Peak strength influenced by scattering density - Simulations with hypoplasticity
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Experimental testing
In experimental testing, it is impossible to obtain a soil sample with a homogeneous void ratio. Therefore a homogeneous deformation, i.e. an element test, is questionable well before the
peak. The density or void ratio in a soil sample is naturally scattered and is thus not constant. Even for an ideal material consisting of spheres of the same size, inhomogeneities are to be
expected due to inhomogeneous sample mounting. Recent tomographic studies on sand showed that inhomogeneities in the strain field exist from the beginning of triaxial tests [2, 3].

Standard calibration procedure of hypoplasticity [4, 7] for Hostun sand [1]
It is common practice to calibrate a material model on the basis of element tests. If the void ratio is included in the material model, only the mean density can be taken into account in a single
element test. The question arises, if the samples density is sufficiently described by its mean value.
Triaxial test (cd), dense, σ30 = 600 kPa

Isotropic compression test

• Homogeneity is assumed, Hostun
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[1] for hypoplasitity [7], slightely
modified from [4]:
ϕc = 33◦, hs = 1000 MPa, n = 0.29,
ed0 = 0.63, ec0 = 1.00, ei0 = 1.15,
α = 0.13, β = 2.0
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sand data [1] is approximated with
simulations of single element tests.
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Simulations of fine-meshed biaxial tests with hypoplasticity [7]
In hypoplasticity, the stress rate is expressed as a function of stress, stretching and void ratio, i.e. T̊ = h(T, D, e). In the simulations, the void ratio e is uniformly distributed and randomly
scattered over all elements, see [5, 6] . In all simulations the mean value of the void ratio coincides (ē = 0.85). The average responses of stresses and strains of all elements are evaluated.
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— all elements
— average response of all elements
— single element test

outside shear band B
inside shear band A
single element test

ε q (%)

ε q (%)

Left: FE model (Abaqus, element type: CPE8, 5000 elements) and shear band
at global εa = 4%, displayed as deviatoric strain εq, green: εq = 10% to red:
εq = 30%
Right: Stress-strain curves inside the shear band (A) and outside the shear
band (B) differ,
1 single element test (blue).
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The average response results from the varying
stress-strain curves in the individual elements.
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Mesh-dependency (of shear band thickness)
; effect on the average response
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Biaxial tests - Inhomogeneities and thus early localisations affect peak strength
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Initial void ratio distribution: one weak element
vs. scattering void ratio, 5000 elements.
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σa0 (kPa)

σa0 (kPa)
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Average responses of axial stress and axial
strain of the fine-meshed tests for different
ranges of void ratio, 5000 elements.

Conclusions
• In general peak strength is dependent on the density of the soil and also
affected by localization, e.g. in a biaxial test.
In addition a scattered initial density strongly influences peak strength.
The higher the scatter is, the lower is peak strength.
• ; The average density is not sufficiently indicative for strength
predictions.
• For realistic predictions, it is necessary to know shear band thickness
and the distribution of the initial void ratio.
• It is possible to determine the scatter of the initial void ratio with full
field techniques [2, 3].
Outlook
• Simulations of fine-meshed triaxial tests [2, 3] with hypoplasticity [7]
with scattered initial void ratio distribution.
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