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Determination of the correction factor needed to convert measured longitudinal stress in a necked tensile specimen to flow stress.

B Goldthorpe and PJ Gould

From : B.D. Goldthorpe & P. Church, Journal de Physique IV France, 7 (1997) C3-753

One first needs to have the stress distribution in the neck of the tensile specimen in terms of measurable quantities.

The axi-symmetric equilibrium equations are:
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Equate
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with 
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to get
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Assume that 
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 for all r, giving 
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Put the flow stress 
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 on the plane of symmetry z = 0

Giving
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Hill relates the variation in the radial stress to the curvature of the principal stress lines by:
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Which leads, via the above assumptions and the first of equations [1], to:
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where  is the radius of curvature of the principal stress lines

Assume that the flow stress 
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 does not vary with radius at z = 0.

Differentiate [3] wrt r and substitute for 
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Attempt a solution of the type 
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with n constant.

Solution of this is:
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where J1 is a Bessel function of the first order.

The other solution of the Bessel equation is not relevant in this case.

Using [4] and [7] and integrating
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The arbitrary function of integration must be of the form cos(nz) in order to get the correct z variation on the axis.

Put [8] back into [3] at r = 0, z = 0
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On the surface, r = a, the lines of principal stress are parallel to the surface and the radius of curvature is measurable  = 0.  Put [8] into [4] at r = a, z = 0 to get:
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and so
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which is, to within small error, exact.  The variation of 0 with strain for a material is independent, within experimental error, of specimen size and external conditions but will vary between different materials.

What is the correction factor to be used in tests?

We need to have the constitutive model in order to determine 
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The average z stress over the neck is 
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and this needs to be linked to the flow stress via 
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As before we separate z into the flow stress and the radial stress and use equation 9
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For a perfectly-plastic model 
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the product n*a always takes the value 2.4048 so that r = 0 at the surface.

For strain-hardening models 
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here there are two approaches: take n*a = 2.4048 or determine n*a from
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at z = 0.

The former approach does not lead to significant error.

An FE model of a tensile test was carried out using C=2e8Pa, k = 0.5 and D = 1e8Pa in the constitutive model 
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.  The value of r close to the axis was measured from this up to the point at which the elements became too distorted.  The variation of r with strain at z = 0 was predicted using equation 9 with the product n*a from equation 13; again using n*a = 2.4048 and also using Bridgman’s equation (which takes no account of material model).  The results are shown in figure 1.

The Goldthorpe ductile failure model [B.D. Goldthorpe, Journal de Physique IV, 7, (1997), C3-705] is a development of the Rice and Tracy model informed by the stress distribution described above.  It posits a parameter, Sc, that is a material constant at which a ductile material will fail.  The parameter is integrated along a hydrostatic tension path; it does not require seeding of failure points or an initial void size.  It is given by:
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For an axisymmetric tensile specimen the ratio of the hydrostatic stress, r, to the flow stress is:
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If we assume that the flow stress is a simple strain hardening form 
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and to good accuracy na = 2.4048
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Figure 1: variation of radial stress with strain in a necked tension specimen
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