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ABSTRACT: Natural hazards such as floods, landslides, debris flows, earthquakes, and fires cause many disasters. In 
Switzerland, from 1972 to 2021, damage from floods, landslides, debris flows, and rockfalls amounted to approximately 
CHF 300 million annually. Climate change, settlement development, and increasing land use are some of the primary triggers 
of natural hazards. Permanent landslides generally have a lower probability of producing catastrophic events, but they can 
lead to structural damage to buildings and infrastructures. The aim of this work is the vulnerability analysis of selected 
building typologies exposed to the action of permanent landslides. Different building locations on the landslide body were 
chosen, after making simplifications, and then a vulnerability analysis was carried out on each one to define intensity and 
resistance parameters. The methodology makes it possible to obtain vulnerability curves depending on the type of building 
and its position in the landslide body. The method was applied to four case studies in southwest Switzerland: Hohberg 
Landslide, Converney-Taillepied Landslide, Pont Bourquin Landslide, and La Frasse Landslide. The methodology can be 
seen as validated since the results of the four case studies are within the range of values used to construct the vulnerability 
curves. 

 

RÉSUMÉ: Les risques naturels tels que les inondations, les glissements de terrain, les laves torrentielles, les tremblements 
de terre et les incendies sont à l'origine de nombreuses catastrophes. En Suisse, de 1972 à 2021, les dommages causés par 
les inondations, les glissements de terrain, les laves torrentielles et les chutes de pierres se sont élevés à environ 300 millions 
de francs suisses par an. Le changement climatique, le développement de l'habitat et l'augmentation de l'utilisation des sols 
sont quelques-uns des principaux déclencheurs de risques naturels. Les glissements de terrain permanents ont généralement 
une probabilité plus faible de produire des événements catastrophiques, mais ils peuvent entraîner des dommages structurels 
aux bâtiments et aux infrastructures. L'objectif de ce travail est l'analyse de la vulnérabilité d'une sélection de typologies de 
bâtiments exposés à l'action de glissements de terrain permanents. Différents emplacements de bâtiments sur le glissement 
de terrain ont été choisis, en utilisant les simplifications nécessaires, puis une analyse de vulnérabilité a été réalisée pour 
chacun d'entre eux afin de définir les paramètres d'intensité et de résistance. La méthodologie développée permet d'obtenir 
des courbes de vulnérabilité en fonction du type de bâtiment considéré et de sa position dans le corps du glissement de 
terrain. La méthode a été appliquée à quatre études de cas dans le sud-ouest de la Suisse : Glissement de terrain du Hohberg, 
Glissement de terrain de Converney-Taillepied, Glissement de terrain de Pont Bourquin et Glissement de terrain de La 
Frasse. La méthodologie peut être considérée comme validée puisque les résultats des quatre études de cas se situent dans la 
fourchette des valeurs utilisées pour construire les courbes de vulnérabilité. 
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1 INTRODUCTION 

Regarding natural hazards, landslides have one of the 
highest impacts worldwide in terms of loss of life and 
damage to public or private buildings, infrastructures, 
agricultural lands and economic activities. Population 
growth, hence more buildings in at-risk areas, climate 
change and intensification of land use have only 
increased the risk in recent years. Consequently, a rise 

in the frequency and intensity of natural disasters can 
be expected in the future: melting of glaciers and 
thawing of permafrost due to climate change threatens 
to displace vast amounts of soil, rock and stone, 
seriously endangering settlements and communication 
routes downstream (Swiss Federal Institute for Forest, 
Snow and Landscape Research, WLS). This paper 
focused on developing vulnerability curves in function 
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of the location and the typology of buildings on the 
landslide and their application to La Frasse landslide 
example. 

2 METHODOLOGY 

2.1 Building parameters  

First, it is essential to consider the building locations 
in the landslide body. Four different building positions 
on the landslide body were analysed, and are:  

A. The crown  
B. The lateral edge  
C. The middle 
D. The foot  

Then, buildings were classified according to material 
and number of floors. Buildings and human lives are 
the most critical elements in landslide risk assessment. 
The literature review shows that the main buildings 
damaged by landslides can be grouped into chalets, 
residential buildings and villas. Chalets are typical 
mountain buildings used for both residential and rural 
purposes. Some of them are entirely made of timber. 
Others have the first floor built in concrete and the 
second or third (if there is one) in timber. In this study, 
the foundations are always considered to be concrete. 
On the other hand, residential buildings and villas are 
mainly located at the valley bottom, at the base of the 
slopes, or in towns, which, in the present work, are 
small mountain towns composed of several hamlets 
also located at high altitudes. They are mainly 
constructed of concrete, stone and masonry. Some of 
them are built in both masonry and concrete because, 
as case the study of Lungro (Calabria, Italy) points out, 
reinforced concrete structures do not always guarantee 
less landslide damage if they are not accompanied by 
slope stabilisation measures (Antronico, et al., 2014). 
On the contrary, if located in a landslide area with 
specific features, masonry buildings can suffer 
irrelevant and widespread damage. Table 1 shows the 
structures analysed in this study and classified by 
building material and number of floors. 
 
Table 1. Summary of structures vulnerable to landslides. 

Building Material 
Number 
of floors 

Chalet 
Timber 1 

Timber and concrete ≥ 2 

Residential 
building 

Masonry 4 

Reinforced concrete > 4 

Residential 
villa 

Masonry 2 
Concrete and masonry 3 

 

Another critical parameter is the depth of the 
building foundations. As mentioned by the study of 
Chen & al 2020, related to the physical vulnerability 
of buildings affected by slow-moving landslides, the 
length, width and foundation depth are the three most 
critical factors that affect the vulnerability. It is 
highlighted that the higher the ratio of length to width 
of the building, the more serious the damage to it. 
Likewise, the shallower the foundation, the more 
severe the damage will be. Referring to the buildings 
considered in this work, the foundation’s depth can be 
assumed to be approximately equal to: 

• Greater than 1 m for concrete-built mountain 
chalets 

• 1 m or greater than 1 m for residential villas  
• Ranging from 2 m to 10 m, to more than 10 m 

for foundations of residential buildings  

2.2 Intensity 

“Intensity is the measure of geometrical and/or 
mechanical parameters, as maximum movement 
velocity, total displacement, differential displacement 
depth or volume of the moving mass, kinetic energy 
per unit area, relate to the destructive potential of a 
landslide” (Bonnard, et al., 2003). Intensity was 
quantitatively estimated with equations adapted to the 
slow-moving landslide. Two equations were used in 
function of the location of buildings on the landslide. 
For buildings in A, B or C areas, the impact of the 
moving mass is not considered because the effect of a 
slow-moving mass is visible only at the foundation 
level with subsidence, fractures, ground uplift and 
building inclinations. In these cases, the simplified 
intensity equation proposed in this paper refers to the 
general expression defined by (Li, et al., 2010): 

 
where Idyn is the dynamic intensity factor and Idpt is the 
debris-depth factor used to evaluate structures on the 
body of a slow-moving landslide: 
 

 
with C>5∙10-1 
where C is the average velocity of the sliding mass in 
mm/s 
 

 
where Ddpt is the debris depth expressed in meters, at 
the location of the building; considering a slow-
moving landslide, the debris-depth also represents the 
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depth of the failure surface. 
For buildings in D areas, the evaluation of landslide 

intensity refers to the general expression defined by 
(Kang & Kim, 2015); intensity is expressed as the 
impact pressure that the slowly moving landslide 
applies when it strikes structural elements. 

 
where ρdf is the mean density of the material, g is the 
gravity acceleration, h is the height and v is the 
velocity of the moving mass. 

2.3 Vulnerability 

In the current and available literature, there are several 
studies that relate vulnerability and intensity to 
different parameters concerning landslides and 
buildings. These are to be considered preliminary to 
the quantitative study of landslide vulnerability as they 
must be adapted and calibrated based on actual 
landslide events or data collections from in-situ 
investigations. Research in this field is proceeding in 
this direction in order to refine the methodologies and 
make them more realistic. The present work mainly 
refers to four papers which analyse intensity and 
vulnerability (Li, et al., 2010), (Uzielli, et al., 2014)), 
(Chen, et al., 2020) (Miteva & Prina Howald, 2022). 
The vulnerability was analysed on average and is a 
function of intensity and resistance. Li’s model gives 
the analytical structure, but the resistance formulation 
is adapted to the case of slow-moving landslides. The 
model used in this study is shown below, defining 
vulnerability in the range [0,1]: 

 
Based on Li's model, the proposed resistance 

formulation considers only structural elements. It is 
meant as follows: resistance to slow landslide 
movement for cases A, B and C and impact resistance 
for case D. Resistance (R) has been replaced by 
building resistance (RB) in this work.  

In the following formulas, ξfd is the parameter 
concerning foundation depth, ξcm is the construction 
material parameter, ξbi is the parameter concerning 
building inclination, ξnf is the parameter concerning 
the number of floors, and ξms is the parameter 
concerning the maintenance state.  

The resistance index RB for cases A and C, where 
buildings are located in the crown and central part of 
the landslide, respectively, is calculated as follows: 

 
The depth of the building foundation has a more 

significant influence on the building's vulnerability to 
slow-moving landslides than the construction material 
of the section above the ground level. This last section 
is supposed to be an integral part of the building's 
resistance as it interacts with the foundations by 
undergoing deformations in relation to its construction 
material. As the score does not change from one 
building to another, this factor is worth it. Therefore, 
the weights assigned to these two factors are 2 for the 
depth of building foundation (ξfd) and 1 for the 
construction material (ξcm). Table 2 shows the failure 
surface depth ranges considered in this study. 
 
Table 2. Failure surface depth ranges. 

Depth of the failure surface[m] 
1.5 to 2 
2 to 5 

5 to 30 
>30 

 
For each failure surface depth range, a score is 

assigned to the factor concerning the depth of the 
building foundation. This depends on the foundation 
depth compared to that of the sliding plane. It will be 
the greater the shallower the foundation depth 
compared to that of the failure surface. This procedure 
is performed for all building materials considered, 
whose score is shown in Table 3. These scores were 
given on the basis of the tensile strength of the 
material. 
 
Table 3. Scores relating to the type of building construction 

material (tensile strength). 

Building Material Score 

Chalet 
Timber 0.6 

Timber and concrete 0.4 

Residential 
building 

Masonry 0.2 

Reinforced concrete 0.6 

Residential 
villa 

Masonry 0.2 
Concrete and masonry 0.3 

 
The resistance index RB for case B where buildings 

are located on the lateral edge of the landslide body, is 
calculated with: 
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The parameters will be weighted according to their 
influence on the building's resistance capacity. The 
construction material has a greater influence on the 
building's vulnerability to slow-moving landslides 
than the building inclination and number of floors. 
Therefore, the weights assigned to these three factors 
are 3 for the construction material (ξfd), 2 for the 
building inclination (ξbi) and 1 for the number of floors 
(ξnf). Concerning the construction material parameter, 
scores assigned according to the type of buildings are 
the same used in cases A and C previously analyzed. 
ξbi is a parameter identifying the building inclination 
due to the structure's rotation at the boundary between 
the landslide body and the stable slope. According to 
the ‘Code of Deformation Measurement of Building 
and Structure’ it is possible to calculate the inclination 
of a building as follows: 

 
where i is the inclination of a building, α is the incline 
angle of the building, ym is the horizontal difference 
between the top and the bottom, and H is the vertical 
height of the tilted building calculated from the ground 
level.  

Scores about building inclination are assigned 
based on threshold values provided by ‘The Ministry 
of Housing and Urban-Rural Development of PRC, 
2016’. Buildings with an inclination that exceeds the 
threshold values are considered dangerous and 
uninhabitable (Chen, et al., 2020). The present work 
proposes three inclination classes from very low to 
very high, shown in Table 4 
 
Table 4. Scores relating to the building inclination. 

Height [m] Threshold value 
[im] 

Classes Score 

H≤24 0.01 very low 
medium 

very high 

1.2 
24≤H≤60 0.007 0.7 

60≤H≤100 0.005 0.1 
Where : i<50%(im) →very low 
  50%(im)<i<100%(im) →medium 
  i>100%(im) →very high 
 

Table 5 shows the scores provided by Li 
concerning the indicator of the number of 
floors/height. Four different ranges were 
distinguished. 
 
Table 5. Scores relating to the number of floors/heights. 

Number of floors Score 
1 0.1 
2 0.3 

3 to 4 0.9 
More than 4 1.1 

The resistance index RB for case D where buildings 
are located at the toe of the slope, is calculated with: 

 
The construction material significantly influences 

the building's vulnerability to slow-moving landslides 
more than the number of floors and the maintenance 
state, respectively. Therefore, the weights assigned to 
these three factors are 3 for the construction material 
(ξfd), 2 for the number of floors (ξnf) and 1 for the 
maintenance state (ξms). The score assigned to the 
construction material, according to the building 
considered, can be seen in Table 6. Li's model is 
adopted for the attribution of this score by adapting it 
to the case of a moving mass hitting a structure with a 
certain pressure. These scores were given on the basis 
of the compressive strength of the material. 
 
Table 6. Scores relating to the type of building construction 

material (compressive strength). 

Building Material Score 

Chalet 
Timber 0.2 

Timber and concrete 0.6 

Residential 
building 

Masonry 0.8 

Reinforced concrete 1.5 

Residential 
villa 

Masonry 0.8 
Concrete and masonry 1.2 

 
Concerning the indicator 'number of floors/height', 

the subdivision into four classes is the same as in case 
B. 

The maintenance state describes the change in the 
building's performance; it is expressed in 5 classes 
from very poor to very good (Table 7), following the 
classification proposed by Li, et al. 
 
Table 7. Scores relating to the maintenance state. 

Maintenance state Score 
Very poor 0.1 

Poor 0.4 
Medium 0.8 

Good 1.2 
Very good 1.5 

2.4 Results 

Vulnerability curves were developed for each type of 
vulnerable structure in the four positions chosen in the 
landslide with the formulas presented above. Figure 1 
shows an example of a vulnerability curve. The legend 
of each curve follows this scheme: Building Type _ 
Foundation Depth _ Material. 
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Figure 1. Vulnerability curves for case C when the depth of 

the sliding surface is between 5 and 30 meters. 

3 APPLICATION  

The methodology was applied to La Frasse's landslide, 
located in the Prealps (Vallée des Ormonts) of the 
Canton Vaud, Switzerland. La Frasse landslide is a 
huge slide with the toe continuously eroded by the 
Grande-Eau River. The most active part is the foot of 
the landslide crossed by the national road RC 705. The 
total landslide area exceeds 1 km2 with a length of 
approximately 2000 m oriented NW to SE and a width 
varying between 500 m in the landslide crown and 
1000 m at the toe of the landslide body. Although the 
total volume of the landslide is approximately 73 
million m3, the volume of the active mass is 42 million 
m3 because some portions have been stabilised. The 
depth of the unstable mass varies between 40 and 80 
m, although the depth of the entire landslide reaches 
110 m in the central part. The slope has an inclination 
of 11° in the upper part, reaching 20° in the lower part 
of the landslide. Concerning velocity, the landslide 
body could be divided into five main portions shown 
in Figure 2: Grand Glissement Supérieur, Lobe Sépey, 
Lobe Aigle, zone+ and zone ++ (Matti, Tacher et 
Commend 2012). 
 

 
Figure 2. Location of La Frasse Landslide with subdivision 

in 5 main portions (Matti, Tacher et Commend 2012). 

 
The activity of the La Frasse landslide dates back 

to 1863 with several reactivation phenomena, 
especially in the lower part, which occurred in 1910, 
1914, 1966, 1981-1982 and 1993-1994. The long-term 
velocity in the upper and central part of the landslide 
is not affected by these reactivation events, constantly 
varying between 10 to 15 cm/year. In the lower part, 
however, it varies between 20 and 60 cm/year, with the 
maximum velocity reaching 1 m/week. Monitoring 
measures such as anchored piles or local pumping 
platforms, including drainage boreholes, decreased the 
movement velocity from 60 to 2.4 cm/year. The 
landslide's global behaviour is not yet wholly secure as 
near the Cergnat hamlet, and the landslide has been 
sliding at an average rate of about 13 cm/year for the 
past 200 years. 

The methodology was applied to case C (central 
part of the landslide). Table 8 shows the data used for 
the application. 
 
Table 8. Data used in the methodology application for case 

C, landslide central part. 

Building Height [m] 
Velocity 

[cm/year] 

Timber chalet 
 

10 
40 

Timber & 
concrete chalet 

13 
50 

Masonry & 
concrete villa 

20 
80 

Masonry villa 60 
 

 
The graph concerning case C, with indicators 

implemented based on the obtained data from the 
analysis of this case study, is shown in Figure 3. 
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Figure 3. Vulnerability curves and indicators obtained for 

case C when the depth of the sliding surface is higher than 

30 meters. 

 
Since the central part of the landslide body is 

located in a mountainous area, the buildings 
considered are timber and concrete-timber chalets, 
masonry and concrete-masonry villas. In this case, the 
velocities used to calculate the indicators' vulnerability 
are relatively low, with a maximum of 60 cm/year. At 
the same time, the thickness of the landslide body is 
very high, reaching 80 m concerning the deepest 
sliding plane. The red square has a vulnerability value 
equal to 1 because, despite the failure surface being 
very deep, masonry is the least resistant material to 
tensile stress compared to concrete and wood. 
Compared to the red squares, the grey indicators have 
a considerably lower vulnerability calculated by 
referring to the higher strength parameters of timber 
and concrete. In addition, the high depth of the 
landslide body, relative to the deepest failure surface, 
and a velocity of more than 1 metre per year give a 
vulnerability of 1 for masonry buildings (material with 
the lowest tensile strength of those considered). 

4 CONCLUSIONS 

Construction in areas affected by more or less 
stabilised and ancient landslides, or in geologically 
sensitive sites where stability is a key issue, can lead 
to situations whose severity is difficult to predict. A 
minor environmental impact, such as overburdening or 

rainfall, can cause greater damage due to density, 
value of buildings and structures exposed, and extent 
that a small landslide can reach beyond its initial 
limits. The development of practical methods that 
consider slope instabilities and their evolution factors 
in the local planning of risk zones has to be considered. 
This work may open new perspectives to help spatial 
planning authorities select the most suitable areas for 
urbanisation. Furthermore, slope instability specialists 
should be required in the procedures for obtaining and 
granting building permits; this would be useful for 
both builders and local authorities to avoid building in 
geologically critical areas. 
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