Physical and mechanical behaviour of till in recently

deglaciated areas: the GlaRiskAlp project
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The project

GlaRiskAlp 12 a project m the frame of ALCOTEA program, funded by ERDF. The project was registered i 2008 and
started n January 2010. The partners are: Fondazione Montagna sicura (lead parter). the regional Agency for
environment protection (ARPA) of Aosta Valley, CNR-IRPI, Universite de Savoie (Laboratowre LISTIC) and CNRS
France (Laboratowes LGGE., GIPSA., EDYTEM).

In the frame of tus project, survevs on recently dezlaciated areas have been camed out m order to assess thew
susceptibility to hvidrogeologic phenomena. Two test-sites have been selected in Aosta Valley. and physical and
mechanic characteristics of the till deposits have been investigated

Studv area

Study sites are located in Aosta Valley (Italy): the furst site 12 just below the front of Tzantelema Glacier, Rhémes
Valley, the second site is the proglacial area of Verra Grande Glacier, Ayas Valley.

Google earth
. i

Image above: test-site Tzanteleina Glacer (Rhemes Valley)
Image on the right: test-site Verra Grande Glaaer (Ayas Valley)

Both sites (red ardes) are located in the proglacal area of a glacier and
are covered by hll, showing different Iythology. Tzanteleina site shows
mamly Tnaszzic lmestones and dolonutes, while m Verra Grande area,
metabasites amplubolites and edoztes are found.

Survevs and tesis

Tzanteleina test-site.
GPR swrveys have been carmed out since 2010, m orcer to mvestigate deposit thickness as well as phvsical parameters,
such as granulometry and pennafrost. An automatic weather station (AWS) has been installed in October 2010, NW of
Tzantelema lake below the glacier front. 2695 m asl The station 12 equmpped with sensors for the followmg
parameters: wind velocity and direction. relative hummidity, air temperature, minfall. snowpack thickness, solar
rachiation. The following properties of o1l are also measured and acquired by the station.
« TDR (Time Domain Reflectometry) and WCR. (frequency domam reflectrometiv), i a depth range between 0 and
60 cm to measure phvsical properties and water percolation;
» Thenmstors i a depth range between 0 and 60 cm;
« Heat flux sensors. Two seismic survevs have been carried out, i June and Movember 2011 respectively. m order to
assess selsmic properties (waves velocity) and thew variation depending on frozen soil.

A cahbrated photographic survey has been done m September 2011. s was ammed to assess the gramlometric
classification of the coarse fraction of the deposits. Fme fraction was analyzed in laboratory test, thus obtamng a
complete classification of the deposits.,

Moreover the following laboratory tests have been done:
« tilt=test on drv sample,
» nnaxial compressive strength tests on saturated and frozen samples (to assess mfluence of temperature on strength);
» ultrasonic test to assess P and S waves velocity i frozen samples at didferent temperatures, to assess the mfluence of
temperature on physical properties.

Verra Grande test-site.
The same survevs have been carried out on Verra Grande test-site. In this site. however. the weather station is not
mstalled.

Image above; AWS on Tranteleina test-site, On the
nght: Detail of WRC sensors. On the left seismie
survey in Movemnber 2011

Results

A GPE survey was camed out i June 2010 on Tzantelema test-site. Larze-zcale bedrock morphology. as well as
debris-covering thickness, have been detected.

Strain properties and seismic velocity of materials show a constant varnation with temperature, both in in-gitu tests and
laboratory tests on frozen smmples

Laboratory tests were camried out within a temperature range between -5 °C and — 30 °C, on frozen cvhndrical
samples, 100 mum diameter and 200 mm high, made of selected granular materials (less than 50 mm), Test results show
seismic velocity mereasmg with lowering temperature m both sites samples. Strength of samples decreases with
increasmg temperatme. This means that imechamical properties of matenals change with temperature, and that slope
stability is stronglv atfected by thermic condition of matenals
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Pand 8 waves velocity trend with temperature vanation

The followunig items have been pomted out from i situ measurements:

= aur temperature range was between + 17° C (June 2011) and -20°C (February 201 2),

« spowpack maxmmum thickness was 1. 5min 2011 and 2.01m m 2012,

« ntermal temperature of deposits is strongly affected by snowpack, m wmnter 2010/11 and 2011/12, so1l temperature
(2 cm depth) was almost 0°C, while at 50 cm depth temperature was above 0 °C all period long:

» heat flux 15 directed from bottom to top below 30 cm depth (geothermal flux), m the swface laver heat flux 1=
strongly affected by snowpack and aw temperature; m summer the processis mverted,

= 501l humidity 15 constant m wmnter, while in spring 1= strongly affected by temperature of surface laver (some cm
thick). when this mcreases above 07 soil humidity imcreases down to 30-40 cm depth, with daily variation. a= a
result of snow melting; m summer humidity mamly depends on mmfall: surface laver 1= fast saturated, while deeper
so1l 12 saturated only after long-lasting ramfall

Granulometric classification has been camed out by photographic techmque for coarser fraction, and by sleving for the
fine fraction. In Verra Grande test-site, till 12 over 70% sand and zravel, while silt and clay fraction n less than 20 %e.
Cn the contrary, in Tzanteleina test-site over 50% in weizht of the deposit i= silt and clav, while sand and gravel are the
remannng part.

Thiz confum the azsumption that hthology of bedrock and outcrops strongly affects the charactenstics of deposits:
cartbonatic rocks debris (Tzantelema test-site) ongmates a manly silty and sandy tull with less gravel, on the contrary,
massive 1zneous rock debris (Verra Grande test-site) tums to a mamly sandy and gravel tall.
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Till geanulometric curye in both test-sites (weight percentual on grain size).

Talt test= have been carned out on different samples prepared with mcoreasmg compaction, thus obtamimng geotechnical
parameters of the deposits.
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Feokechnical parameters of ill: Tzankeleina test-site results on the left, Verra Grandetest-site on the nght

Tlus research pomted out a strong correlation between Ivthology of bedrock and physical charactenstics of tll. Glacal
deposaits commg from different Ivthologzies show different granulometry and mechanical behavior, thus affectmg slope
stability. From a wider and representative number of analvses on different sites. a coirelation between local zeolozy and
nstabality of recently deglaciated areas might be found

Assessment of potential slope instahility by crossing mechanical
characteristic of the deposit with slope:

*Red: high potential instability;

«Vellow: medium potential instability;

*Green: low potential instability,

Image above: Tsanteleina test-site; on the right: Verra Grande test-
site.
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