to the von Mises yield criterion) and fracture.
Three steels with the following values of yield stress o, and fracture toughness Ki. / . M ™\
are available for constructing the vessel. Lé

Steel o, (MPa) Ki.(MPa/m) K) % \a

A: 4340 860 100 5
B: 4335 1300 70

C: 350 Maraging 1550 55 )( (—

Fracture of the vessel is caused by a long axial surface crack of depth a. The r) \X t 6\1 —g

vessel should be designed with a factor of safety S = 2 against yielding and fracture. \ \¢,
h steel:
(a) the maximum permissible pressure p. versus crack depth a.;
(b) Calculate the maximum permissible crack depth a. for an operating pressure
p = 12 MPa;

T ————————

(c) Calculate the failure pressure p. for a minimum detectable crack depth a =

1 mm.
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5.2. Plastic zone models

- 1D models, Irwin, Dugdale and Barenbolt models
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We want to find the size of the plastic zone and the K-dominant

zone -> as one use of this, we can check the validity of LEFM
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Plastic correction: SN &1 O~
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If we want to do better than this, at least we can recover the stress force that is lost in the previous approach

-> Irvin plastic zone size estimate (r_p)
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(b) Real crack with plastic zone
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