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ABSTRACT

A snowpack on a mountain slope is a layered structure with layers of strong and weak

types of snow grains. The layers when loaded externally are acted upon by mixed loading

(combined compressive and shear loading) which may cause failure of weak layer leading to

avalanche initiation.

The strength of weak layers under combined compressive and shear loading are

determined experimentally using a digital force gauge attached to a shear frame. Experiments

were carried out on round grain snow layer (RGsr) and weak layers made of faceted snow

(FCso) and near surface faceted particles (FCsf). Multi-axial stress response for FCsf snow

layer was different from layers of RGsr and FCso snow. Positive correlation between shear

strength and the normal compressive stress is observed for RGsr and FCso snow. The failure

envelope in shear-compression stress space for FCsf snow layer is of elliptical shape.

Even though the constituting material of snow is ice, still response of different snow

types is different. The modulus and strength of layers depends on the crystals which

constitute the layer and are therefore micro-structure dependent. This dependence is studied

by X-ray scanning the 3D micro-structure of different types of snow, constructing a

representative volume element (RVE) and performing FE analysis on it under different

loadings to obtain modulus and strength. For FE analysis, elasto-plastic properties of ice

were assigned to the micro-structure. Numerical simulations were carried out on sub-volumes

(V) equal to or larger than representative volume element ( RVE

i
V ). For RGsr snow the

numerical simulations were validated by conducting an unconfined constant strain rate

experiment on specially designed mechanical testing stage (MTS) of µ-CT scanner.
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After establishing that the numerical simulations can represent actual behaviour of

snow, the same was utilized to determine the ultimate strength and failure envelopes for

FCso and FCsf snow type under combined compressive and shear loads. From the

simulations it was concluded that the failure envelopes for FCso weak snow layer can be

modeled with Mohr-Coulomb Cap model. The experimental measurements for FCso snow

were made upto a load where only Mohr-Coulomb model was sufficient to model failure.

The numerical simulations indicated that if sufficiently high normal compressive stress is

applied then closed cap in addition to the MC model will also be observed. The simulated

failure envelope for FCsf snow was an ellipse showed similar trend as observed from the

experiments.
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