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Abstract

The localizations of plastic deformation in shear band which
initiated at the ahead of crack tip of 7075 aluminum alloys have
been investigated via in-situ fracture tests using synchrotron
X-ray tomography. Local crack driving forces and local strain
distributions were measured from tomographic images. The
distributions of crack-tip opening displacement along a crack
front line were found to vary randomly across specimen
thickness. This was attributed to the interaction of stress
shielding/anti-shielding effects. The strain distributions
around crack-tip were quite different from the understanding
which was derived by the elastic - plastic fracture mechanics.
With further loadings, the development of equivalent strains in
shear bands increased leading to the localizations of plastic
deformation. The widths of shear band were observed to
decrease at the same time. The degree of localization was
affected not only by well-known factors such as aging
conditions but also polycrystalline texture and crystallographic
orientation. Beyond more than ten times as large strain region
which is defined by the fracture mechanics, particles were
damaged with developing shear band. Thus, extensive damage
within shear bands has been induced the complex behavior of

crack propagation in practical materials.
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Caption list

Fig. 1
Fig. 2
Fig. 3
Fig. 4
Fig. 5
Fig. 6
Fig. 7

Derivation process of shear band width. The
distribution of shear displacement has been fitted with
the sigmoid function. The first derivative of fitted
curves is used for defining shear band width at FWHM.

Part of a 3D image representing a crack segment
and particles in the over-aged alloy that has been
captured at 6th step. The aluminum matrix has been
removed from the figure to visualize the internal
structures.

3D perspective view of particles, voids and the
crack, representing the damage accumulation in shear
bands. The image at the final loading step for the
over-aged alloy is shown here. Note that the aluminum
matrix has been removed to visualize the internal
structure. Only the region between z = 345~ 525 um is
displayed in the figure.

Distributions of crack tip opening displacement,
CTOD, along a crack front line in the over-aged alloy.

3D equivalent strain maps represented on virtual
cross-sections at final loading step.

Variations of shear band width as a function of
average local J-integral value for each ageing condition.
The width of shear bands has been measured in both
rolling (RD) and transverse (TD) directions.

Variations of average equivalent strain in shear
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Fig. 8

Fig. 9

bands as a function of average local J-integral value for
each ageing condition. The average equivalent strain in
shear bands has been measured in both the RD and TD
directions.

Equivalent strain distribution on a virtual
cross-section viewed in the x direction from crack-tip
ligament at final loading step. The virtual slice is 50 um
ahead of a crack-tip. Note that gallium-doped grain
boundary image has been superposed on the strain map.

Comparison of shear band width in the RD and TD

directions in each grain.

Fig. 10 Damage ratio for particles as a function of the

distance from a crack tip for each aging conditions. The
data measured at the final loading steps are shown. The
damage ratio at Nth loading step located in a shear band
is the ratio of the number of particles damaged between
(N-1)th and Nth loading steps and that left intact until
the (N-1)th loading step. Equivalent diameter for

damaged particles is also shown.

Fig. 11 Variations of (a) average equivalent diameter and

Fig.

(b) average sphericity of <cracked and undamaged
particles in shear bands as a function of average local
J-integral value in the over-aged alloy.

12 Histograms of (a) wequivalent strain and (b)
hydrostatic strain at which voids were nucleated ahead of

a crack-tip in the over-aged material.
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