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4. Stability analyses 
A slope is understood to be a portion of a natural hillside the original profile of which has 
been modified in a manner of relevance for its stability.  
A slide is considered to be a state of instability that affects natural hillsides and involve 
considerable volumes of earth. 
Stability analysis of the infinite slope model consists in analysis of the ratio between driving 
and resisting forces of slope movement.  
The ratio value is called safety factor and it is an important instrument to know the state of 
activity of a slope and defines three different situations for the slope: 
 
F > 1, slope is stable and there aren’t movements; 

F = 1, slope is in limit condition to stability; 

F < 1, slope is unstable and it is moving. 
 
Conventional limit equilibrium methods use a factor of safety to compute slope stability and 
for this reason stability analysis consists in estimation of the same factor for all studied 
landslides and his course in time. 
The limit equilibrium method consists in the study of the equilibrium between a rigid body, 
such as the slope, and of a slide surface of any shape (straight line, arc of a circle, logarithmic 
spiral). 
Consideration of the field equations and of the boundary conditions are necessary to estimate 
safety factor. The first refer to equilibrium the others describe the ground behaviour. Such 
equations become particularly complex as much as terrains are multiphase systems. 
In the majority of cases one is in the condition of having to treat material which even if 
saturated is biphase, and this renders the treatment of equilibrium equations particularly 
complex. 
Moreover it is practically impossible to define constitutive rules of general validity because 
much terrains behave non linearly even at small deformations, are anisotropic, and their 
behaviour depends not only on deviatory forces but also on normal ones. Due to these 
difficulties it is the practice to introduce simplifying hypotheses: 

Simplified constitutive rules are introduced (rigid model, perfectly plastic); it is assumed that 
the material's resistance be solely expressed by the parameters: cohesion and angle of 
resistance to shear, ground constants and characteristics of the plastic state. Thereafter Mohr-
Coulomb's criteria of breakage is considered valid. 

 
This analysis will be made by using stability programs as SLOPE of GeoStudio regarding the 
real slip surface occurred and in infinite slope hypothesis regarding a linear plane parallel to 
ground surface of infinite length.  
Hence, subsequently will be proposed stability analysis for Orvieto and Fosso San Martino 
phenomena and for Vallcebre landslides: about the two Italian sites it will be possible shown 
results of analysis related to SLOPE program and infinite slope method; for the Spanish site 
only results of infinite slope are planned because there were not possibility of implementing 
data in SLOPE model.  
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4.1. SLOPE program’s results  
SLOPE of GeoStudio is based on Morgenstern-Price method (Morgenstern and Price 1965).  
It is the most popular among limit equilibrium methods because it satisfies complete the 
equilibrium conditions, involves the least numerical difficulties and relates non-circular shape 
of slip surfaces. 
Within this method the volume affected by slide is subdivided into a convenient number of 
slices and the basic assumption underlying the Morgenstern-Price method is that the ratio of 
normal to shear interslice forces across the sliding mass is represented by an interslice force 
function (product of a specified function f(x) and an unknown scaling factor l).  
According to the vertical and force equilibrium conditions for individual slices and the 
moment equilibrium condition for the whole sliding mass, two equilibrium equations are 
derived involving the two unknowns the factor of safety F and the scaling factor l, thereby 
rendering the problem determinate.  
Unfortunately, solving for F and l is very complex since the equilibrium equations are highly 
nonlinear and in rather complicated form.  
Some sophisticated iterative procedures have been developed for such purposes. Although 
these procedures can give converged solutions to F and l, they are not easily accessible to 
general geotechnical designers who have to rely on commercial packages as a black box. 
Subsequently Orvieto and Fosso San Martino landslides are proposed in SLOPE stability 
analysis. First of all slip surfaces are proposed regarding Orvieto landslide: this landslide is 
characterized by two slip surfaces: 
 
 
 

 
Figure 58: Big slip surface and point in OR borehole in which safety factor has been calculated in SLOPE. 

the big sliding surface has a dip of 17° in proximity to the slide scarp and flattens downhill to 
some 8°, intersecting the ground surface a few metres above the Paglia River plain, where the 
1900 Porta Cassia slip surface was found to emerge. 
 
 

 

 
Figure 59: Small slip surface used in next paragraph drawing in SLOPE. 
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Inclinometers O4 indicate that the lower part of the slope is continuously displacing along the 
smaller slip surface in figure 59, towards a direction that virtually coincides with the local dip 
direction of the slope. Displacements occur along a very gently dipping slip surface (9°), 
which implies the mobilization of the residual strength. At the foot of the slope, this slip 
surface coincides with that of the deeper movement. This second sliding surface is considered 
in analysis proposed in next paragraph. 
 
In SLOPE of GeoStudio, Morgenstern-Price method has been used to calculate safety factor 
in the period of time in which pore water pressure taking into account results from SEEP 
modelling is available. In limit equilibrium method residual strength parameters are imposed 
and all geometric characteristics before shown are considered. 
As you can see in figure 60, F is always lower than critical value of collapse for the slope: 
  

 
Figure 60: Course of F in FEM model releting Orvieto landslide. 

For this reason slope is under instability condition and movements are recorded from 
inclinometers: hence the presence of other physical component steered movements is 
suspected.  
 
About Fosso San Martino landslide, it is worth noting that the available inclinometric data 
indicate the lack of significant deformations within the upper colluvial cover, which 
essentially moves as a rigid body over the underlying bedrock with displacements 
concentrated within the 3–5m thick weathered layer. Sliding surface was indicate in this layer. 
Slope equilibrium conditions governed by the residual shear strength values imply the 
presence of a pre existing slip surface or at least of a soil band of limited thickness within 
which, because of large long – lasting deformations, strength is reduced to values near the 
residual one. This condition is in agreement whit the slope morphological evolution that 
suggests the permanence of present conditions for long times. 
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Figure 61: Real slip surface in Fosso San Martino in SLOPE and point in which stability analysis has been 
made. 

The results of the time-dependent stability analysis show that the average factor of safety is 
quite far from the limit equilibrium value (F=1) and that the factor of safety does not vary 
significantly with time. This is due to the relatively small variation with time of the pore 
water pressures along the slip surface, consistently with the piezometric measures which do 
not show significant differences between the maximum and minimum water levels.  
 

 

Figure 62: Course of F in FEM model relating Fosso San Martino landslide. 

Yet, given that non-negligible intermittent movements are recorded along the slip surface, it is 
assumed that even small pressure variations along the slip surface, and consequently small 
changes of factor of safety, can be sufficient to mobilise the landslide (Calvello, Cascini, 
2006).  
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The same analysis regarding safety factor is proposed in next paragraph by using infinite 
slope method. 

 

4.2. Infinite slope method’s results 
The infinite slope model generally relies on several simplifying assumptions which may cause 
some limitation to its application. It belongs to limit equilibrium methods but is easiest.  
In fact it assumes that: 
• failure is the result of translational sliding; 
• the failure is plane and water table parallel the ground surface; 
• the failure plane is of infinite length;  
• failure occurs at a single layer. 
It also does not account for the impact of adjacent factors like upslope development or 
downslope modifications of the hillslope or accentuating factors such as ground vibrations or 
acceleration due to earthquakes. 
The aim of this method is that the factor of safety is usually defined in applications, as the 
ratio of the available shear strength (τf) to the shear stress (τ), which is necessary to maintain 
limit equilibrium on a potential sliding surface.  

  
Figure 63: Scheme of infinite slope. 

Using the Mohr–Coulomb failure criterium the shear strength (kPa) of a slope can be 
expressed as: 

'tan)(' ϕστ ⋅−+= ucf  
 
where c′ is effective soil cohesion (kPa), σ is the total normal stress (kPa), u is the pore water 
pressure (kPa) and ′ is the effective angle of soil internal friction. The shear stress, i.e. 
downslope component of gravity and the other component of weight can be represented as: 

ααγτ cos⋅⋅⋅= senl  and 2cosαγσ ⋅⋅= l  
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where γ is the total unit weight of the sliding material (kN/m3), l is the depth of the failure 
plane (m) and α is the slope angle (°).  

After substituting the formula for shear strength and stress, the factor of safety equals: 

2cos
'tan)('

αγ
ϕσ

⋅⋅
⋅−+

=
l
ucF  

It follows that if shear strength is greater than shear stress, then F > 1 and the slope may be 
considered stable; if shear strength is less than shear stress, F < 1 and the slope may be 
considered unstable. For F = 1, the slope would be considered in a balanced state, but 
inherently unstable. In cases where F ≤ 1 the potential for failure is high and mitigation would 
be warranted. 
In Orvieto case, results in infinite slope hypothesis confirm SLOPE solutions in fact F is 
always lower than F=1, a critical value of collapse for the slope, as you can see in figure 64:   

 

 
Figure 64: Course of safety factor within the hypothesis of infinite slope in Orvieto landslide. 

 
In Fosso San Martino analysis, results are not in agreement with previous model in fact in this 
case, F is always lower than 1. Explanations at what happens are to be searched in two 
considerations: 

• within infinite slope hypothesis is not admitted that safety factor is bigger than critical 
value of collapse: limit equilibrium stability analysis should only be applied to 
determine the factor of safety of a slope in the phase immediately preceding the 
movement (F=1) while a different kind of analysis should be used in successive phase 
(F>1) (Angeli, Gasparetto et al.,1996); 
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• infinite slope model is not representative for Fosso San Martino sliding surface: 
simplifying assumptions on which the method is based are too strong and not 
reproducing the real morphology of the zone. It may cause some limitation to infinite 
slope  application; this aspect will be confirmed subsequently in visco plastic models. 

 
Figure 65: Course of safety factor within the hypothesis of infinite slope in Fosso San Martino landslide. 

In Vallcebre landslide stability analysis has been conducted in infinite slope hypothesis 
starting from the evidenced point along borehole S2 in the lower units of landslide: 

 

Figure 66: Point in which infinite slope model has been applied. Corominas, J., Moya, J., Ledesma, A.,Lloret, 
A., Gili, J.A.(2007). Prediction of ground displacements and velocities from groundwater level changes at the 
Vallcebre landsilde. 

The slip surface considered in computations is based on information provided by 
inclinometers assuming that infinite slope failure plane is parallel to the ground surface and it 
has infinite length. A flow parallel to the slope surface was assumed to compute pore water 
pressures from water table depth. Finally, a direct relation between water table position and 
global factor of safety is defined. The factor of safety is determined for residual strength 
parameters and measurements of water table positions. 
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These results show that in some particular cases, the global factor of safety is close to unity. 
This explains the activity of the landslide, i.e. small changes in stresses or pore water 
pressures produce a significant decrease in factor of safety and therefore a change in 
movement rate. 
 
 

 
Figure 67: Course of safety factor within the hypothesis of infinite slope in Vallcebre landslide. 

From Corominas et al., 2005, stability analysis has been made for all units of landslide and 
the computed factors of safety show that the lower unit of the landslide is less stable than the 
intermediate one.  
These results also agree with the field measurements, which show higher velocities for the 
lower part. In fact, it is assumed that movement starts on the lower unit, which has a factor of 
safety close to 1, and then a tension area and some cracks develop at the head scarp of this 
unit, which is actually the toe of the medium part of the landslide. This movement of the 
lower unit generates, after some days, a movement increase on the intermediate part as well. 
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4.3. Sensitivity analysis 

Geomorphological research related to stability of landslides often considers morphological 
attributes and climatic variables but material properties are generally neglected. Instead it is 
necessary to focus on the material properties and their relation to slope processes.  
The importance of material properties on slope stability should be further explored by 
performing sensitivity analyses of materials under similar environmental conditions and by 
adequate field and laboratory testing. The results of the sensitivity analysis indicated that 
material properties play a significant role in controlling slope processes and that the slope 
angle should not be considered as the only parameter to define instability. 
By evaluating a sensitivity analysis of the factor of safety to variables in stability slope model, 
you will better understand the importance of accurate parameter estimation as well as the their 
significance. 
In this paragraph, sensitivity analysis is conducted relating to Orvieto and Fosso San Martino 
landslides by using stability program SLOPE of GeoStudio. 
In order to perform this study, a back analysis of an observed shallow landslide was carried 
out relating to the real slip surface. It means that, regarding real sliding surface imposed in the 
SLOPE program, safety factors are imposed equal to critical value 1 and strength parameters 
occurred were estimated.   
All geometrical and mechanical parameters are constants except couple c’ and φ’ that are the 
subject of this analysis: sensitivity analysis requires a realistic range of values of each variable 
and in this study this range is composed by all strength couples occurred when F=1 obtained 
by means of back analysis. Each input variable must be modified over its range of values, 
keeping the other variables constant. Following this approach you seek a combination of 
variables yielding a factor of safety of unity.  
The back analysis happens fixing a step of time and pore water pressure at the same time. 
Both for Orvieto and Fosso San Martino characteristic steps of time have been considered 
and, fixing them, back analyses have been conducted. 
 
 

4.3.1. Back–analysis along Orvieto sliding surfaces 
About Orvieto landslides  it is possible to distinguish two different slip surfaces: the bigger 
one in which boreholes OR, OV and O4 fall on and the smaller one in which only borehole 
O4 is involved. One could perform sensitivity analysis for each borehole involved in the first 
sliding surface and obtain the value of strength parameters in the moment of the failure but 
these parameters are characteristics of soils and relating the slip surface: for this reason one 
will propose a sensitivity analysis related only borehole OR fallen on the bigger surface and 
others related O4 involved in the smaller one. 
By analyzing oscillations of groundwater levels one can distinguish significant steps of time 
in which back analysis starts.  
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From previous studies course of total head has been proposed and steps of time in which 
peacks occur are in next graph underlined: 

 
Figure 68: Picks of maximum and minimum value of total head regarding the upper and the others 

points of borehole OR. 

Peacks of maximum total head for the shallow and lower points occur in different instant of 
time;  peacks of minimum too. The goal of this analysis is to demonstrate that for different 
steps of time, strength parameters at failure are the same because they are related to the 
sliding surface. 
Back – analysis has been conducted for all these steps relating the bigger slip surface: in 
SLOPE of GeoStudio safety factor has been imposed 1 and friction angles have been 
determinate a changing cohesion values (keeping the other variables constant) between a 
range: 

[ ]kPakPac 50;0'∈  
Hence, regarding the course of total head of the shallow point of borehole OR (red line): 
 

Table 1: Results of back analysis related node 596 (shallow point of borehole OR). 

  TH maximum            
(03 January 1997)   

TH minimum             
(24 October 1997) 

c' φ' F   c' φ' F 
[Kpa] [°] [-]   [Kpa] [°] [-] 

0 15,3 1,003   0 13,4 1 
5 13,7 0,997   5 12,1 1,003 
10 12,2 1   10 10,7 1 
15 10,7 1,003   15 9,3 0,998 
20 9,1 1,001   20 7,9 0,997 
25 7,5 1,001   25 6,6 1,003 
30 5,9 1   30 5,2 1,003 

03 January 1997 

24 October 1997 

24 January 1997 

31 October 1997 
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35 4,3 1   35 3,7 0,997 
40 2,7 1,001   40 2,3 0,997 
45 1,1 1,003   45 0,94 1,001 
48 0 0,995   48 0 0,995 

 
Figure 69: Linear develop of cohesion – fiction angle for upper node in OR. 

Then, regarding the course of total head of the others points of borehole OR (green line): 
 

Table 2: Results of back analysis related others points of borehole OR. 

  TH maximum            
(24 January 1997)   

TH minimum             
(31 October 1997) 

c' φ' F   c' φ' F 
[Kpa] [°] [-]   [Kpa] [°] [-] 

0 15,2 1,003   0 13,4 0,998 
5 13,7 1,003   5 12,1 1,001 
10 12,1 0,998   10 10,7 0,998 
15 10,6 1,001   15 9,3 0,996 
20 9 0,999   20 8 1,003 
25 7,4 0,997   25 6,6 1,002 
30 5,9 1,002   30 5,2 1,003 
35 4,3 1,002   35 3,7 0,996 
40 2,7 1,002   40 2,3 0,996 
45 1 1,997   45 0,94 1,001 
48 0 0,995   48 0 0,995 

 

In this way it has been demontrated that sensitivity lines are representative of a sliding surface 
in fact for each point of a borehole (i.e. at differents depths) and for different boreholes of the 
same slip surface (results of this last analysis are not reported in subsequent pages), sensitivity 
lines are the same. 
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Figure 70: Linear develop of cohesion – fiction angle some nodes in OR. 

Finally, sensitivity lines representative of the bigger slip surface are proposed, noting that 
condition of TH minimum happens when ground water level is lower in depth: in this case, as 
expected, strength parameters are so small because, in a physical sense, when in soil there is a 
low pressure, resistence at sliding is not very high; instead, TH maximum implies that ground 
water table is superficial and a soil needs big parameters to resist the sliding : 
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Figure 71: Linear develop of cohesion – fiction angle representative of the bigger sliding surface in 
Orvieto site. 

The graph shows a linear relation between friction angle and cohesion. It could be interpreted 
as a threshold: in fact sensitivity lines are calculated imposing safety factor equal to 1 
(collapse value). In this way, two different areas are distinguished because all points below 
the “F=1 line” correspond to safety factor smaller than collapse value and it means that the 
slope, with those parameters, slides. Otherwise, all points above the line are related at F>1 
and representative of stability pairs of strength parameters. 
 
The same modus operandi has been applied at the second slip surface characterized by 
borehole O4. Peaks happenn in 28 November 1997 corresponding to TH maximum and 24 
October 1997 corresponding to TH minimum: hits the highest point of different depths along 
the same borehole O4 considered are in line and so, only these two steps of times are studied. 
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Figure 72: Maximum and minimum value of total head regarding the upper and the others points of 

borehole O4. 

 
Back – analysis has been conducted for these steps relating the smaller slip surface: in SLOPE 
of GeoStudio safety factor has been imposed 1 and friction angles have been determined 
changing cohesion values (keeping the other variables constant) between a range: 
 

[ ]kPakPac 50;0'∈  
 
 

 

 

Table 3: Results of back analysis related points of borehole O4. 

  TH maximum            
(28 November 1997)   

TH minimum             
(24 October 1997) 

c' φ' F   c' φ' F 
[Kpa] [°] [-]   [Kpa] [°] [-] 

0 36 0,998   0 18,3 0,999 
5 33,2 0,998   5 15,2 0,998 
10 30 0,997   10 12,1 0,998 
15 27,1 0,998   15 9 0,998 

28 November 1997 

24 October 1997 
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20 24,2 1,001   20 6,7 1,002 
25 21 1,003   25 3,5 1,003 
30 17,1 1,002   30 0 1,002 
35 13,1 1,001      
40 9 1      
45 5,2 1,001      
50 0 0,997      

 

 
Figure 73: Linear develop of cohesion – fiction angle representative of the smaller sliding surface 

in Orvieto site. 
 

Indeed, there are so many differences between strength parameters when ground water level  
is maximum or minimum: in this second case maximum value of cohesion range is 30kPa and 
so friction angles required are smaller.  
Also in this graph it is possible to distinguish couples of strength parameters in which safety 
factor is major or minor than critical value of collapse. 

 

4.3.2. Back–analysis along Fosso San Martino sliding 
surfaces 

In Fosso San Martino analysis, relating course of pore water pressure in time, not any 
significant peak has been found and for this reason significant steps of time, in which back 
analysis starts, cannot be considered as before explained.  
On the other hand significant steps of time are necessary to sensitivity analysis; in this case, 
six important steps have been found in velocities graph and in course of safety factor. 
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Considering velocities, significant steps have been found in instants in which movement 
stopped (25 May 1981) and in which it started (12 September 1983): 

 
Figure 74: Significant steps of time in Fosso San Martino landslide derived from velocity course. 

 

Some other points are considered regarding course of safety factor: in particular the attention 
has been focus on times in which F was in a maximum value and immediately there was a 
decreasing of the same factor. This situation happens in two periods: first of all in 13 August 
1980 with F=1.19 and some months later, in 11 November 1980 F decreases at value of 1.161. 
Secondary, other situation happens in 13 April 1983 in which F=1.194 as a peack and a month 
later, 15 May 1983 F=1.151. 
These points are underlined in next illustration: 

12 September 1983 

25 May 1981 
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Figure 75: Significant steps of time in Fosso San Martino landslide derived from safety factor course. 

Back – analysis has been conducted for these steps: in SLOPE of GeoStudio safety factor has 
been imposed 1 and friction angles have been determined changing cohesion values (keeping 
the other variables constant) between a range: 
 

[ ]kPakPac 50;0'∈  
 

For the six proposed steps of time, results of back analysis are the same. Confirming that an 
“F=1 sensitivity line” is representative of slip surface, it has been demonstrated anyway that 
for different steps of time and for any depth, the curve is always the same. 
In subsequent figure is shown a zoom of the red window in order to underline that some 
differences are present in friction angles results, but they are so small that could be neglected. 
 
Sensitivity line divide the graph in two areas : the area under the line is representative of 
instability strength parameters instead all region over the line represents the stability pairs of 
cohesion and friction angle. 

 
 
 
 
 
 
 
 

15 May 1983 

13 August 1980 13 April 1983 

11 November 1980 
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Table 4: Results of back analysis related Fosso San Martino sliding surface. 

Date 
13-ago-

80 11-nov-80 25-mag-81 15-apr-83 15-mag-83 12-set-83 
c' φ' φ' φ' φ' φ' φ' 

[Kpa] [°] [°] [°] [°] [°] [°] 
0 14,5 14,7 14,5 14,6 14,7 14,8 
5 13,3 13,5 13,3 13,4 13,5 13,6 
10 12,1 12,3 12,1 12,2 12,3 12,4 
15 10,9 11,1 10,9 11 11,1 11,1 
20 9,7 9,9 9,7 9,8 9,9 9,9 
25 8,5 8,6 8,5 8,6 8,6 8,7 
30 7,3 7,4 7,3 7,3 7,4 7,4 
35 6 6,1 6 6,1 6,1 6,1 
40 4,8 4,9 4,8 4,8 4,9 4,9 
45 3,5 3,6 3,5 3,6 3,6 3,6 
50 2,3 2,3 2,3 2,3 2,3 2,3 
55 0,9 0,9 0,9 0,9 0,9 0,9 
60 0 0 0 0 0 0 

 

 

 

 

Figure 76: Linear develop of cohesion – fiction angle representative of the sliding surface in 
Fosso San Martino. 

 

 



CHAPTER 4                                                                                   
Stability analyses 

 

72 
 

 

 

4.3.3. Results of sensitivity analysis in both analyzed 
cases 

 
The procedure pursuit in previous paragraphs allows to obtain some couples of strength 
parameters leading to a critical value of safety factor, fixing a step of time.  
Next, a working safety factor must be calculated by using the characteristic value of a pair of 
variables and not considering all couples characterized by F=1: it is necessary a selection. 
 
Orvieto’s selection. In the first case it is possible to get a correlation between the “F=1  
sensitivity line” representative of both sliding surfaces considered in Orvieto landslide. 
First of all it is necessary to focus on each step in which back analysis has been conducted 
already. The “F=1 sensitivity lines” are calculated for the big and the small sliding surface in 
each step of time: only in this way it is possible to operate a comparison between the two 
sliding surfaces. 
Indeed four possible combination are verified (4 combination because there are two steps for 
the big slip surface and two others for the second one): in 24 January 1997 and in 28 
November 1997 there is not any intersection between the two lines; in 24 October 1997 an 
intersection is shown in a significant pair c’=14 kPa and φ'=9.6°: 
 
 
 
 
 
 

c’ =14 
kPa 

φ’ =9.6° 
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Figure 77: Intersection in 24 October 1997 for sensitivity line of both slip surfaces. 

 
In 31 October 1997 two slip surface lines have an intersection in a significant couple c’=17 
kPa and φ=8.8°: 
 
 
 
 
 

c’ =17 
kPa 

φ’ =8.8° 
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Figure 78: Intersection in 31 October 1997 for sensitivity line of both slip surfaces. 

 
It is important to consider a couple with low cohesion different from residual cohesion (c’=5 
kPa and φ=12.1°) in which it will attain F=1 in the big slip surface because this couple is a 
point of critical line and F<1 for the small slip surface because this couple falls in the area 
under the critical lines.  
 
 
 
 
 
An analysis about the course of safety factor has been carried out within these three couples. 
For the first slip surface cohesion and friction angle have been fixed and safety factor has 
been calculated in a range of time from February 1996 to April 1998. F is always lower than 1 
and only in a peak you have the equality.  The same analysis has been conducted for the small 
surface: also in this case F is always lower than 1 and with the couple c’=5 kPa - φ=12.1° is 
never equal to zero.  

c’ =5 
kPa 

φ’ =12.1° 
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Figure 79: Results of sensitivity analysis for the bigger surface in Orvieto site. 
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Figure 80: Results of sensitivity analysis for the smaller surface in Orvieto site. 

Fosso San Martino’s selection. In this case it is not possible to get a correlation because from 
back analysis several couples are pulled off with F=1 and anyone has more significant 
importance; for this reason, two couples have been considered from back analysis chosen for 
their extremely physical sense (one with high but possible cohesion (c’=30 kPa and φ=7.3°) 
and the other with low cohesion different from residual condition (c’=15 kPa and φ=11°)): 
 
c' [kPa]= 0 ; φ' [°]= 17  RESIDUAL CONDITION   
c' [kPa]= 0 ; φ' [°]= 15  LOWER THAN RESIDUAL CONDITION 
c' [kPa]= 0 ; φ' [°]= 19  BIGGER THAN RESIDUAL CONDITIONS 
c' [kPa]= 15 ; φ' [°]= 11  DERIVED FROM BACK ANALYSIS 
c' [kPa]= 30 ; φ' [°]= 7,3  DERIVED FROM BACK ANALYSIS 

 
Another couple is conformed with residual condition and other two are taken imposing the 
same residual cohesion (equal a zero kPa) but friction angles in a case smaller than residual 
friction angle (c’ =0 kPa and φ=15°) and in the other lower than its (c’ =0 kPa and φ=19°). 
The course of safety factors has been observed: 

− in all these cases safety factor is bigger than collapse value; 
− the same change occurs and the difference between different couples consists in 

translation in magnitude of F: it means that cohesion has got an important influence in 
stability conditions of the slope.  
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Figure 81: Results of sensitivity analysis for the smaller surface in Fosso San Martino site. 

 
 
In the literature it has been performed the sensitivity analysis under conditions of initial 
instability and with a factor of safety equals to 1 as a function of strength parameters of 
cohesion c’ and friction angle φ’. It could be noted that the factor of safety is most sensitive to 
soil parameters, in particular cohesion (mechanical parameter) and slope angle (geometrical 
characteristic). The angle of internal friction, the unit weight of soil and the changes of the 
water table were less sensitive parameters.  
The sensitivity analysis suggests that cohesion is the most critical factor of slope stability. As 
cohesion decreases, so does the stability. This illustrates the influence of weathering on long-
term hillslope stability, as weathering reduces the cohesive component of the soil shear 
resistance. The factor of safety was moderately sensitive to the angle of internal friction. 
However, in terms of strength properties, the angle of internal friction is related to cohesion. 
As expected, the stability of the slope is increased as the water table is lowered because pore 
water pressure value is the only time – depending variable. The effect is greater for soils with 
low cohesion than for those with high cohesion. 
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