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Generation and Formation of Adiabatic Shear Band
Produced by Simple Shearing

Shinhou KurivaMa and Marc Andre MEYERS

An adiabatic shear band produced by simple shearing in a rectangular body with a notch
is analyzed numerically by the finite element method (FEM), using a stress-strain curve for
the adiabatic condition, which has an instability region owing to thermal softening.
Generation and formation of the shear band are investigated for mild and high-strength
steels. Strain softening appears at the notch-tip owing to stress concentration and penetrates
into the materials owing to thermal softening. Propagation of strain softening area may be
regarded as a kind of notch penetration, because decrease of deformation strength in the
softening area induces further stress concentration at the tip of softening area and produces
more plastic deformation to induce thermal softening. The softening area makes a narrow
strip-zone deeply along the depth of notch, which is defined as adiabatic shear band. The
width of shear band is less than a half of notch width.

Key words : basic theory, ferrous metal, adiabatic shear band, finite element method, plastic

instability, simple shearing, strain softening, thermal softening.
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Fig. 1 Adiabatic shear band (a) in titanium
and voids (b) in Ti-6%Al-4%V.
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Fig. 2 Effective stress-strain curves for
mild steel I and high-strength steel I,
Full lines (—) indicate adiabatic stress-
strain .curves of Eq. (1) at high-strain-
rate. Dashed lines (——) represent mono-
tonic work-hardening . curves of Eq. (9).
Solid line (—), ® and O are experi-
mental data cited from Olson et al”.
Dotted lines (----) show increasing tem-
perature calculated along the full lines of
adiabatic curves.
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Fig. 3 Maesh division used for simple shear deformation.
(a) Elliptical notch in a rectangular body. (b) Boun-
dary displacements imposed along boundary DED’.
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Fig. 4 Contour maps of 6 and &, near
notch produced by shear formation. (g,
G, AT) are effective plastic strain, effective
stress in MPa and increasing temperature
in C, respectively. Mean shear strain is
defined by 7,,=d/l produced by displace-
ment d. (a) Mild steel I (y,,=d/l=0.633).
Shear band is produced in narrow zone
surrounded by a solid curve C6. (b) High-
strength steel 1I (7,,=d/1=0.039). Shear
band is shown by a solid curve C6. (c)
Monotonic work-hardening curve I (r,,=
d/1=0.633). Dotted line shows propaga-
tion of the shear band in case (a).
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Fig. 6 Distributions of (a) stress G and (b)
plastic strain &, for mild steel I along the
shear band at Y =0 in Fig. 3 (a).
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plastic strain £, for mild steel I across the
shear band at X =52.0 um in Fig. 3 (a).
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