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Effects of Compressive Plastic Zone at the Fatigue Crack Tip on Propagation Behavior
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Summary

In this paper, emphasis on physical meanings of hysteresis loops denoting a relationship between loads and strains near the fatigue
crack tip, variations of the tensile plastic load zone in loading and the compressive plastic load zone in unloading are studied
respectively under various test conditions, and the effects on acceleration, delayed retardation and non-propagation during fatigue
crack propagation are also studied. It can be speculated that the compressive plastic zone at the crack tip has some effects on fatigue
crack propagation. Furthermore, it is known that the crack closure phenomenon ends after the compressive plastic zone appears but
before the minimum load. Therefore, a parameter Pcr called the crack closure finish load is presented for evaluating behavior of

fatigue crack propagation.
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Fig.1 Shape of CT type specimen
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(a) Change of compliance on loading process

(b) Hysteresis loop

(c) Change of compliance on unloading process

Fig. 4 Quantitative calculation of Prepg,Preg.Pa and Pep
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(a) Change of hysteresis loops in fatigue crack propagation
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(b) The relationship between loads and fatigue crack length

Results of constant amplitude loading test
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(a) Change of hysteresis loops in fatigue crack propagation
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Fig.6 Results of spike amplitude loading test

(b) The relationship between loads and fatigue crack length
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(a) Change of hysteresis loops in fatigue crack propagation

(b) The relationship between loads and fatigue crack length

Fig.7 Results of block amplitude loading test
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(a) Change of hysteresis loops in fatigue crack propagation
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(b) The relationship between load and fatigue crack growth data

Fig.8 Results of Ky, test

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

328 BEAMIEETFSRE F25

Tensile plastic zone

O Compressive plastic zone

@ Overlapped region of plastic zone

o n
K oou~K: K" rpc~K" max
RPG max

PRt
’ N

\ ’ ’ .
' 1 Previous tensile plastic zone
/

\
~

! ' Previous compressive plastic zone

~ -

W 1
KluRPG~Klmax K" pe~K' max

Crack Crack Crack >© Crack >@
Kmin Km CF PN K“vmin , [ AN
k Crack ¢ N \
Crac j‘b@ ) rac >O ; Crack :[*:—-Q /. Crack )
~_-’ N L - -
P (kN) P (kN) P (kN) P (kN)
1 Plas™e., T I v
‘ P qepde,
30, °
P! max 5 20 P’ e
= :.f“ »“"“’.\% P'rer 20 ?'a 2 PY o
g[ ; ‘L'z:'Pn RPG PYe)
P! RPG.M"‘”““ i,; ":c : 10 .L‘"'% Ploy P i
s, g S
el P P ‘
E—TT 0 200 -500 0 500 200 R 0 200
Subtracted Strain  Ag () Subtracted Strain  Ae () Subtracted Strain At (1) Subtracted Strain Ae (u)
(@ (b) © (@)

Fig.9 Schematic diagram of cyclic plasticity at the crack tip based on hysteresis loops
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