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ABSTRACT: The paper describes an automatic recording system utilized in slopes belonging to different 
geologic and climatic environments in Italy. In particular it deals with a recorded case of a landslide 
collapse in which we were able to obtain significant data on the developing mechanism of failure as 
well as on the reliability of the whole system. Some critical aspects regarding the modalities of in
stallation of the different parts and the possible improvements of their effectiveness are also dis
cussed.

1 INTRODUCTION

In order to detect the stability conditions in 
some slopes belonging to different geologic envi
ronments, geotechnical studies have been carrying 
out since 1982 by a group of researchers of Na
tional Research Council of Italy.
To this purpose automatic recording systems 

were installed in a slope of Central Italy and in 
a slope of Dolomitic area (Angeli et alii, 1984; 
Angeli, 1987a ; Angeli 1987b; Angeli & Silvano, 
1987; Angeli et alii,1988). The first landslide 
affects multilayered lacustrine deposits consist
ing of alternating beds of sands, clays and 
sandy-clays, whereas the second takes place in 
morainic deposits placed on a bedrock of Werfen 
marls (Fig. 1) .
Critical hydrologie situations were recorded in 

1986, in 1987 and in 1988.
In particular in the spring of 1988 the land

slide in Dolomitic area completely collapsed with 
total displacements higher than 20 m.
The automatic monitoring of this event consti

tutes the main object of the paper.

2 SYSTEM CONFIGURATION

The recording system in its complete configura
tion is represented in Figure 2.
It mainly consists of a central processing unit 

(CPU) connected to a number of different sensors. 
The CPU operates in the following way:

- it acquires data from the sensors at selected 
times and put them into a solid-state memory;
- it gives a first level of data elaboration in 
order to get a rapid view into the hydrometeoro
logical and kinematical conditions which have af
fected the whole area;
- it allows us to check the working conditions of 
all the parts of the system.
The sensors connected to the CPU are:

- a tipping bucket rain-gauge with the accuracy 
of 0 . 1 mm which also gives the equivalent in wa
ter of the snow;
- an ultrasonic snow gauge which gives the depth 
of the snow cover;
- an air thermometer;
- a number of electric piezometers placed in 
perforated tubes; the accuracy of the measures of

Fig. 1 - Cross section of the landslides.

the hydraulic head ranges between 3 and 10 cm;
- a device for the measure of displacement; it 
consists of a steel wire protected by a sheathing 
from direct contact with the soil and fastened 
well below the sliding surface at the bottom of 
the inclinometric or piezometric tubes; a pulley
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connected to an electric potentiometer and lo
cated at ground surface keeps the wire tense by 
means of a counterbalance; the landslide movement 
pulls the wire and a consequent rotation of the 
pulley takes place; therefore the potentiometer 
gives a signal proportional to the displacement 
of the landslide body; the accuracy required for 
the device was not more than 1 mm, since the way 
in which the equipped borehole is conditioned 
strongly affects the accuracy of the final datum.
On the whole we can say that the proposed auto

matic recording system gave us satisfactory re
sults even though the climatic conditions of the 
sites and the geo-mechanical models of the land
slides studied were very different from each 
other.

Fig. 2 - Schematic configuration of the recording 
system (exaggerated scale): 1) CPU; 2) dry bat
tery; 3) solar cells; 4) rain gauge; 5) pulley 
for the measure of displacement; 6) steel thin 
wire; 7) electric piezometer; 8) ultrasonic snow 
depth gauge; 9) air thermometer; 10) remote elec
tric piezometer; 1 1 )aerial electric line; 1 2 ) un
derground electric line; 13) sliding surface; 14) 
perforated plastic tubes, geo-textile sheathing 
and sand filter.

Nevertheless some problems connected with the 
installation modalities arose during the monitor
ing.
The most important of these problems was re

lated to the device for the measure of displace
ment and in particular to the low effectiveness 
of the anchorage of the steel wire at the bottom 
of the borehole. Due to the scarce anchorage, we 
realized that during the movement of the land
slide body the wire was pulled off from the sta
ble zone underneath the sliding surface, together 
with the tube at the bottom of which it was fas
tened. Topographic surveys carried out to detect 
the real displacement rate of the landslides al
lowed us to check this fact. Measures taken at 
the top of the boreholes gave us values of dis
placements several times higher than the values 
obtained by means of the steel wire connected to 
the automatic device. The ratio between the dis
placements obtained by means of topographic and 
respectively automatic measures ranged from 5 to 
150 in the different situations recorded.
Another factor affecting the reliability of the 

displacement measures is given by the pulley ap
paratus in itself: it cannot detect separately 
the vertical component of movement and the hori
zontal one. It records only a global datum, com
prehensive of the two components of movement.

Moreover, the upward or downward direction which 
the vertical component of movement can assume 
along a landslide body makes the interpretation 
of the final datum even more complicated.
In fact it must be noticed that when the verti

cal component of movement is upward the counter
balance of the pulley apparatus (Figs. 2 and 3) 
goes upward, whereas if it is downward the coun
terbalance goes downward; obviously every hori
zontal component moves the counterbalance upward.
In these conditions when the vertical component 

is upward it will combine with the horizontal 
one, giving a resulting displacement equal to the 
sum of the two components.
On the contrary, when it is downward, the two 

components will compensate each other. In extreme 
case of components which have the same intensity, 
the resulting displacement could even become 
equal to zero.
Hence, it follows the importance of the loca

tion point of the pulley apparatus along the 
landslide body in affecting the intensity of the 
resulting displacement.
Therefore, to be sure on the reliability and 

availability of the datum recorded, we must 
choose points moving only vertically or only 
horizontally. In reality we usually choose the 
points as close as possible to one of these two 
limit conditions and check the real direction of 
movement by means of topographic surveys.
In our case, mostly due to the low effective

ness of the steel wire anchorage we missed the 
recording of the real intensity of displacement. 
But, on the other hand, we obtained the most im
portant result, that is the temporal trend of the 
displacement during all the critical events oc
curred.
However, in order to obtain the real value of 

displacement we decided to deepen the anchorage 
points well below the sliding surfaces as well as 
to improve the execution of the anchorage in it
self (Fig. 3) .

- - - I h -
Station

Fig. 3 - Improvement of the anchorage system 
(Ilci landslide, 1988): 1) device for the measure 
of displacement; 2) counterbalance; 3) additional 
meter; 4) support of pulley device; 5) anchorage; 
6) steel wire; 7) rubble; 8) sand filling; 9) 
plastic tube; 1 0 ) sheathing in segments; 1 1 ) 
sliding surface.
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3 COLLAPSE RECORDING OF GIAU PASS LANDSLIDE

At Giau Pass landslide the first equipped bore
holes were drilled at the end of 1982. They were 
equipped with ordinary instrumentation 
(Casagrande type piezometers and inclinometric 
tubes). At the same time topographic measures of 
displacement were begun and a recording rain 
gauge was installed.
After 4 years of ordinary measures (Angeli & 

Silvano,1987) we could detect values of displace
ment higher than 55 cm.
In order to acquire much more information on 

the short time dependent landslide mechanism at 
the end of 1986 two automatic recording stations 
were installed.
The first critical event was recorded in April 

1987 when the snow melting induced a significant 
landslide movement (the inclinometric probe could 
no longer pass beneath the sliding surface!). But 
the value of displacement recorded by the auto
matic station was only 6 mm, as shown in Figure 4 
(Angeli, 1987; Angeli et alii, 1988) . This low 
value of displacement was probably due to the not 
completely effective anchorage of the steel wire 
at the bottom of the borehole. The real hori
zontal displacement detected by means of topo
graphic surveys reached however only 6 cm.
All these movements were caused by the ground

water level increase in the graben mass. At that 
time we made the hypothesis that this increase 
could be induced by the direct infiltration of 
the water coming from the snow melting in the 
graben area as well as by the groundwater supply 
of the upper part of the hydrographic basin 
(Angeli & Silvano,1987). In April 1987, when the 
first automatically recorded situation occurred, 
a good relation between the reduction of the snow 
cover on the landslide body and the displacements 
was observed (Angeli,1987; Angeli et alii,1988).
But, on the basis of the data collected till 

then, we were not able to decide on which of the 
two water supply contributions (the melting of 
the snow which covered both the landslide surface 
and the uphill area) was prevalent in increasing 
the groundwater level in landslide body.
Only the critical event of April 1988 could un

derline the great importance in groundwater sup
ply of the contribution from the uphill area in 
comparison with the other.
At the beginning of April 1987 and April 1988 

the snow depth on the landslide body was quite 
the same. But when the snow melted in 1987 we had 
low values of displacement whereas in 1988 the 
complete collapse of the mass occurred.What could 
have happened is that in April 1987 the daily 
mean value of temperature gradually increased 
above 0°C up to 7°C. This temperature level 
lasted for only 2 days, then it lowered again un
der 7°C for 4 days and then again it gradually 
increased above 7°C. During this period a rela
tively low but continuous increase of groundwater 
flow in landslide body occurred. At the end of 
the period the above-mentioned low movement took 
place (Fig. 4).
On the contrary, in April 1988 the temperature 

suddenly increased from 0°C up to 9cC and then 
remained above 7°C for several days. Two days af
ter the temperature increased, a change in 
groundwater level was observed. Five days after 
the temperature increased, the groundwater level 
reached its maximum value and the landslide mass 
collapsed (Figs. 4 and 5).
Hence it follows that the duration of the tem
perature for many days above a datum level, plays 
a fundamental role in groundwater supply from the

time (days)
m

time ( days )
___ ___ Ter nper at ur e _____ _ Gr oundwat er  l evel

_______ Snow ________Di spl acement

Fig. 4 - Recording of critical situations.

uphill area. Probably this contribution, added to 
the water directly coming from the landslide sur
face as a result of the snow melting, caused the 
most critical hydraulic conditions and the land
slide collapsed.
The very low change of the groundwater level of 

about 0.5 m is however very impressive in compar
ison with the total displacement which occurred 
(on average 20 m), especially if related to the 
much greater change recorded in 1987 (about 1.5 
m) which was followed by a very low displacement 
(6 cm).
The fact that we could not measure groundwater 

levels consistent with the great displacements 
occurred during the collapse event can be at
tributed to the modalities of installation of the 
electric piezometer. In fact the piezometric 
probe was put inside a pre-existing inclinometric 
tube, which allowed only a low groundwater intake 
from the joints. This limited the possibility of 
the groundwater flowing into the tube and pre
vented us from recording the real intensity of 
the short-term piezometric changes which could 
occur in the landslide mass.
Therefore we only managed to record the real 

piezometric changes when these were induced by
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events of long duration (slow increase of temper
ature) as it occurred in 1987 (Fig. 4). During 
the short-term event of 1988 (rapid increase of 
temperature) we could catch only a smoothed trend 
of the groundwater level change, but not the real 
intensity of the peak values (Figs. 4 and 5). It 
has to be noticed how in Figure 5 the groundwater 
level related to the collapse event shows a slow 
increase up to a maximum value and then a drop 
due to the natural drainage which must have oc
curred when the landslide mass was affected by 
the first significant cracks, just before the 
complete collapse.
Following the first stage of the groundwater 

level increase (Fig. 5), the first movement was 
recorded at 10 a.m. on 22nd April 1988, about 40 
hours before the collapse. Last data were 
recorded at 4 a.m. on 24th April when the land
slide mass was already in the stage of decelera
tion (Fig. 5) and then the electrical connections 
between the sensors and the CPU were cut off as a 
result of the great displacements which occurred. 
Due to the ineffective anchorage of the steel 
wire at the bottom of the borehole, as we said in 
the previous paragraph, the total displacement in 
Figure 5 is equal to 125 mm whereas in reality it 
was at least 20 m.

corresponding to the stage of deceleration of 
the landslide mass is not taken into account.
The much correspondance between the existimated 

time of failure and the time in which the last 
data could be recorded, just before the electri
cal connections were cut off, points out the re
liability of the automatic recording system in 
detecting also the rapid evolution of the land
slides .
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Fig. 6 - Inverse number of velocity vs.time (the 
100th hour corresponds to 4 a.m. on 24th April 
1988) .
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Fig. 5 - Hydraulic and kinematic characteristics 
of the collapse (20th-24th April 1988).

Two people could see the site just before and 
after the complete collapse: in the opinion of 
the person who passed at 11 p.m. on 23rd April 
along the road which runs just in front of the 
landslide there was no evidence of movement; the 
other person who passed at 5 a.m. on 24th April 
said that the landslide had completely collapsed 
at that time.
In order to detect the exact time of failure we 

used a method proposed by Fukuzono (1985) which 
took into account the inverse number of velocity 
vs. time. The method is based on the considera
tion that when velocity becomes high, its inverse 
tends to zero. Therefore, the intersection of the 
inverse of velocity curve with the time axis de
termines the time of maximum velocity or, in 
other words, the time of failure. In our case the 
prolongation of the curve gives about the 100th 
hour (i.e. 4 a.m. on 24th April) as the time of 
failure (Fig. 6), provided that the last point

4 CONCLUSIONS

In conclusion we can assert that although some 
problems arose in relation to the modalities of 
installation of the utilized devices, the auto
matic recording system allowed us to obtain reli
able data on landslide mechanisms.
In addition the system could be checked during 

an event of collapse underlining its great relia
bility also in extreme conditions of utilization.
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