





3.2.3 Strain Localization

Figure 22 shows the displacement along the longitudinal edge of the 2D FE models just before
fracture occurred. The length over which strain localization (necking) occurred was similar for all
mesh densities. As the mesh density increased, the shape of the necking region appeared to
converge to a unique distribution. Figure 23 shows an example of the deformed shape of a series
C FE model, just before fracture occurred.
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Figure 22: Strain localization for different mesh densities (C series FE models)
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4 Conclusions

True stress-strain curves were calculated from tensile coupon data using a two-step process.
Analytical methods were used to calculate the true stress and strain up to the point at which
necking began from engineering stress-strain data from tensile coupon tests. To calculate the
necking portion of the true stress-strain curve, an iterative process was implemented in the
ANSYS" FE code, where the engineering stress-strain curve from the FE model was made to
match experimental measurements. Both 2D and 3D elements were used to mesh the finite
element models for computation of the true stress-strain curves using various mesh densities in
order to determine the effects of both element type and size on true stress-strain curves and true
strain at fracture.

For both 2D and 3D FE meshes, the true stress strain curves transitioned from softening to
hardening behaviour in the necking portion of the curves as mesh densities increased. An
exponential relationship between element size and true strain at fracture was observed for FE
models meshed entirely with hexahedral or plane stress elements. These results indicate that a
series of element size-dependent stress-strain curves should be used in FE models with varying
element sizes where strains high enough to cause necking are expected. The characteristics of the
family of true stress-strain curves also depend on the particular element formulation because the
iterative process used to calculate the necking portion of the true stress-strain curve should result
in the same strain energy in the tensile coupon FE model as in the tensile coupon test, within a
predetermined tolerance. This is a corollary of matching the model engineering stress-strain curve
to the experimental one. A comparison of true stress-strain curves from 3D models of two
coupons made from the same material, but with different thicknesses showed that the true stress-
strain curves are independent of coupons dimensions. For 2D models however, the true stress-
strain curves varied with test specimen dimensions, reflecting the fact that for the same amount of
external work done, the strain energy density is lower for specimens with a greater volume within
the gauge length. For both 2D and 3D models, strain localization was found to occur over a length
of approximately 6 mm at the mid-length of the tensile coupon model. As the mesh density
increased, the shape of the necking region was represented with better resolution, but the shape
and length of the necking region were relatively consistent among different mesh densities.

Further research is needed in order to determine how true stress-strain curves would be affected
by using elements with aspect ratios other than unity. Furthermore, the use of true stress-strain
curves determined using this iterative method in FE models of structures under more complicated
loading should be investigated.
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Annex A Engineering Stress-Strain Curves

A.1 3D Model Engineering Stress-Strain Curves
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Figure 24: Engineering stress-strain curve (A1)
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Figure 25: Engineering stress-strain curve (A2)
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Engineering Stress (MPa)

Engineering Stress (MPa)
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Figure 26: Engineering stress-strain curve (A3)
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Figure 27: Engineering stress-strain curve (A4)
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Figure 29: Engineering stress-strain curve (B2)
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Engineering Stress (MPa)
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Figure 31: Engineering stress-strain curve (B4)
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A.2 2D Model Engineering Stress-Strain Curves
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Figure 32: Engineering stress-strain curve (CI)
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Figure 33: Engineering stress-strain curve (C2)
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Figure 34: Engineering stress-strain curve (C3)
600 T
500 -+
400
300i —~—FEA
1 —Experiment
200 -
100
0 - -
0.00 0.05 0.10 0.15 0.20 0.25 0.30

Engineering Strain (mm/mm)

Figure 35: Engineering stress-strain curve (C4)
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List of symbols/abbreviations/acronymsl/initialisms

Symbols
A Instantaneous cross-sectional area of coupon
A Undeformed cross-sectional area of coupon
a Coupon gripping length
b Length of reduced section of coupon
c Coupon width
g Gauge length
L Instantaneous length
Ly Undeformed length
P Axial load
Coupon fillet radius
Width of reduced section of coupon
Ee Engineering strain
&t True strain
Oc Engineering stress
oy True stress

Abbreviations

DND Department of National Defence

DRDC Defence Research & Development Canada

DRDKIM Director Research and Development Knowledge and Information
Management

R&D Research & Development

FE Finite Element

FEA Finite Element Analysis
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