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Evaluation of rapid landslide impact forces against 
sheltering structures 
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Summary
A crucial role in the conception of landslide risk mitigation strategies is played by the design of mitigation measures aimed at 

reducing risk to acceptable values. In the case of extremely rapid landslides, such as debris flows, artificial obstacles are very common 
mitigation measures, designed either to stop or to deviate the flowing mass. In the design of these types of sheltering structures, cru-
cial is the evaluation of the impact forces exerted by the flowing mass on the structure, commonly accepted, this latter, to be a function 
of many variables, such as structure location, geometry, local topographic profile, flowing mass height, velocity and so on. 

Protection structures dissipate the flowing mass energy either partially or totally and, for this purpose, they are set along the po-
tential flowing path where the debris is transported and, more prevalently, deposited. 

This paper focuses on a procedure for simply evaluating the impact forces transmitted with time to quasi-rigid protection struc-
tures. The approach is based on the hypotheses of (i) employing a numerical code capable of describing the propagation of the rapid 
landslide in its downhill path and (ii) adding, in the evaluation of the impact force, the hydrodynamic and the quasi-static terms. De-
spite of its simplicity, the proposed procedure takes into account most of the engineering factors governing the problem, synthetized 
by the authors by using geometrical non-dimensional ratios. To clarify the proposed procedure, the results of numerical analyses are 
discussed and the influence of the above mentioned factors critically analysed. 
Keywords: debris flow, numerical analyses, impact force, engineering factors.

Introduction

As is well known, in the landslide risk assessment, 
in particular when rapid landslides are concerned, 
both inception and propagation have to be carefully 
analysed. Protection structures are designed to mo-
dify the propagation path and, in many cases, to lar-
gely reduce the landslide runout. The design of shel-
tering/protection structures starts from the choice 
of its position and passes throughout the evaluation 
of the forces transmitted by the flowing mass to the 
structure during the impact.

Regarding this latter point, both site [ZHANG, 
1993; CESCA, 2008] and scaled physical model mea-
surements [ARMANINI, 1997; ARMANINI and SCOTTON, 
1993; ARMANINI et al., 2010; 2011; SCOTTON et al., 1997; 
GHILARDI et al., 2006; MORACI et al., 2015] are funda-
mental. They are quite useful to both understand 
the theoretical aspects of the problem [PIERSON and 
COSTA, 1987] and validate theoretical approaches.

Up to now, the criteria generally used for the eva-
luation of the impact forces that debris flows exert 
on passive protection structures are not satisfacto-
ry and they generally take into account exclusively 
the maximum impact force, by disregarding its evo-
lution with time and many factors (both geometrical 
and rheological) that have been shown by many au-
thors to govern the problem. Nevertheless, even in 
the maximum impact force assessment, the results 
of experiments, available in the scientific literature, 
owing to their impressive dispersion, do not provi-
de reliable information [VAN DINE, 1996; ARMANINI, 
1997; SCOTTON et al., 1997; FAELLA and NIGRO, 2003; 
CESCA, 2008; SHUJI et al., 2009; ARMANINI et al., 2010; 
KOSINSKA, 2010; ARMANINI et al., 2011; MACKENZIE-HEIN-
WEIN et al., 2011; PREH et al., 2011; TEUFELSBAUER, 2011; 
CANELLI et al., 2012].

From an engineering viewpoint, validating the 
numerical tools, by using either small and full sca-
le models experimental test results [MORACI et al., 
2015], with the aim of assessing the energy and / or 
the momentum absorbable by these structures un-
der dynamic conditions and their stability when the 
soil mass arrests, would be fundamental.

In this paper, rapid debris flows (Fig. 1), recur-
sively affecting Southern Italy (Sarno, Giampilieri, 
Favazzina, etc.) [BORRELLI et al., 2012; GIOFFRÈ et al., 
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2016; MANDAGLIO et al., 2015; 2016a; 2016b] and very 
often producing catastrophic consequences, a high 
number of casualties and significant economic dam-
ages, are considered. 

For this purpose, in this paper, the authors pro-
pose a simplified methodology consisting in:
– Identifying the detachment zones/points and 

evaluating the potentially unstable volumes.
– Simulating the propagation process.
– Evaluating the impact forces on the designed 

protection structure.
The proposed methodology has been applied to 

an area located between Scilla and Favazzina (Reg-
gio Calabria), which has been recurrently interested 
by rainfall-induced debris flows.

Identification of detachment zones/points and 
evaluation of potentially unstable volumes

After that, the boundaries of the landslide-pro-
ne areas are defined on the base of both geologi-
cal and geomorphological studies: the evaluation 
of the volumes involved and the identification of 
the potential detachment zones are fundamental. 
To this aim, historical events are initially analysed: 
this allows us to choose the susceptibility descrip-
tors [FELL et al., 2008] to be used (such as slope in-
clination, lithological properties and geomorpho-

logical evidence, etc.) for the identification of po-
tentially unstable areas characterized by similar un-
stable mechanisms.

In the study carried out by the authors, the un-
stable volume and the position of the detachment 
zones were derived from the historical data relati-
ve to Favazzina, a small village located close to Scil-
la (RC). In particular, to analyze the propagation 
of debris flows, the conditions occurred during the 
event of May 2001, which affected the Favagreca ri-
ver, were taken into account. For this event, a sati-
sfactory reconstruction of the geometry and of the 
volumes of the detached mass was possible. In par-
ticular, the following parameters were available: ini-
tial volume of the detached mass (V0 = 1130 m3); fi-
nal volume at the end of the path (Vfin = 3V0); pre-
event digital terrain model of the study area.

This area was chosen as study site, since de-
bris flows are there recursive [MANDAGLIO et al., 
2015; 2016a; 2016b] and characterized by a preci-
sely identified frequency (return time) of one year. 
In particular, the coast between Bagnara and Scilla 
(RC), hosting the railway, the Salerno-Reggio Cala-
bria motorway, the SS18 main road, the village of 
Favazzina and other infrastructures, has been af-
fected in the past by numerous events, like those 
listed in table I.

The two landslides, occurred in 2001 and 2005, 
have been particularly well documented by diffe-

Fig. 1 – Rapid debris flow (source: http://www.wsgs.wyo.gov/hazards/landslides).
Fig.1 – Esempio di flusso detritico canalizzato (http://www.wsgs.wyo.gov/hazards/landslides).
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rent authors [BONAVINA et al., 2005; GIOFFRÈ, 2005] 
(Fig. 2). On May the 12th 2001, a debris flow chan-
nelled within the Favagreca valley, damaged the 
SNAM station of the pipeline, the railway and the 
motorway, causing the derailment of Turin-Reggio 
Calabria intercity train, while a second flow from 
a near valley struck the Brancato motorway. On 

March the 31st 2005, a similar event from the valley 
adjacent to the village of Favazzina caused damages 
to the village, the motorway and the railway, cau-
sing again the derailment of the Reggio Calabria-
Milan intercity train. 

The analysis of these events have highlighted the 
numerous factors facilitating the activation of debris 

Date Description Source Notes

28/12/1908
[…] Between Favazzina and Bagnara, many boulders detached and overloo-
ked the railway

Baratta M. 
(1910)

24/2/1931 Sites affected: Scilla - along the provincial road to Cannitello district
Il Mattino 

(1931)

7/2/1954
Sites affected: Scilla, Altavilla – along the provincial road n.115….The Land-
slide threatens the railway

Il Mattino 
(1954)

20/4/1960
Landslide in Scilla. Disrupted road and railway with 
enormous hardships 

Il Mattino 
(1960)

Serious 
damage to 
the railway

9/1/1968
A tremendous landslide hit on S.S. 18 main road between Favazzina and Scilla 
From 5:30 to 8:00 a.m. 250 mc of rock that blocked the whole lane broke away, 
breaking down the seaside wall for about thirty meters

Il Mattino 
(1968)

21/2/1968
An enormous landslide hit on S.S. 18 main road between Favazzina and Scilla. 
The landslide material is about 3000mc and takes nearly 50 m of the lane

Il Mattino 
(1968)

Injured 
two peo-

ple

14/10/1969 Sites affected: Scilla - along the S.S. 18 main road to Favazzina
Il Mattino 

(1969)

12/11/1976

On the lower Tyrrhenian sea, streams with mouth between Bagnara and Fa-
vazzina damage the rail line resulting in the derailment of a train […]
Further north, a steep slope in biotitic schists overlooking the sea, fractured 
and weakened by the action marine erosion, threats with continuous collapses 
the districts of Marina Grande Scilla and Chianalea, located at base

Gazzetta del 
Sud (1976)

24/01/1977
The S.S. 18 main road between Scilla and Favazzina due to a landslide that 
broke away from the slope above Annunziata village is closed. 

Gazzetta del 
Sud (1977)

01/01/1980 Interrupted, due to landslides, railway lines between Scilla and Bagnara
Gazzetta del 
Sud (1980)

1990
Scilla, district Chianalea. The landslide affects over 40 families
they had to leave their homes 

Gazzetta del 
Sud (1990)

13/10/1998
S.S. 18 main road. In the night between Monday and Tuesday, the mountain 
detached again in at least three points in the slope between Bagnara and Fa-
vazzina 

Gazzetta del 
Sud (1998)

23/11/1998

More rain again and new landslides along the main road 18 in the stretch Ba-
gnara-Favazzina […] A fragment of rock about two cubic meters took off at 
about fifty meters high, it has channeled along a “wound” of the mountain 
and has fallen on the asphalt where it left deep holes.

Gazzetta del 
Sud (1998)

18/04/2000

Twice in a few days the Oliveto river is overflowed in Scilla creating a major 
distress situation (and dangerous) for the three families who were forced to 
leave homes […]
The landslide of large proportions […] has led the authorities to close the 
main road 18 between Scilla and Bagnara

Gazzetta del 
Sud (2000)

12/05/2001 SS18 interruption. Train derailment. Instability in all the valleys
Autorità di 

Bacino

31/03/2005 SS18 interruption. Train derailment. Instability in all the valleys
Autorità di 

Bacino

Tab. I – Summary of real landslides in the studied area.
Tab. I – Sintesi delle notizie relative ai movimenti franosi nell’area studiata.
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Fig. 2 – 2001 and 2005 rapid debris flows: triggering zones, propagation and accumulation areas [MORACI et al., 2017].
Fig. 2 – Debris flows del 2001 e 2005: zone di innesco, aree di propagazione e di accumulo [MORACI et al., 2017].

Fig. 3 – Frequency of number of real events versus slope ranges and lithologies involved [MORACI et al., 2017].
Fig. 3 – Istogramma relativo agli eventi reali analizzati: inclinazioni e litologie coinvolte [MORACI et al., 2017].
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flows in the area, including (i) the steepness of coa-
stal slopes, (ii) the presence of incised valleys, (iii) 
the considerable thicknesses of alterative and collu-
vial blankets, (iv) rainfall regime and (v) numerous 
man-made works, such as paths, artificial slopes and 
disorderly draining networks.

Debris flows in the area originate from the tran-
slational sliding of alteration strata into the heads of 
the valleys, triggered by very intense rainfalls. Debris, 
channelling in the valleys, increases in solid and wa-
ter volume, producing debris flows. The term is justi-
fied by the percentage of solid and liquid concentra-
tions in the flowing mass.

The analysis of historical landslides, occurred in 
the study area allow us to define a “threshold” slope 
inclination for the lithology, assumed to be quite ho-
mogeneous in the area (Fig. 3).

The selected susceptibility descriptors (classes of 
inclinations and lithology) have also allowed us to 
identify, by means of the geomorphic analysis of the 
study area, additional hypothetical inception points 
(blue symbols in Fig. 4). In the same figure, red 
symbols refer to inception points identified by me-
ans of the analysis of historical data. 

Propagation process

In general, the simulation of the propagation 
process can be performed by employing either con-
tinuum or discontinuum mechanics, and in the for-
mer case, by using either Eulerian or Lagrangian 
approaches [ZIENKIEWICZ and SHIOMI, 1984]. Among 
these, the most popular are the numerical codes 
based on the MPM [ANDERSEN and ANDERSEN, 2010; 
MAST et al., 2014; CECCATO 2016], ALE [SOULI et al., 
2000; KONUK et al., 2005], and SPH [BONET and RO-
DRIGUEZ-PAZ, 2005; PASTOR et al., 2009] methods. To si-
mulate the propagation of the previously mentioned 
debris flows, the authors, for instance, used the nu-
merical code developed by PASTOR et al. [2009], ba-
sed on the SPH method, particularly suitable for the 
study of flows characterized by a limited thicknesses, 
since all the variables are integrated along depth. 

In the code, the flowing mass is considered as a 
mixture, and no distinction is made between water 
and solid particles. The numerical tool has been ini-
tially validated/calibrated by:
1. analysing historical data. In particular, data re-

garding detached volumes, inception points, fi-

Fig. 4 – Map of potential and past debris flow triggering zones in the studied area [MORACI et al., 2017].
Fig. 4 – Mappa delle zone di innesco di debris flow potenziali e di debris flow avvenuti nell’area di studio [MORACI et al., 2017].
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nal volumes, final accumulation thicknesses and 
mass runout have to be collected.

2. Describing in detail the topography (DEM). An 
example of topographic data for the Favazzina 
case is shown in figure 5.

3. Sampling the debris in the potential inception 
areas and performing laboratory tests for its clas-
sification/characterization. In the case of Favazzi-
na, the soils are classified as inorganic silts with 
sand (ML) and silty sands (SM). The soil has been 
tested by using a viscometer, under different solid 
concentrations [MORACI et al., 2017]. Laboratory 
test results have clearly shown that the Bingham 

rheology fits satisfactorily the experimental data, 
once its constitutive parameters are assumed to 
obey to the following relations, applicable to flows 
with Cv less than 60 % [PIERSON and COSTA, 1987]:

  0.132
y 0.251 exp vCτ ⋅= ⋅  (1)

  0.1630.112 exp vCµ ⋅= ⋅  (2)

4. Performing numerical calculations to reproduce 
the historical propagation processes. Once the 
rheological parameters, relating the solid con-
centration to y and µ have been evaluated, sin-

Fig. 5 – Digital Elevation Model of the studied area.
Fig. 5 – DEM dell’area.

Fig. 6 – Susceptibility maps of the studied area with Cv= 55% for Es=0.001 m-1 (a) and Es=0.002 m-1 (b) [MORACI et al., 2017].
Fig. 6 – Mappe di suscettibilità dell’area in esame Cv= 55% per Es=0.001 m-1 (a) e Es=0.002 m-1 (b) [MORACI et al., 2017].

a) b)
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ce in the numerical code the solid concentration 
Cv is assumed not to evolve and the erosion coef-
ficient Es along the bottom of the channel to be 
assigned, a series of numerical analyses have be-
en performed and the error on the runout, ac-
cumulated height and accumulated volume mi-
nimized.

5. Finally, by using the CV and ES values previously 
calibrated, numerical simulations of the propa-
gation phase for both the potential and real trig-
gering zones previously identified (Fig. 4) have 
been performed and the run-out zones and de-
bris flow paths have been marked. 

Debris flow susceptibility zoning

If parameters Cv and Es are varied about their 
characteristic values, the run-out zones and debris 
flow paths can be identified. In Figure 6 the perime-
ters, obtained (i) by performing numerical simula-
tions in which the values of Cv is imposed equal to 
55%, and the values of Es to 0.001 and 0.002 m-1, (ii) 
by taking as potential inception points those plotted 
in figure 4, are illustrated. In the same figure, the 
obtained results have been compared with PAI Ca-
labria data.

Evaluation of impact forces against protection 
structures

For the sake of simplicity, the forces applied 
by the flowing mass on the sheltering structure are 
usually evaluated by assuming the structure to be ri-
gid and the energy to be dissipated only within the 
landslide mass. The design of protective structures 
depends on the channel geometry, the accumulation 
area and on the structure geometry. Hence, the pa-
rameters related to the channel in which the debris 
flow propagates, the accumulation zone, the evolu-
tion of the flowing mass profile during the evolution 
of time and the sheltering structure are summarized 
here below. 

The impact force is a function of the following 
variables: structure / debris flow initial heights (the 
term initial indicates the instant of time at which 
the impact starts) (H /s0), structure width / storage 
area width (B / b’), distance of structure from slope 
zone / structure height (L / H); uphill inclination 
angle of the structure (β), channel slope (α), and 
inclination of the flowing mass front (γ).

The evolution of the impact force with time is 
suggested by the authors to be calculated by ad-
ding the static (Fstatic) to the dynamic component 
(Fdynamic):

Fig. 7 – Definition of geometric factors relating to channel and accumulation zones. b = channelized slope width, b’ = b’(x, 
t) debris flow fan deposit width.
Fig. 7 – Definizione dei fattori geometrici relativi al canale e all’area di accumulo. b = larghezza canalizzata del pendio, b’ = b’(x, t) 
larghezza dell’area di deposito del debris flow. 
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 Ftot= Fstatic+Fdynamic (3)

where, according to the standard geotechnical formu-
las, the static component is given, for the sake of sim-
plicity, by: 

 
 2 '1

2static pF K s bγ=  (4)

where Kp stands for the passive earth pressure coeffi-
cient under critical state conditions, whereas s=s(t) is 
the current debris flow height. Under 2D conditions, 
b’ is assumed equal to 1 m.

In contrast, the dynamic component is calculated 
by using the following formula [CANELLI et al. 2012]:

  2
dynamicF k v Aρ=  (5)

being A the impact area, k an impact coefficient as-
sumed equal to 5, whereas ρ and v, the density and 
the velocity of the flowing mass, respectively.

The numerous alternative approaches available in 
the literature are not here considered for the sake of 
brevity. An exhaustive references concerning these ap-
proach is in CECCATO [2016] and CALVETTI et al. [2016].

As is evident, the static force depends only on 
the flowing mass height, whereas the dynamic com-
ponent on both the flowing mass height and its ve-
locity. Both these variables, averaged along depth, 
may be calculated by using the previously mentio-

Fig. 8 – Definition of geometric parameters relating to the protection structure and debris flow.
Fig. 8 – Definizione dei parametri geometrici relativi all’opera di protezione e alla massa in frana.

Fig. 9 – Definition of the characteristic angles of protection structure, slope and debris flow: α) is the channel slope; β) is the 
uphill inclination angle of the structure; and γ) is the slope of the flowing mass front.
Fig. 9 – Definizione degli angoli caratteristici del rilevato, del canale e della massa in frana: ) angolo di inclinazione del canale; ) 
angolo di inclinazione dell’opera; e ) angolo di inclinazione del fronte della massa in frana.
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ned SPH code, employed to describe the propaga-
tion process. 

Referring to a one-dimensional case (Fig. 10), a 
channel length of 100 m with an average inclination 
slope of 37°, a parametric analysis was carried out by 
using the SPH code and the above mentioned rheo-
logical law for the mixture. The numerical analyses 

were carried out by imposing a bottom erosion coef-
ficient equal to 0.002 m-1. The goal of the numerical 
analysis was to study the influence on the total force 
of (i) the detached volume (V), (ii) the solid concen-
tration (Cv), and (iii) parameter L.

In figure 11 the trends of debris flow height, de-
bris flow velocity and total force versus the time for 

Fig. 10 – 1-D analysed case.
Fig. 10 – Caso monodimensionale analizzato.

Fig. 11 – Debris flow height, velocity and total force versus time for detached volume V = 10m3/m: a) Cv = 50 %; b) Cv = 55 %.
Fig. 11 – Andamento dell’altezza, della velocità e della forza totale nel tempo a parità di volume di distacco V = 10m3/m: a) Cv = 50 %; 
b) Cv = 55 %.

a)

b)
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different values of L (0 and 4 m), in case of deta-
ched volume =10 m3/m, considering two different 
Cv values (50 % and 55 %, respectively) are illustra-
ted.

For both cases under consideration, debris flow 
heights increase but not monotonically with time. 
Larger values of both the flowing mass height and 
velocity are evident in case L=0. In both cases, the 
debris flow velocities increase sharply during a short 
time and then nullify.

As was expected, debris flow heights, velocities 
and impact forces are larger for Cv = 50 % (Fig. 11a), 
corresponding to a more liquid mixture. 

In figure 12 analogous graphs are reported in 
the case of a volume of 20 m3/m. Again, two diffe-
rent Cv values (50% and 55%) are taken into consi-
deration. As was expected, the curves are analogous, 
but the value of all the variables is quite larger.

By comparing figures 11 and 12, we easily deri-
ve that the detached volume influences significantly 
the results: larger detached volumes produce higher 
values of height, velocity and impact forces.

Finally, referring to the studied area and to the pre-
viously mentioned 2001 Favagreca valley event, a real 
three-dimensional numerical propagation analysis was 
performed to evaluate the impact force (Fig. 13). The 
considered channel length was 100 m, the detached 

volume was equal to 600 m3, the average inclination 
slope was of 37°, Cv= 55 % and Es = 0,002 m-1. 

In figure 14 the spatial distribution of the debris 
flow height, debris flow velocity and force per unit 
lenght at the end of the channel numerically obtai-

Fig. 12 – Debris flow height, velocity and total force versus time for detached volume V = 20m3/m: a) Cv = 50 %; b) Cv = 55 %.
Fig. 12 – Andamento dell’altezza, della velocità e della forza totale nel tempo a parità di volume di distacco V = 20m3/m: a) Cv = 50 %; 
b) Cv = 55 %.

Fig. 13 – Three-dimensional analysed real case. 
Fig. 13 – Caso reale 3D analizzato.

a)

b)
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ned is shown, whereas in figure 15 the total force 
versus time is plotted. 

As was expected, height, velocity and force get 
their maximum value on the symmetry axis; the 
width of the debris is quite larger at the end of the 
impact than the valley width and the force per unit 
length distribution is severely varying with the distan-
ce from the symmetry axis.

Conclusions 

In this paper, a simplified procedure to design 
protection structures against debris flows is outli-
ned. Such a procedure starts from the identification 
of the inception areas and arrives to the assessment 
of impact forces on sheltering structures. As far as 
the identification of the detachment areas is concer-
ned, the authors suggest to analyse first the availa-
ble historical data and to individuate the quantitati-
ve indicators to be considered. Once both inception 
areas and initial unstable volumes are assigned, the 
second step consists in employing a numerical co-
de capable of simulating the propagation process. 
The rheological parameters calibration is suggested 
to be performed by employing both historical data 
and ad hoc experimental test results. The same nu-
merical code can be fruitfully employed to evalua-
te the force applied, during the evolution of time, 
by the flowing mass to the protection structure. The 
force is, in fact, calculated by adding the quasi-static 
and the dynamic terms: the former one is assumed 
to be exclusively dependent on the current soil mass 
height, whereas the latter one on both the soil mass 
height and velocity. 

Fig. 14 – Spatial distribution, according to the geometrical 
scheme described in a) (timpact and tf correspond to the 
instants of time at which the impact starts and concludes, 
respectively), of mass height b), velocity c) and force per 
unit length d).
Fig. 14 – Distribuzione nello spazio, secondo lo schema geometrico 
riportato in a) (timpact = tempo di primo impatto e tf = tempo 
relativo allo stato finale quando tutto il materiale è depositato), 
di altezza b), velocità c) e forza per unità di lunghezza d).

Fig. 15 – Total force versus time.
Fig. 15 – Andamento della forza totale nel tempo.
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As was expected, the 1-D numerical analysis re-
sults showed the role played by the detached volu-
mes in affecting height, velocity and total force va-
lues. Analogously, the influence of the solid concen-
tration of the mixture and the protection structure 
position has been discussed. Larger values of height, 
velocity and total force refer to structures positioned 
at the toe of the slope.

Finally, to emphasize the importance of the pro-
tection structure position, the numerical procedure 
has been applied to a real three- dimensional case 
and the spatial distribution of the debris flow height, 
velocity and force has been discussed.
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Valutazione delle forze di impatto 
da frane rapide contro strutture di 
protezione

Sommario
Un ruolo fondamentale nelle strategie di mitigazione del rischio da 

frana è svolto dalla progettazione delle opere di mitigazione volte a ridurre 
il rischio a livelli accettabili. In caso di frane estremamente rapide, come 
le colate detritiche, interventi molto comuni di mitigazione del rischio 
sono i rilevati artificiali, che sono progettati sia per arrestare che per 
deviare le masse in frana. Nella progettazione di questi tipi di strutture, 
fondamentale è la valutazione delle forze d’impatto esercitate dalla massa 
in frana sulla struttura. Quello dell’impatto è un fenomeno complesso 
e il valore della forza di impatto è funzione di numerose variabili quali, 
ad esempio, la posizione della struttura, la sua geometria, il profilo 
topografico locale del pendio, l’altezza media della massa che scorre, la 
sua velocità, ecc.

Le strutture di protezione dissipano parzialmente o totalmente 
l’energia della massa in movimento e, a questo scopo, sono collocate 
lungo il potenziale percorso ove i detriti sono trasportati e si depositano. 
L’articolo presenta una procedura per valutare in modo semplificato le 
forze d’urto trasmesse nel tempo a strutture di protezione quasi-rigide. 

L’approccio si basa sull’ipotesi di (i) avere a disposizione un codice 
di calcolo numerico in grado di descrivere la propagazione della frana 
rapida lungo il suo percorso e (ii) sommare, nella valutazione della forza 
di impatto, le componenti idrodinamica e quasi-statica. La procedura 
proposta tiene conto della maggior parte dei fattori ingegneristici che 
governano il problema, valutati dagli autori mediante rapporti geometrici 
adimensionali. Infine, per chiarire la procedura suggerita, sono discussi i 
risultati di differenti analisi numeriche al fine di analizzare criticamente 
l’influenza dei fattori precedentemente menzionati.
Parole chiave: colate detritiche, analisi numerica, forza d’impatto, 
fattori ingegneristici.




