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ABSTRACT: Glide-snow avalanches are difficult to predict and mitigate and can pose major chal-
lenges for the protection of roads, ski resorts, and buildings. They occur when the entire snow cover 
slowly slides downslope before suddenly releasing as an avalanche. The physical processes involved 
in the release of glide-snow avalanches remain poorly understood. To investigate snowpack deformation 
during gliding, we developed a laboratory tilt test under controlled cold-room conditions. A 1.67 m long 
snow beam rested on a temperature-controlled glass bed tilted at 30°; at the downslope end, an instru-
mented stop representing the mechanical support of a retention zone recorded the force, while the de-
formation of the beam side wall was monitored. Each test comprised a cold phase and a warm phase, 
during which the bed surface was heated above 0 °C to generate liquid water at the snow–glass inter-
face. During the cold phase, most of the slope-parallel load was progressively transferred from the 
downslope stop to the basal interface. Within minutes of heating, this load returned to the stop and then 
remained nearly constant until failure. Under this constant load, deformation evolved from secondary to 
tertiary creep while the beam lost 55 % of its thickness, so that its density increased by a factor of about 
2.5. Over the same interval the apparent compressive viscosity decreased by a factor of about 45, sug-
gesting that viscous softening induced by the liquid water dominated the deformation response regard-
less the elastic stiffening expected from densification. Failure occurred abruptly within one buckle as the 
apparent strain rate approached 10-4 s-1. These observations support a release scenario in which loss 
of basal resistance, progressive rheological softening and localized deformation lead to delayed failure 
without any increase in external loading. If similar rate-dependent behavior occurs at the slope scale, 
the temporal acceleration of surface deformation may provide a precursory signal for glide-snow ava-
lanche forecasting. 
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1. INTRODUCTION 

Glide-snow avalanches release the entire snow-
pack along the ground surface and involve large 
volumes of snow. Compared to other types of av-
alanches, glide-snow avalanches are considered 
difficult to predict and to mitigate, presenting a 
considerable challenge to protecting roads, rail-
ways, ski resorts, and buildings (e.g., Jones, 
2004; Simenhois & Birkeland, 2010). Reliable 
glide-snow avalanche forecasting would reduce 
the cost of these closures and requires a solid un-
derstanding of the processes involved in their re-
lease. 

On a slope, gravity induces normal and shear 
stresses in the snowpack, resulting in creep de-
formation. Under certain conditions, in addition to 
internal creep deformation, the entire snowpack 
may slowly slide along the ground, a mode of dis-
placement referred as snow gliding (Ancey & 
Bain, 2015). Gliding is believed to result from a 

loss of friction along the snow-ground interface 
caused by the presence of liquid water and 
mainly occurs on smooth surfaces (McClung & 
Clarke, 1987; Newesely et al., 2000). As the 
snowpack moves, tensile stress develops and 
may produce a fracture through the entire depth 
of the snowpack (glide crack). Continued gliding 
can then lead to folding of the snowpack, to the 
formation of detached buckles and secondary 
cracks, and to increasing stresses at the 
downslope end until the compressed zone fails 
and the avalanche releases. Not every visual sign 
of snow gliding (glide crack, bulges and buckles) 
results in an avalanche. For those that do, the 
timing between these signs and the avalanche 
event can vary from hours to weeks, making pre-
dictions challenging. However, Fees, van 
Herwijnen, Altenbach, et al. (2025) have shown 
that most glide-snow avalanches release within 
24 h after glide crack opening. Still, in their study, 
half of the glide- snow avalanches were released 
without a visible glide crack that could have 
served as a precursory signal. 

During gliding, at the lower end of the snowpack, 
the snow decelerates and compacts against the 
retention zone (stauchwall). 
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Haefeli (in Bader et al., 1939) described this com-
pression zone and related its length 𝑙𝑐 to snow 
depth, snow density through the creep angle, and 
the partition of the surface velocity between basal 
glide and internal deformation. Bucher (1948) 
and McClung (1982) describe how the decelera-
tion of the snow against the obstacle reduces the 
basal shear resistance progressively and in-
crease in the slope-parallel normal stress. Bartelt 
et al. (2012) recast this picture in terms of its time 
evolution: a local drop of the basal resistance re-
distributes stress towards the retention zone, 
which experiences a gradual increase in com-
pressive stress, and the avalanche releases 
when the compressive strain rate exceeds a crit-
ical value. This model provides a compelling de-
scription of the release process, but, as Ancey 
and Bain (2015) point out, its quantification re-
mains delicate and the retention zone is difficult 
to locate in the field, where it is usually destroyed 
by the avalanche itself. 

Basal detachment and compressive failure are 
therefore both central in the accepted picture of 
glide-snow avalanche release, yet each has been 
deduced from field evidence and from model re-
quirements rather than observed directly, and 
they have never been followed simultaneously on 
the same snowpack. How the snowpack deforms 
between the onset of gliding and the release, pre-
cisely the stage when visual signs appear, re-
mains largely unknown. 

We aim to describe the deformation of a snow-
pack gliding, on a substratum under dry and wet 
interfacial condition, from the onset of motion to 
snowpack failure. To this end, we developed a tilt 
test in a controlled environment (SLF cold labor-
atory), in which a 1.67 m long snow beam glides 
driven by gravitational loading is resting on a tem-
perature-controlled glass bed. The configuration 
follows the sliding block experiments of Bader et 
al. (1939), who tested snow samples on an in-
clined glass plate, but the beam is here long 
enough for the deformation to localize, and its 
side wall is monitored so that the behavior of the 
interface itself becomes accessible. We meas-
ured the force applied at the downslope end of 
the beam, the deformation field along its side wall 
and the temperature at the snow-glass interface. 
We analyzed the thermo-mechanical response of 
the beam and the opening of the basal interface 
during one test performed at a slope angle of 30°. 

2. DATA AND METHOD 

2.1 Snow tilt test 

To study snowpack deformation under controlled 
conditions, we adapted a tilt test inspired by soil 
mechanics (Figure 1). The setup extended the in-
terface shear test of Bobillier et al. (2024) in three 

ways: the driving stress was provided by the 
slope-parallel component of gravity rather than by 
an externally applied force, the sample was long 
enough for the deformation to localize along the 
snow-glass interface, and the downslope end 
was retained by an instrumented stop represent-
ing the mechanical support provided by a natural 
retention zone. 

 

Figure 1: Experimental setup of the snow tilt test. 
A snow beam rests on a glass plate mounted on 
a temperature-controlled heating plate and in-
clined at a slope angle 𝜓. Two quantities were 
measured during each test: (1) the slope-parallel 
force 𝐹𝑠 at the downslope stop, (2) the defor-
mation field of the beam side wall, obtained by 
tracking the painted black pattern. The basal tem-
perature 𝑇𝑏 was recorded at the glass surface. 

2.2 Experimental setup 

The tests were performed in the SLF cold labora-
tory at a constant air temperature of −(1.5 ± 0.5) 
°C. The snow beam rested on a glass plate 
mounted on a temperature-controlled heating 
plate, both fixed to an aluminum frame that could 
be inclined at a slope angle 𝜓 ranging from 0° to 
45° (Figure 1). Glass was chosen as a smooth 
and impermeable bed, for which shear failure 
was previously shown to occur at the interface ra-
ther than within the snow (Bobillier et al., 2024). 
At the downslope end of the beam, a stop was 
instrumented with three 5 kg load cells recording 
the slope-parallel force 𝐹𝑠 exerted by the gliding 
snow at 10 Hz. An additional load of 3.5 kg, 
equivalent to a 2 m extension of the beam, was 
applied on the surface at the upslope end of the 
beam and was required to initiate motion. 

2.3 Sample preparation 

The snow beam was sieved directly on the glass 
plate to a length of 1.67 m, a width of 25.5 cm and 
a height of 3 cm. We used snow that consist of 
decomposing and fragmented precipitation parti-
cles (DF) (Fierz et al., 2009), with an initial dry 
bulk density of 227 kg m-3. The snow temperature 
was measured at 𝑇𝑠 ≈  −1.5 °C. Black paint was 
applied on one side wall of the beam to allow 
tracking of the deformed field, as commonly done 
in field tests (e.g, Propagation Saw Test,  

Proceedings, International Snow Science Workshop, Whistler, BC, Canada, 2026

996



 

 

Bergfeld et al., 2021). After sieving, the beam 
was left to sinter for at least 30 min at 𝑇𝑠  ≈
 −1.5 °𝐶 before tilting. After the sample prepara-
tion, the beam was tilted to the target angle cho-
sen above friction angles (here, 𝜓 = 0 to 30° in 
4 min). Friction angles have been measured with 
a classic tilt test, 𝜙𝑑𝑟𝑦 = 9.5° and 𝜙𝑤𝑒𝑡 = 0.6°.  

2.4 Test procedure 

Each test consisted of two successive phases. 
First a cold phase, the beam, the glass bed and 
the cold room were kept below freezing (𝑇𝑏 ≈
 −1.5 °C, 𝑇𝑟 ≈  −1 °C), so that no liquid water was 
present at the interface. Secondly a warm phase, 
the heating plate was raised to a controlled tem-
perature above freezing (𝑇𝑏 ≈  0.6 °C) and the 
cold room was kept below freezing 𝑇𝑟 ≈  −1 °C, 
which generated liquid water at the snow-glass 
interface. The heating started after 162 min, and 
the test lasted 317 min 

2.5 Deformation field measurement 

One side wall of the beam was filmed throughout 
the test with a Fuji X-T2 camera recording one 
image every 1 sec. From side wall pictures, we 
computed two quantities. The global strain 𝜀𝑔 is 

the slope-parallel shortening of the beam normal-
ized by its initial length. The beam thickness was 
measured at five positions along the side wall, 
away from the buckles, at the onset of heating 
and at the end of the test. 

2.6 Basal detachment and buckle detection 

The basal opening 𝑔(𝑥, 𝑡) was measured as the 
distance between the beam and the glass bed. 
We considered the interface locally detached 
when 𝑔 > 2 mm, a threshold chosen above the 
measurement noise. We refer to a localized de-
tached region accompanied by upward beam de-
flection as a buckle. Each buckle was labelled ac-
cording to its position along the glass when first 
detected; for instance, B316 denotes a buckle in-
itially detected at x = −316 mm. 

We conducted a series of five tests to assess the 
reproducibility of the observed thermo-mechani-
cal response. All replicate tests showed the same 

overall sequence of rapid load transfer upon 
warming, creep acceleration under a nearly con-
stant load, and abrupt localized failure. 

3. RESULTS 

Here, we present one test in detail performed at 
a slope angle 𝜓 =  30°, which lasted 317 min and 
ended with the failure of the snow beam. 

3.1 Deformation sequence 
During the cold phase, a deformation of 0.4 % of 
the initial beam length was measured at the side 
wall (e.g. 7 mm, Figure 2a, b). At 𝑡 =  162 min 

the heating was activated,  𝑡 =  172 min the 
glass plate was at 0 °C starting the warm phase. 
At 𝑡 =  281 min, that was 119 min after the onset 
of heating, the first buckle was detected 316 mm 
up to the downslope end of the beam (Figure 2.c). 
The buckle indicated that the snow had locally 
detached from the glass bed. Over the following 
36 min, B316 grew and became clearly visible as 
a smooth buckle of the side wall (Figure 2.d). At 
𝑡 =  309 min, a second buckle (B535) was de-
tected and developed 219 mm upslope of the first 
one and was clearly visible at 𝑡 =  316 min (Fig-
ure 2.f). One minute later, the buckle B535 failed. 
The strongly curved geometry of the buckle indi-
cates that the local failure state combined axial 
compression and bending, although the local 
stress state could not be resolved directly from 
the present measurements. Immediately after, 
the upper part of the beam fragmented and slide 
downslope (Figure 2.f).  

The beam also thinned markedly during the warm 
phase. Averaged over five positions away from 
the buckles, the thickness decreased from 
29.3 mm at the onset of heating to 13.1 mm at the 
end of the test, a reduction of 55 %. Combined 
with the 9.2 % slope-parallel shortening, this cor-
responds to an estimated volume reduction of 
about 59 % in the strongly deforming part of the 
beam. The tangential force remained nearly con-
stant over the same interval, which excludes a 
comparable loss of mass by meltwater drainage; 
the density of the beam therefore roughly dou-
bled, to approximately 550 kg m-3. 
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Figure 2: Side view of the snow beam during the 
tilt test at 𝜓 =  30°. (a) Initial state after tilting. (b) 
Onset of bed-surface heating. (c) First detected 
buckle (buckle B316). (d) Growth of B316. (e) 
Growth of both buckles B535 and B316. (f) State 
after failure of the beam (B535 failed)  

3.2 Thermo-mechanical response 

 

Figure 3: Thermo-mechanical response of the 
snow beam during the tilt test at 𝜓 =  30°. (a) 
Tangential force 𝐹𝑠 at the downslope stop, (b) ba-

sal temperature 𝑇𝑏, and (c) global strain 𝜀𝑔 as a 

function of time. The cold and warm phases are 
shaded in blue and red, respectively. The blue 
dashed line indicates the time of the first detected 
basal opening (𝑡 =  281 𝑚𝑖𝑛). The black dashed 
lines indicate process phases: (a) loading, (b) 
load transfer to interface, (c) load transfer to stop, 
(d) secondary creep, (e) tertiary creep until (f) fail-
ure. 

Tilting the frame loaded the downslope stop and 
𝐹𝑠 increased to 27.7 N within 4 min (Figure 3.1). 

The slope-parallel component of the weight is 
shared between two supports: basal shear along 
the interface and the reaction force at the 
downslope stop, so that 𝐹𝑠 measures the fraction 
of the driving load that the interface does not 
carry. Over the following 158 min, 𝐹𝑠 decayed 
within approximately 60 min towards a plateau of 
1.8 N, so that about 25.9 N were progressively 
taken up by basal shear, a mobilized ratio 
𝜏𝑏/𝜎𝑛  ≈  0.54, equivalent to a friction angle of 
28.5°. The plateau was then maintained without 
measurable drift. This load transfer was accom-
panied by an initial global strain of 0.4 %, after 

which 𝜀𝑔 remained nearly constant (Figure 3.3). 

We interpret the initial 0.4 % strain as a compac-
tion of the beam. During the cold phase, as the 
snow was colder than the room temperature, the 
basal temperature slowly decreased from −0.8 to 
−1.6 °C (Figure 3.2). 

When the heating plate was switched on at 𝑡 =
 162 min, 𝑇𝑏 passed above 0 °C within 9 min and 
then remained controlled at +0.6 °C until the end 
of the test (Figure 3.2). Over the same interval, 
the tangential force increased sharply from 1.8 to 
30.8 N and subsequently remained nearly con-
stant (Figure 3.1). This increase indicates that the 
slope-parallel load of the beam was transferred 
from the basal interface to the downslope stop as 
soon as liquid water was present at the interface. 
The beam deformed under a nearly constant 
load. We refer to the interval of approximately 
constant strain rate as secondary creep and to 
the subsequent interval of continuously acceler-
ating strain rate as tertiary creep. During the sec-
ondary creep (Figure 3 phase (d)) (171 min to 
226 min), the global strain increases from 0.4 % 
to 0.8 %. Starting 𝑡 = 226 min global strain accel-
erated continuously, reaching 9.2 % at the end of 
the test (Figure 3.3). This behavior is characteris-
tic of tertiary creep (Figure 3, phase (e)). The first 
buckle was detected at 𝑡 =  281 min, that is 
55 min after the onset of tertiary creep. Thus, the 
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acceleration of the beam preceded any detecta-
ble basal detachment. We define beam failure as 
the abrupt fracture of a buckle associated with a 
force drop and subsequent downslope motion of 
the upslope beam section. At 𝑡 =  317 min, the 
force dropped abruptly from 30.8 to 9.1 N, as the 
beam failed. 

4. DISCUSSION 

The experiment reveals three main features of 
the deformation process. First, warming of the 
basal interface caused a rapid transfer of the 
snowpack load from bed surface to the 
downslope stop. Second, under this nearly con-
stant load, deformation evolved from secondary 
creep to tertiary creep before localizing into dis-
crete basal detachment. Third, the accelerating 
deformation culminated in abrupt failure within 
seconds, at strain rates consistent with a transi-
tion toward brittle behavior within a buckle. To-
gether, these observations reveal a progression 
from load redistribution and distributed creep to 
localized deformation and rapid failure. 

4.1 Load transfer 

The load carried by the downslope stop changed 
twice during the test. At tilting, the stop carried al-
most the entire slope-parallel component of the 
weight. Over the following 158 min it decreased 
to 1.8 N, so that about 25.8 N were progressively 
taken up by basal shear resistance. As soon as 
the bed temperature raise above 0 °C, the load 
was rapidly transferred back to the downslope 
stop and remained nearly constant until failure. 
This abrupt response highlights the key role of in-
terfacial liquid water in reducing basal resistance, 
consistent with field observations at Dorfberg, 
where soil temperature and liquid water content 
in the basal snow were identified as important 
controls on glide-snow avalanche occurrence 
(Fees, Van Herwijnen, Lombardo, et al., 2025). 
The basal interface had lost essentially most of 
its resistance, and the load was transferred back 
to the stop within minutes. This is the sequence 
that underlies the accepted picture of glide-snow 
avalanche release, in which the loss of friction at 
the snow-ground interface redistributes stress to-
wards the retention zone at the lower end of the 
gliding slab, which may eventually fail (Bartelt et 
al., 2012; McClung & Clarke, 1987). In our setup, 
the instrumented stop represents the mechanical 
support provided by a retention zone, the meas-
ured force provides a direct estimate of the load 
and loading history that such a zone must sus-
tain. 

4.2 Delayed buckle formation 

Localized deformation occurred late: the acceler-
ation of deformation preceded the first detectable 
basal detachment by 55 min and developed while 
the beam remained apparently attached to the 
bed. Failure then occurred in the buckle that was 
growing fastest at the end of the test rather than 
in the one that had reached the largest opening, 
consistent with a rate-controlled transition. 

4.3 Viscous softening under a constant load 

Once the interface was wet, the force at the stop 
reached 98% of the slope-parallel component of 
the weight, so that the residual basal shear was 
negligible. Under this nearly constant load, an ap-
parent compressive viscosity was estimated as 

𝜂 = 𝜎𝑐/𝜀𝑔̇, where 𝜎𝑐 is the axial compressive 

stress averaged along the beam. From second-
ary creep to the end of the test, the strain rate 
increased by approximately two orders of magni-
tude, while the apparent compressive viscosity 
decreased by a factor of about 45. This reduction 
occurred despite a density increase by a factor of 
approximately 2.5, indicating that the softening 
induced by warming and the presence of liquid 
water surpassed the stiffening associated with 
densification and led to progressive viscous sof-
tening of the snow. Although this apparent vis-
cosity is not equivalent to the Maxwell viscosity, 
its evolution is qualitatively consistent with the im-
portance attributed to snow viscosity in the model 
introduced by Bartelt et al. (2012). 

At failure, the apparent compressive strain rate 
reached approximately 10-4 s-1. This is of the 
same order as the ductile-to-brittle transition re-
ported by Narita (1980) for snow in uniaxial ten-
sion and the shear strain rate at which Puzrin et 
al. (2019) identify a transition from rate-hardening 
to rate-softening. It is, however, about two orders 
of magnitude below the critical compressive 
strain rate of approximately  10-2 s-1 adopted by 
Bartelt et al. (2012) from triaxial tests (Scapozza 
& Bartelt, 2003) as a failure criterion for the reten-
tion zone. These comparisons involve different 
loading modes and should therefore be regarded 
as indicative rather than as evidence for a univer-
sal critical strain rate. 

4.4 Limitations 

Several limitations should be kept in mind. The 
glass bed is smooth and impermeable and there-
fore reproduces neither the roughness of a natu-
ral ground nor the water exchange across the 
snow-soil interface. The normal stress at the in-
terface, about 130 Pa, is a factor of a few lower 
than under a shallow gliding snowpack of 10 to 
40 cm. The beam is also short compared to a real 
slope, and the upslope load and the downslope 
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stop are idealized boundary conditions. These 
differences limit the direct quantitative transfer to 
the slope scale. 

5. CONCLUSION 

We developed a laboratory tilt test under con-
trolled cold chamber conditions. This test allowed 
us to track the deformation of a sliding snow 
beam, from compaction to failure, while simulta-
neously measuring the basal opening and the 
load transferred to a downslope support playing 
the role of a retention zone. Warming of the basal 
interface above 0 °C and the resulting formation 
of liquid water triggered gliding, causing a rapid 
loss of basal resistance and transferring most of 
the driving load to the downslope support. The 
beam subsequently evolved from secondary to 
tertiary creep under a nearly constant load. 

During tertiary creep, the apparent compressive 
viscosity decreased by a factor of approximately 
45 regardless of strong densification, indicating 
progressive rheological softening. The accelera-
tion of deformation preceded the first detectable 
buckle by 55 min, showing that deformation local-
ization was a late-stage manifestation of an insta-
bility that initially developed as distributed defor-
mation. Failure finally occurred abruptly within a 
strongly deformed buckle as the apparent strain 
rate approached (10-4 s-1), consistent with a tran-
sition toward brittle behavior. 

These observations support a picture of glide-
snow avalanche release in which loss of basal re-
sistance, progressive rheological softening, and 
localized deformation can lead to delayed failure 
without an increase in external loading. If similar 
rate-dependent behavior occurs at the slope 
scale, the temporal acceleration of surface defor-
mation could provide a useful precursory signal 
for glide-snow avalanche forecasting. 
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