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ABSTRACT

Snow is a porous material consisting of a complex interconnected network of sintered
ice crystals. The underlying variations in ice volume fraction and microstructural fabric lead
to large heterogeneity in macroscale mechanical properties and failure behaviour of snow.
The present study develops a tomographic-image based approach to define the macroscale
mechanical behaviour of snow using multiscale computational homogenization methods.
Assuming linear elastic properties of ice and periodic boundary conditions, micro-finite
element (uFE) models built directly from the X-ray micro-computed tomography (uCT)
images were used to compute the effective orthotropic stiffness and compliance tensors for a
wide range of snow densities and morphologies. The effective isotropic Young's moduli and
Poisson ratios derived from these elasticity tensors compare quite well with previously
published results thereby validating the numerical modelling approach adopted. The puCT
image dataset also allowed to determine the degree of anisotropy and principle planes of
orthotropic symmetry of microstructure by means of second-rank surface- and volume-based
fabric tensors. The isotropic elasticity model based on ice volume fraction could explain 89%
of the variability of the stiffness tensor computed by the UFE model with mean relative norm
error of 43%. In contrast, the orthotropic elasticity model based on a second-rank fabric

tensor and the volume fraction raised the adjusted coefficient of determination (r2; j) 10 97%

with mean relative norm error of 28%.
Motivated by successful estimates of elastic properties, the study was extended to
nonlinear WFE analysis for modelling of anisotropic strength properties and multiaxial failure

criterion. A damage based elasto-plastic constitutive law with Drucker-Prager yield criteria is



used for ice to account for the tension-compression asymmetry in macroscopic strength
behaviour of snow. The nonlinear uUFE models were subjected to 45-48 different load cases
each up to failure. The simulations captured the macroscale tension-compression strength
asymmetry as well as the anticipated effect of density and anisotropic fabric on the uniaxial
strength behavior of snow. While the anisotropic failure strengths were found to be strongly
correlated with corresponding elastic moduli, the failure strains were found to be independent
of moduli and density. The pFE derived uniaxial and biaxial strength data were fitted with a
Tsai-Wu type orthotropic failure surface in stress space and a strong relationship is
demonstrated between volume fraction, fabric and multiaxial strength behaviour of snow. A
minimal set of four constants and two exponents is identified for the description of multiaxial
failure surface as a function of ice volume fraction and fabric. Neglecting fabric information
and using an isotropic model based on only ice volume fraction yielded r.ﬁdj of 0.89 with
associated model norm error of 40.8%. Depending on fabric measure used, the fabric-based

orthotropic strength model provided r§dj of 0.95 and norm error in the range of 27-28%. The

predictions of fabric based strength models are not only consistent with experimental data
from the literature but also extend the current knowledge of failure behaviour to multiaxial

load cases that can hardly be realized in a laboratory experiment.
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simulation results and goodness of fit of fabric based orthotropic failure
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