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Experimental activity carried out on the lisimeter and the physical 
model of slope. Results and analysis. 

Summary 
This technical report illustrates the main results obtained from the experimental 
activity performed with both physical model of slope and lisimeter. The set of data is 
referred to the variation of physical variable as suction and water content in soil 
sample measured during the tests. 
In the tests carried out with the physical model rain induced flowslides are simulated. 
Here the artificial rain is almost uniform over the sample surface and characterized by 
a constant intensity. The seepage of rain water develops principally along the slope 
direction and the sample thickness, increasing water content and, as a consequence 
decreasing suction until to reach sample failure. 
In the case of the experimental activity performed with lisimeter the moisture of soil 
sample is regulated directly by weather conditions. Nevertheless the water flow can 
pass trough the sample only vertically as the lateral wall of the tank containing it are 
water proof. So a real one dimensional seepage process is investigated. 
The whole set of data allows to analyze the water store capability of pyroclastic soils 
starting from different conditions in terms of suction and/or soil water content. 
Moreover the data obtained with the physical model are also able to indicate how the 
seepage process determines the saturation of the sample before failure occurs. 
A first attempt to interpret the suction measurements has been also discussed. It 
consists of a numerical analysis carried out using the commercial software Surfer to 
make interpolation of suction data along a longitudinal sample sections where the 
tensiometers have been put in place. This allowed to estimate the trend of suction 
variation inside the sample as well as how it was saturated. 
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Introduction 
The aim of this experimental activity is investigate the hydraulic and mechanical 

behaviour of a pyroclastic soils layers and how it is correlated to the incipient 

mobilization of these kinds of soil during rainfalls, which can generate rapid and 

destroying flowslide. 

For this purpose some tests have been performed with the physical model of slope to 

reproduce and to study the trigger of a flowslide. The soil sample reconstructed on the 

artificial slope is representative of a small quantities of pyroclastic soil which cover 

some slope of the Campania Region and are affected by this type of phenomena. 

On the other side the lisimiter has been employed to study the hydraulic and 

mechanical properties of pyroclastic layers in terms of suction and water content 

respect to the change of weather conditions. 

The experimental data collected in all the tests allow to understand better the 

mechanism correlated to the trigger of a flowslide, and which physical variable could be 

chosen as indicator of an incipient soil mobilization. 

Moreover the same data could be used to validate numerical analysis performed using 

the code Trigrs to check the stability of a slope respect to the flowslide hazard. 

 

1_Experimental activity with physical model of slope 
The activity carried out until now on the slope prototype consists of N. 10 tests 

performed on soil samples made of a volcanic ash, a non plastic silty sand with gravel, 

pomiceous stones (see Fig. 1). The samples are characterized by a thickness of 

approximately 40 cm and a lower density (see Table 1), while the initial sample status 

conditions in terms of degree of saturation (i.e. suction) and slope inclination are 

different (see Table 1).  

The slide have been triggered simulating a uniform rain over the sample. The rain has 

a constant intensity. Its value has been fixed to 30 mm/h for the tests from N. 1 to N. 9 , 

while it has been increase to 35 mm/h for the test N. 10.  

The sample inclination is approximately equal to the soil friction angle (about 37°), or 

lower (see Table 1), except for the test N. 8. For this values of slope, the initial stability 

of the sample is guaranteed by the mechanical effect of soil suction.  
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Figure 1. Soil grading of a volcanic ash involved in a significant rapid 

flowslide of 33000 m3 occurred on 4th March, 2005. 

 

Table 1. Sample characteristics. 

Test Inclination w* porosity* Sr* suction* 
N. (°) (%) (%) (%) (kPa) 
1 32 31.09 66.72 41.10 - 
2 35 33.21 70.73 36.43 - 
3 32 31.38 70.02 35.62 32.00 
4 35 25.83 68.33 31.74 100.00 
5 37 - - - 2.50 
6 - - - - - 
7 37 41.89 62.24 41.89 5.00 
8 40 36.35 66.22 49.34 15.00 
9 35 39.21 62.83 64.71 7.00 

10 37.5 26.58 67.91 33.29 80.00 

 

(w* and Sr* are respectively the average of the water content, and the degree of 

saturation before test starts (w=Pw/Ps, Pw is the weight of the water inside the soil, 

Ps is the weight of the soil; Sr=Vw/Vv, Vw is the volume of the water inside the soil, 

Vv is the soil pores volume). As well the suction value corresponds to the average 

of the value at the beginning of the test collected by the tensiometers placed at the 

deeper level). 
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The whole apparatus is equipped with devices able to measure:  

 suction (by means of tensiometers small tip, Soil Moisture) 

 volumetric water content (by means of TDR system) 

 sample weight variation (by means of six component load cells) 

 displacement of the sample surface (by means of laser scanner and a P.I.V. 

technique). 

All these sensor gauges and devices are able to sampling measures at a rate of 1 sec. 

or less (see technical report of January), as well the video camera of the P.I.V. system 

can acquire up to 25 images per second; so in each test it is possible to control the 

development of sample status in different ways.  

This is not true only for the laser scanner devices: as the laser need not less of 6 

minutes to make an acceptable scanning of the whole sample surface, the information 

obtained are referred to few instants of the test, in particular the laser scanning allows 

to check the sample shape only before slide occurs.  

 

Between the whole set of data the most useful to describe what happened during the 

test are the measures collected by the load cells. In fact these measures give the 

variation of soil sample weight due to both the seepage of rain water and falls (or slide) 

of soil mass, describing so the effects of the rain on the sample. 

In Fig.2 are showed all the cells data collected, while Figg. 3 and 4 show some of the 

curves reported in Fig. 2 to consent a better comparison between the them. There are 

not measures related to the tests N. 1, 2 and 6 as in the first two tests there were some 

problem with the data acquisition system, while in the case of the test N. 6 the sample 

was too wetted so it failed as the slope was tilted. 

Fig. 3 shows the change of sample weight measured in test where the slope of the 

physical model was ever less than the friction angle of the soils or almost equal to it. 

Looking at this curves it is worthy to note as in this of condition the soil sample 

adsorbed water until to reach failure. The amount of water seeping in decreases with 

time: it is greater at the beginning of the test, then reduces gradually or soon on the 

base of the initial value of soil water content. This behaviour can be better explained 

considering the value of hydraulic gradient between outside and inside the sample and 

how it affects the water seepage. 

 



 
 

 7

 

 
Figure 2. Soil sample variation measured during all the tests. 

 

 

Initial suction(*) 100 kPa

Initial suction (*)
70 kPa

Initial suction (*)
80 kPa

Initial suction (*) 32 kPa

Initial suction (*) 2.5 kPa

(*) suction measured at deeper level

 
Figure 3. Soil sample variation measured during the tests characterized 

by a slope of the physical model less than the soil friction 

angle. 
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Inclination 35°

Inclination 32°

Inclination 40°

Inclination 37°

 
Figure 4. Soil sample variation measured during the tests characterized 

by different a slope of the physical model (both greater and 

less than the soil friction angle). 

 

 

 
Figure 5. Water retention curves of pyroclastic soils. 
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At the beginning of the test when the suction on the upper part of the sample is greater, 

also the gradient which leads the water inside the sample is greater. Then, as the water 

content inside the soil increases, the suction decreases along with the gradient. 

In this condition an additional aid for increasing the amount of adsorbed water could be 

provided by increasing the soil permeability1. Anyway, looking at the water retention 

curve obtained testing in a suction controlled oedometer (Rojas et al 2007, Fig. 5), the 

soil used in this experimental activity, it is possible to observe how the range of the 

suction inside the sample is not greater than the air entry value2. For this reason it is 

possible to consider the increment of permeability negligible, or not able to give a real 

improvement. Moreover as the degree of saturation increases the amount of water 

which the sample can store decreases. Nevertheless it seems that there is a light 

increment of soil water content also before sample failure. 

The flowslide trigger is clearly indicated by the load cells with an abrupt decrease in the 

sample weight (Figg. 2 and 3). The size of the weight drop is obviously related to the 

quantity of soil lost in the landslide. The other sudden small decreases of sample 

weight recorded by the load cells during the tests are referred to the fall of small 

quantity of soil or to a loss of runoff water occurred when the rain system was stopped 

to allow the laser scanning. 

In all the test the flowslide involved the sample in all its thickness, but in some tests as 

the N. 3 or N. 9, the failure did not affect the whole sample but a part of it 

(approximately a half of it). 

When the sample has a slope greater than the soil friction angle (test N. 8 Figg. 2 and 

4) the results of the test are different. In this case it is not possible to find an unique 

failure of the sample: during this test it was observed subsequent falls of small volume 

of soil, sometimes not completely saturated. This behaviour has been well caught by 

the load cells measurements. 

The load cells data allowed also to estimate a relationship between the initial conditions 

of the samples, in terms of the average of suction on their lower base, and the whole 

                                                           
1 It is well known as the soil permeability increases as suction decreases. The trend of this variation can be 
extrapolated from the soil water retention curve. 
2 The air entry value is the suction value which indicated the transition between the saturated and 
unsaturated conditions. 
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amount of rain water fallen down during the tests. This association is reported in Fig. 6, 

it is referred to tests carried out choosing the same rain intensity. 

The end result points out that for an initial suction value of about 90 kPa it is needed an 

amount of rain water to induce a flowslide four times greater than the quantity required 

in the case of the initial suction less than 10 kPa. 

 

 
Figure 6. Relationship between the average suction on the lower base 

of the sample, and the whole amount of rain water fallen down 

during the test. 

 

 

The tensiometer and TDR measurements allow to evaluate the seepage process inside 

the sample and to characterize the soil hydraulic behaviour before reaching failure. 

This set of data is made of measures collected by N. 20 tensiometers placed at three 

or four different depths, and four TDR probes placed at the same level in the middle of 

soil sample. 

Some examples of the results obtained are shown in Figg. 7 8 and 9. Figg 6 and 7 

show the suction variation registered respectively by 3 and 4 tensiometers disposed 

approximately along the same vertical, while Fig. 9 shows the TDR measures.  
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In all the tests carried out until now (see Figg. 7 and 8), the flowslide occurred always 

when all the tensiometers read a suction equal to zero, whether the initial conditions of 

the sample were drier or wetter. This means that to trigger a slide it is necessary to 

reduce to zero the contribution of suction to the sample stability. The tensiometers 

measurements indicate also that there is a sudden reduction of suction when the 

saturation front reaches the measure depth.  

It is worthy to note that the same curves show a delay of saturation of the deeper level 

(green curves in Figg. 7 and 8) with respect to the upper ones. This perhaps because 

water flows through the sample also along the slope direction where the soil is almost 

saturated (thanks also to the presence of a drainage surface at the end of the sample), 

or because of a very low permeability of the drier tier of the deeper soil. 

 

13

 
Figure 7. Suction variation at three different depths considered along 

the same vertical. 
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Figure 8. Suction variation at four different depths considered along the 

same vertical. 

 

 

θ

 
Figure 9. Water content variation along the middle depth of the sample. 
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The TDR water content measurements are referred only to the middle levels of the 

sample, so it is not possible to obtain a variation of this variable along the sample 

thickness. Anyway the collected values show an increment of water content slightly 

greater in the lower zone of the sample (see orange and yellow curves in Fig. 9), with 

respect to the upper part (blue and green curves in Fig. 9). Comparing these results 

with the tensiometers data it seems that there is a store of water down to the sample, 

which increases with time and saturates the sample from the bottom to the top. 

 

To verify what said before and to understand how the seepage process determines the 

saturation of the sample, the suction data have been interpolated along a vertical 

lengthwise section of the sample. The numerical analysis has been carried out using 

the commercial software Surfer, suitable to make interpolation of data inside a 

bidimensional or tridimensional domains by means of different mathematical 

relationships. In our case we used inverse distance weighting (IDW), it is a method for 

multivariate interpolation, assigning values to unknown points by using scattered set of 

known data points (see technical report of May 2008). Until now this kind of analysis 

has been made only on the measures collected during the test N. 4. The results of the 

interpolation confirm what said before and show how the seepage process takes place 

inside the soil sample and how it characterizes the sample saturation before failure 

occurs. These results are showed in Figg. 10 and 11. 
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Figure 10. Suction variation (kPa) in different time along a vertical 

lengthwise section of the left part of the sample. 

 

 
Figure 11. Suction variation (kPa) in different time along a vertical 

lengthwise section of the right part of the sample. 
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For what concerns the measures on the sample surface displacement, until now the 

data available have been obtained only from the laser scanner. These have been made 

in the first part of the test when the sample is far from the completely saturated 

condition or slight close to it. This to avoid slide occurs when the laser is working. 

An example of the information obtained from the scanning is reported in Fig. 12. Here 

there are a comparison between the cross sections of four sample surface scanning 

during the test N. 7. Starting from the initial condition (yellow curve, Fig. 12), it is 

possible to note that as the soil adsorbs water there is first a settlement which affect 

almost all the sample (sky blue curve; Fig. 12). Then the sample moves slowly down as 

an unique mass causing a progressive reduction of soil thickness on the top and a 

store of material on the bottom of the slope (violet curve and green curve, Fig. 12). This 

behaviour shows a tendency of the soil to preserve a stability configuration by lowering 

its slope. 

 

 

 
Figure 12. Sections of the sample surface scanning made in different 

moments during the test N. 7. 
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2_Experimental activity with lisimeter 
The aim of experimental activity carried out with lisimeter is to study the hydraulic and 

mechanical behaviour of a pyroclastic soil sample related to the change of weather 

conditions. Especially it is referred to: rain quantity, air temperature and air humidity. 

The apparatus has a weather station equipped with rain gauge, an humidity and 

temperature sensor, but also with an barometer and anemometer. The same 

datalogger of weather station is able to acquire other sensor gauges: water pressure 

transducers connected to Soil Moisture small tip tensiometers, 229-L Campbell 

Scientific thermal conductivity sensors and load cells, to measure respectively suction 

(directly by tensiometer, indirectly by thermal conductivity sensors), and sample weight 

change due to soil water content variations. Another datalogger has been dedicated to 

the TDR system to measure water content at different depths inside the sample. 

Right now there are other sensor gauge to measure temperature inside the sample and 

the global radiations on its surface, anyway they need to have another dedicated 

datalogger which has to be still configured. 

All these devices could be used to investigate how and how much the water content 

can change inside this kind of soils during the different climatic period of the year. 

The set up of the apparatus has been made during this year. First it has been 

necessary to compile the datalogger software to acquire all the instrument and sensor 

gauges connected to it. Then all the sensors have been tested. 

Once the whole apparatus has been ready to use it has been possible to reconstruct 

the sample inside the lisimeter tank. 

The soil used is the same employed in the experimental tests carried out with the 

physical model of slope (Fig. 1). The soil has been put in place using the travelling 

pluviation method. In particular the technique applied consists to distribute the soil 

particles uniformly on the deposition surface letting them fall trough a funnel. To cover 

all the deposition surface the funnel has been moved parallel to it, keeping constant the 

distance between the surface and the end of the funnel. To do that the funnel has been 

equipped with an extension. To guarantee the uniformity of the particles flow, the soil 

has been air dried until to reach a water content of about 10%. 
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Before making the sample, a geosynthetic sheet has been placed on the lower base of 

the lisimeter tank, and then wetted (see Fig 13). At the same time the tensiometers 

have been saturated. 

During the deposition process, it has been possible to put in place tensiometers and 

TDR probes (see Fig. 14). In all N. 12 tensiometers small tip and N. 5 TDR three road 

probes (30 cm long), have been distributed along five different levels. 

 

 
Figure 13. Deposition process: initial phase. 

 

 
Figure 14. Deposition process: put in place of tensiometers and TDR 

probes. 
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The sample preparation has been checked measuring the increment of sample weight 

by load cells (see Fig. 15). The amount of soil used is about 1.2 ton and the density 

reached is about 67%. After that, the measurement was kept on to verify the reliability 

of the load cells measures (see Fig. 16). 

 

 
Figure 15. Deposition process: increase of soil sample weight. 

 

 

 
Figure 16. Load cells measure some days after deposition process. 
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The measurement activity began at the end of the last month. The first results are 

showed in the Figg. 17, 18, 19, 20, 21 and 22. As the summer period is characterized 

by few rain events and high temperature values (see Figg. 17 and 18), the humidity of 

sample did not increase. This implies the impossibility to obtain reliable and correct 

suction measure. In fact, looking at the retention properties of these soils (Fig. 5), the 

suction corresponding to a water content of 10% is greater than the maximum value 

measurable with commercial tensiometers (usually these devices have a capability limit 

of 80-90 kPa). It explains the suction trend measurement showed in Fig. 20 where 

during the phase of equalization the suction measured by tensiometers grows quickly 

up to the upper limit of these devices. Anyway the water inside the tensiometers tries to 

equalize the suction inside the sample generating a flow of water outside tensiometer 

chamber. Here the water is replaced with air. This process causes the desaturation of 

the porous stone and then of the whole device leading the measure to zero value (see 

Fig. 22).  

The effects of an increase of air temperature affected also the load cell measures. 

Looking at the Fig. 21, and making a comparison between this curve and the other one 

showed in Fig. 18, it is clear that the variations of sample weight are not real, but 

clearly depends on a temperature variation. 

Other measures of known weight variation could allow to check the real relationship 

between temperature variation and load cells measurement fluctuation. 

The Figg. 19 and 20 show the measures of relative humidity and atmospheric pressure. 

The pressure data do not cover all the period of measurement as there were some 

problems with the barometer. 
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Figure 17. Rain measurement during the first period of experimental 

activity. 

 

 

 

 
Figure 18. Temperature and rain measurements. 
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Figure 19. Relative humidity and rain measurements. 

 

 

 

 
Figure 20. Atmospheric pressure and rain measurements. 
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Figure 21. Sample weight variation and rain measurements. 

 

 

 

 
Figure 22. Suction measures at five different levels inside sample and 

rain measurements. 
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Conclusion  
In the experimental tests performed on the physical model of slope, small rain induced 

flowslide have been reproduced. The suction and water content measures have 

allowed to interpret the seepage process inside the sample until to the failure. 

The load cells measurements have shown the sample weight variation due to both soil 

falls and increase of sample water content. Moreover these measures appears also 

suitable to estimate the capacity of the whole sample to adsorb water during the test. 

From the tests carried out until now it has been possible to estimate a relationship 

between rain inducing flowslide and the initial state of the sample in terms of suction 

and or water content. This for samples characterized by a thickness of 40 cm and a 

simulated rain with an intensity of 30 mm/h. 

Other tests performed on sample with a greater thickness and changing the rain 

intensity, will let to verify the influence of these variables with respect to the trigger of 

flowslide. 

In this report it has been reported also the first attempt to analyze the suction measures 

obtained during a test performed on the physical model of slope. The analysis shows 

the development of the seepage process inside the sample along two different 

longitudinal cross section at different time: the results are also able to define how the 

water infiltration produced the saturation of the soil up to the failure. It seems that they 

agree with the observed behaviour. 

Further analysis of other suction data measured in different tests could verify what 

defined until now and give more information about the of hydraulic properties of the soil 

sample in relation with the simulated rain.  

 

For what concern the experimental activity with lisimeter it will be necessary to carry on 

the measurements especially during the most rainfall period. Furthermore 

measurements of known increments of sample weight could allow to verify the load 

cells measures. 

To complete the set up of the apparatus the other available sensors should be installed 

and put in place. 

 


