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SETTLEMENTS OF SAND CAUSED BY VERTICAL VIBRATIONS:  
EXPERIMENTAL VERSUS NUMERICAL RESULTS 

Glenda ABATE 1, Maria Rossella MASSIMINO2, Michele MAUGERI3 

ABSTRACT 
 

Soil vibrations transmitted to surrounding structures is inevitable, because of construction and 

maintenance of buildings and roads, normal traffic activity, machine-induced vibrations, ocean waves and 

earthquakes. In some cases these soil vibrations can produce foundation settlements not allowable for 

many structures; their evaluation have to be an important aspect of structure design. 

This paper focuses on sand deposit vibrations induced by vibro-driving of piles, which are widely used in 

several conditions. Sand deposit vibration is a complex phenomenon, in which many parameters play an 

important role: amplitude, frequency and number of cycles of the vibration, vibration source, distance 

from the source, soil properties and stress-strain state of the involved soil. 

The paper presents the results of the monitoring of soil vibrations induced by the vibro-driving of piles, 

recently carried out in Sicily. More precisely, these piles are part of an under construction pile group for 

the enlargement of two quays of the Messina (Sicily) seaport.  

The experimental results are compared with those obtained applying two easy-to-use methods reported in 

the geotechnical literature, as well as with the numerical ones obtained using a FEM code. Interesting 

results are obtained about vibro-driving effects and their possible prediction approaches. 

 

Keywords: piles, vibro-driving, settlements, experimental monitoring, FEM modeling. 
 

 

INTRODUCTION 
 

The vibro-driving of any rigid vertical element in loose soils can cause significant settlements on the 

ground surface, above all due to the repeatability of the vibro-driving works. In order to study these 

phenomena, many parameters have to be analyzed: amplitude, frequency and number of cycles of the 

vibration, vibration source, distance from the source, soil properties and stress-strain state of the involved 

soil. 

Frequently, the evaluation of settlements on ground surface due to vibro-driving of piles or metallic pipes 

or vertical elements is performed by means of procedures which were developed for the estimation of 

settlements due to a seismic event. Nevertheless, a seismic input is much different from the cyclic actions 

that characterize a vibro-driving process; in fact the accelerations, the frequency content, the duration of 

the two types of actions are very different, as well as the relative significant peaks; moreover, the 

involved soil volumes are different. 
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The aim of the present paper is the estimation of settlements caused by vibro-driving of metallic pipes for 

the construction of piles, and so methods for the evaluation of these settlements will be applied 

exclusively (see next paragraph). 

 
 

VIBRO-DRIVING OF PILES FOR THE ENLARGMENT OF TWO QUAYS OF  
THE MESSINA SEAPORT  

 

The present paper deals with the vibro-driving of metallic pipes for pile construction, which were 

designed for the enlargement of two different quays, named Colapesce and Vespri respectively, in the 

Messina (Sicily) seaport ((Figures 1 and 2).  

 

 
Figure 1. View of Messina Seaport 

 

 
Figure 2. The Colapesce and Vespri quays: location of tested piles and monitored building 

 

As regards the Colapesce quay, 40 piles (d = 1.2 m and L = 33 m) were executed by means of the vibro-

driving of metallic pipes. The area in which these piles were built is characterized by a depth of sea bed 

variable between 11 and 20 m. 

As regards the Vespri quay, 50 piles (d = 1.6 m and L variable between 21 and 29 m) were executed once 

more by means of the vibro-driving of metallic pipes. For this quay the depth of sea bed varies between 7 

and 14 m.  

For both the quays the sand layer subjected to vibrations is not equal to the length of the pipe, but it is 

equal to the difference between the pipe length and the depth of the sea bed. 

With regard to the execution of piles, after the vibro-driving of the metallic pipe (Figure 3.a) by means of 

the vibro-driver (Figure 3.b), whose characteristics are reported in the Table 1, the extraction of the soil 

inside the metallic pipe was carried out by means of a rotation equipment. Then, in the hole inside the 

metallic pipes a reinforced concrete pile was realized. At the end the metallic pipe was not removed to 

protect the reinforced concrete pile from the sea water. 
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Figure 3. a) A pipe utilized for the vibro-driving of piles; b) The vibro-driver 

 
Table 1. Characteristics of the utilized vibro-driver 

Maximum hydraulic power 193/262 kW/HP 
Eccentric moment 30 m kg 

Maximum frequency 28 Hz 
Maximum centrifugal force 970 kN 

Maximum line pull/push capacity 400 kN 
Vibrating weight without clamp 2470 kg 

Total weight 4120 kg 
Maximum amplitude 23 mm 

Length 2.500 m 
Maximum width 0.740 m 

Centre width 0.330 m 
Height without clamp 1.800 m 

 

Aim of the present paper is the analysis of the settlements caused by the vibrations, during the vibro-

driving involving six different piles (considering the different depth of the sea bed): three piles belonging 

to the Colapesce quay and the other three piles belonging to the Vespri quay. 

 

Geotechnical characterization of the construction site 
As regards the geotechnical characterization of the site, quartz sands from 7.00m to 14.00m, down to the 

investigated depth (30.00m), are present. For some boreholes, from 7.00m up to the ground surface, silt 

and silty sands are present. On the basis of SPT results, it’s possible to considerer the sea side-soils like 

loose granular soils (Dr = 40 %), and the ashore-soils like more dense soils (Dr = 50-60 %). Because of 

this densification state, above all for the sea side-soils, these soils can suffer volume reduction caused by 

dynamic actions, such as seismic input or vibro-driving of piles or metallic pipes. 

In loose dry soils, the dynamic actions cause densification of the soils and consequent settlement of the 

ground surface; in loose saturated soils (and also in dense saturated soils for the cases of severe dynamic 

actions), the dynamic actions cause initially an increment of pore pressure and so a reduction of effective 

tension, with a consequent reduction and /or annulment of shear strength. The subsequent dissipation of 

pore pressure (due to the water drainage) causes a reduction of the volume and so settlements in the 

ground surface.  

With regards to these characteristics of the soil, it’s possible to say that the execution of piles by means of 

the vibro-driving of metallic pipes causes certainly liquefaction phenomena near the element that has to 

be driven and maybe in the surrounding area. Moving away from this element, vibrations damp down on 
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and so the possibility of the liquefaction decreases, until to become void. So, in a wide area characterized 

by vibro-driving works, settlements are possible.  

In order to simplify the estimation of the densification effects and so of the settlements, a unique value for 

the soil unit weight as well as for the shear strength angle are considered: γsat = 20 kN/m3 and φ = 30°. 

 

Monitoring of settlements and accelerations during the vibro-driving of two metallic pipes 
In order to investigate on the effects of vibro-driving in the Messina seaport, accelerations and settlements 

were recorded during the vibro-driving of the metallic pipes of two different piles, one pile belonging to 

the Colapesce quay (February 17, 2009) and the other pile belonging to the Vespri quay (November 17, 

2009), distant each other about 310 m (Figure 2).  

During the monitoring on the Colapesce quay, two sensors were positioned on the quay, near the hammer, 

and other two sensors were positioned in a building about 180 m far from the point in which the vibro-

driving was executed (Figure 2); totally, 19 registrations of accelerations were achieved. During this first 

test, settlements were also recorded, during the different phases of the construction of the pile, in two 

different points: a point P1, positioned on the stocks area (about 10 m far from the vibro-driving point), 

and a point P2, positioned on the front of the above-mentioned building. During the vibro-driving, a 

settlement of 8 mm was measured in the area near the pipe, and a settlement of 2 mm was measured on 

the front of the monitored building. 

During the monitoring on the Vespri quay, two sensors were positioned on the quay, other two sensors 

were positioned on the street, about 38 m far from the point in which the vibro-driving test was executed. 

Totally, 72 registrations of accelerations were achieved. During this second monitoring only accelerations 

were recorded. 

 
 

ANALYTICAL METHODS FOR THE EVALUATION OF SETTLEMENT  
CAUSED BY VIBRATIONS 

 

In the geotechnical literature there are very few analytical methods for the evaluation of settlements 

caused by vibrations; in this paper two different methods will be presented and so applied in order to 

estimate the settlements due to the vibro-driving of vertical rigid elements.  

The first utilized method was proposed by Drabkin et al. (1996); it suggests to evaluate the settlement ∆ 

of a sand layer characterized by a thickness equal to H, by means of the following expression: 

 

∆ =
y

150
H                 (1) 

 

in which y (in 0.0254 mm, because the value is considered in inches, and so it has to be converted) is the 

settlement of a soil sample with h = 150 mm, and it has to be evaluated by means of the following 

expression: 

 

ln y = 2.27 +1.19x1 −0.71x1

2 +0.49x2 −0.68x2

2 −0.80x3 +1.09x3

2 −0.46x4 +0.06x4

2 +0.45x5

−0.38x5

2 −0.19x6 −0.10x7

  (2) 

 

The terms xi are factors variable between 1 and -1 (apart from x6 and x7); they take into account of: 

vibration amplitude, deviatoric stress, confining pressure, sand granulometry, number of vibration cycles, 

saturation of sand, initial densification state of the sand (Table 2). 
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If it is necessary to evaluate the settlement at a certain distance from the driving point, the expressions (1) 

and (2) can be utilized, but considering a different value for ν2, which takes into account the vibration 

damping. In particular, if ν1 is the vibration amplitude at r1 distance from the driving point, the vibration 

amplitude ν2 at r2 distance from the driving point is given by the following expression: 

 

ν2 =ν1

r1
r2

 

 
 

 

 
 0.5e−α r2 −r1( )

             (3) 

 

in which α can be evaluated by the following expression (Haupt, 1986): 

 

α =
2πDf

C
                 (4) 

 

where: D is the damping ratio of the soil; f is the frequency of the cyclic action and C is the Rayleigh 

wave velocity. In elastic field it is possible to assume D = 5 %; moreover, for dry sand it is possible to 

consider C = 100-300 m/s, instead for saturated sand C = 300-700 m/s (Massarch, 1992). 

 

Table 2. Coding of variable factors (after Drabkin et al., 1996) 
Factors Coding of factors Notes 

Vibration amplitude x1 = −1+
ν −0.1

0.3

 
 
 

 
 
  ν = 2.5 −18mm /s 

Deviatoric stress x2 = −1+
s −2

6.5

 
 
 

 
 
  s =14 −104kPa  

Confining pressure x3 = −1+
p −10

10

 
 
 

 
 
  p = 69 −207kPa 

Coarse sand x4 = −1  
Fine sand x4 = +1  

Number of vibration cycles x5 = −1+
N −60

26997

 
 
 

 
 
  N = 60 − 500000  

Dry sand x6 = −1  
Saturated sand x6 = +2   

Initially loose sand x7 = −1  
Initially medium dense sand x7 = +2   

 

The second utilized method was proposed by Massarsch (2000); it suggests to evaluate the total 

settlement ∆ of a sand layer, due to vibrations caused by the propagation of superficial waves, by means 

of the sum of settlements ∆s of each single layer in which the total depth involved by the waves 

propagation can be subdivided; then, this result has to be multiplied by the number of vibration cycles: 

 

Ns
n

i

⋅∆=∆ ∑
=1

                (5) 

 

Generally, the depth involved by the waves propagation is evaluated as 1.5 times the wave length λ, 

instead the thickness of each layer can be chosen arbitrarily. 
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The expression introduced by Massarch (2000) for the evaluation of the settlement ∆s (mm) of each layer 

is the following: 

( )scz CRvmfs ⋅∆Η⋅⋅⋅=∆ 1             (6) 

where: 

 f1  =  first factor of shear strain, whose estimation is based on the diagram of Figure 4; 

 mz  = second factor of shear strain, whose estimation is based on the diagram of Figure 5; in first 

approximation, the value of mz for an homogeneous soil layer can be considered equal to 0.5. 

 v   =  velocity of the particles (mm/s); 

∆H =  thickness of the generic layer (m); 

 Rc  =  reduction factor for the velocity of shear waves, whose estimation is based on the diagram of 

Figure 6, after evaluating the value of shear strain γ (%);  

 Cs   =  velocity of shear waves. 

It is possible to evaluate the value of shear strain γ (%) according to the following expression: 

 

( )10⋅= seq Cvγ               (7) 

where:  

 veq = equivalent velocity of vibration (mm/s), given by the following expression: 

 

zeq mv ⋅=ν                (8) 

where: 

 ν = vibration amplitude (mm/s). 

 

  

 
Figure 4. Shear strain factor f1 as function of shear strain for different values of load cycles 

and relative density (data after Seed and Silver, 1972; Youd, 1972)  
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Figure 5. Shear strain factor mz for use with vertical peak particle velocity,  

with indication of simplified relationship (after Massarch, 2000) 
 

 
Figure 6. Variation of shear wave velocity reduction factor for sands and silts  

(data after Vucetic and Dobry, 1990). 
 
 

EVALUATION OF SETTLEMENTS ACCORDING TO THE ANALYTICAL METHODS  
 

As previously said, the first monitoring (on February 17, 2009) regarded one pile of the Colapesce quay. 

In order to calculate the settlements of the sand caused by the vibro-driving of all the pipes of this quay, 

three different cases are considered (Table 3), which take into account the variable depth of the sea bed 

(the monitored pile corresponds to the 1C case; the 2C case hypothesizes a medium depth of sea bed). 

 
Table 3. Analyzed cases for the Colapesce quay 

Case L (m) D (mm) HW (m) 

1C 33 1200 11 
2C 33 1200 15 
3C 33 1200 20 

mz = 0.9 – 0.6 z/λλλλ 
z
/ λλ λλ
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In relation to the Drabkin et al. (1996) method, the estimated values of the deviatoric stress s and of the 

confining pressure p are: 33.66 kN/m
2 

and 293.33 kN/m
2
, 30.00 kN/m

2 
and 300.00 kN/m

2
, 21.66 kN/m

2
 

and 308.33 kN/m2 for the three cases 1C, 2C and 3C respectively.  

The damping ratio D of the soil was considered equal to 5%, and the Rayleigh waves velocity was 

considered equal to 500 m/s. Considering the value of f = 28 Hz (Table 1), the number of vibration cycles 

is equal to 34222, 28000 and 20222 for the three cases, respectively.  

Thus, the value of xi factors (see Table 2) necessary to evaluate the settlement ∆ are reported in Table 4. 

 
Table 4. Values of factors xi for the three cases of Table 3 

Case x1 x2 x3 x4 x5 x6 x7 

1C 1 -0.48 1 1 0.27 2 -1 
2C 1 -0.64 1 1 0.03 2 -1 
3C 1 -0.82 1 1 -0.25 2 -1 

 

Finally, the values of settlements ∆ for the three cases of Table 3 were evaluated. Moreover, considering 

the expression (3), the settlements of two points of ground surface distant 10 m from the driven pipe 

(corresponding to the point P1 in the stock area) and distant 180 m (corresponding to the point P2 on the 

front of the monitored building) were also evaluated, with reference to a depth of sea bed Hw = 0 m; all 

these values are reported in the summarizing Table 7. It is important to stress that: ∆A are the settlements 

at the tip of the pile, ∆B are the settlements at the point distant 10 m from the driven pipe, ∆C are the 

settlements at the point distant 180 m from the driven pipe. 

With regard to the Massarch (2000) method, it is important to stress that the bedrock was considered 

equal to 35 m from the ground surface, because it was not found within the investigated layer of 30 m. So, 

according to Massarch method, the value of the thickness (H) of the sand layer involved by the waves 

propagation was estimated trough the following expressions:  

 

�������������������������������� wH−35 ������� wH−> 355.1 λ �

H is equal to�          (9) 

�������������������������������� λ5.1 ������� wH−≤ 355.1 λ �

�

The obtained values of H are equal to 24 m, 20 m and 15 m for the 1C, 2C and 3C cases, respectively. 

Thus, the thickness H was subdivided in different layers of 3 m. Then, the values of all the parameters 

involved in the Massarch method were computed per each layer, obtaining the following values ranges: 
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��

������
��������

�������������
����������

γ���������������
�	���������
���


����	������� ������
��������
��

���������������

���������
���
����������

γ���������������
�	���������
���


����	������� ��������
�������
� 



5th International Conference on Earthquake Geotechnical Engineering 
January 2011, 10-13 

Santiago, Chile 

 

mz = 0. 45 – 0.90; 

veq = 8.04 – 16.20 mm/s; 

γ = 0.0016 – 0.0032 %; 

Rc = 0.98 – 1.00 

Cs is always fixed equal to 540 m/s (about 7% major than the Rayleigh waves velocity; Massarch, 2000). 

The achieved values of settlements for these three cases are reported in the summarizing Table 7.  

The second monitoring (on November 17, 2009) regarded one pile of the Vespri quay. Three different 

cases are considered for the same previous reasons (Table 5). 

 
Table 5. Analyzed cases for the Vespri quay 

Case L (m) D (mm) HW (m) 

1V 21 1600 7 
2V 25 1600 11 
3V 29 1600 14 

 

The same previously adopted calculation process is here shown. Thus, the computed deviatoric stress s 

and confining pressure p required in the Drabkin et al. (1996) method are: 23.33 kN/m
2 

and 186.66 

kN/m2, 23.33 kN/m2 and 186.66 kN/m2, 25.00 kN/m2 and 265.00 kN/m2 for the three cases 1V, 2V and 3V 

respectively. The damping ratio and the Rayleigh waves velocity assume the same previous values: D = 

5% and C = 500 m/s. The number of vibration cycles (N) is equal to 21778, 21778 and 23333 for the three 

cases of Table 5, respectively. So, the value of xi factors (see Table 2) are reported in Table 6. 

 

Table 6. Values of factors xi for the three cases of Table 5 
Case x1 x2 x3 x4 x5 x6 x7 

1V 1 -0.79 0.71 1 -0.20 2 -1 
2V 1 -0.79 1 1 -0.20 2 -1 
3V 1 -0.75 1 1 -0.14 2 -1 

 

Finally, the achieved values of settlements ∆ are shown in the summarizing Table 7. The settlements in a 

point on ground surface distant 10 m from the driven pipe were also calculated, with reference to a 

medium length L = 25 m and a depth of sea bed Hw = 0m. Moreover, according to the same hypothesis, 

the settlements of ground surface in a point distant 38 m from the driven pipe (corresponding to the 

monitored point of the street) were calculated; these values are also shown in the summarizing Table 7. It 

is important to stress that ∆A are the settlements at the tip of the pile, ∆B are the settlements at the point 

distant 10 m from the driven pipe, ∆C are the settlements at the point distant 38 m from the driven pipe. 

With regard to the application of the Massarch (2000) method, the values of the thickness H of the sand 

layer subjected to settlements (estimated according to the expression (9)) are equal to 14 m, 14 m and 15 

m for the 1V, 2V and 3V cases, respectively. Then, the values of the other parameters involved in the 

method are equal to: 

Case 1V:   f1 = 0.00021 – 0.00431; 

mz = 0.04 – 0.90; 

veq = 0.78 – 16.20 mm/s; 

γ = 0.0002 – 0.0032 %; 

Rc = 0.98 – 1.00; 

Case 2V:   f1 = 0.00069 – 0.00431; 

mz = 0.14 – 0.90; 

veq = 4.41 – 16.20 mm/s; 
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γ = 0.0009 – 0.0032 %; 

Rc = 0.98 – 1.00; 

Case 3V:   f1 = 0.00117 – 0.00431; 

mz = 0. 24 – 0.90; 

veq = 4.41 – 16.20 mm/s; 

γ = 0.0009 – 0.0032 %; 

Rc = 0.98 – 1.00. 

Finally, the achieved values of settlements for these three cases are reported in the summarizing Table 7. 

 
 

NUMERICAL MODELING OF THE VIBRO-DRIVING OF PILES 
 
The FEM model 
As regards the numerical modeling of the vibro-driving of piles, a 2-D FEM model was developed by the 

FEM ADINA code (Bathe, 1996); Figure 7 shows the adopted mesh and the applied boundary and 

loading conditions. 

As regards the boundary conditions, the horizontal bottom boundary was chosen at a depth equal to 35.00 

m, according to the bedrock estimation; in order to avoid any boundary effect, the two lateral boundaries 

are 200 m for the three cases regarding the Colapesce quay (for which the monitored point is distant 180 

m from the analyzed pile) and 60.00 m far from the pile for the three cases regarding the Vespri quay (for 

which the monitored point is distant 38 m from the analyzed pile). For the horizontal bottom boundary all 

the displacements were fixed equal to zero, instead for the lateral boundaries only the horizontal 

displacements are fixed. The applied loads simulate: the weight of the materials, by means of the “mass 

proportional load”, applied to the whole system; the weight of the vibro-driver, by means of a static z-

force (see Table 1), and the dynamic action of the vibro-driver, by means of a vertical displacement time-

history (see Table 1), both applied at the top of the pipe. 

Both the pipe and the soil are modeled like elastic linear materials, considering: E = 200000 MPa and γ = 

78.5 kN/m
3
 for the metallic pipe and E = 60 MPa and γ = 20.0 kN/m

3
 for the sand. Moreover, the pile was 

modeled as beam, assigning a pipe cross-section, instead the soil was modeled using 2D-solid elements. 

Finally, in order to perform transient dynamic analyses it was necessary to fix the Rayleigh damping 

factors α and β, to define the damping matrix [C] as a linear combination of the mass matrix [M] and the 

stiffness matrix [K]: α = 8.796, β = 0.000284 for the soil and α = 3.517, β = 0.000114 for the pile. 

Considering the different geometric characteristics of the six cases previously described (see Tables 3 and 

6), six different meshes were developed. For lack of space Figure 7 shows the adopted mesh for the 1C 

case (d = 1.2 m, L = 33 m, Hw = 11 m). 

 
Numerical results 
For all the six cases, the settlements of the soil around the tip of the pipe (∆A), as well as the settlements 

of the soil at the ground surface in a point distant 10 m from the pipe (∆B) and the settlements in a point 

distant 180 m from the pipe for the cases 1C, 2C and 3C and distant 38 m from the pipe for the cases 1V, 

2V and 3V (∆C) were estimated. These values are reported in the summarizing Table 7.  

The accelerations in different points of the model were also evaluated. For lack of space only the final 

value of settlements are reported in this paper, however a good agreement between numerical values and 

experimental ones was achieved.  

Moreover, the band plots of displacements and accelerations were considered; Figure 8 show them for the 

1C case at the final configuration. 
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Figure 7. FEM model showing boundary and loading conditions 

and the points in which the settlements were computed 
 

 

COMPARISON AMONG EXPERIMENTAL, ANALYTICAL AND NUMERICAL RESULTS 
 

It is important to stress that a reasonable comparison with experimental results is possible only for the 1C 

case, because only for this case settlements were recorded. 

Observing the summarized results in Table 7, it can be noticed that there is a good agreement between the 

experimental value and the value achieved both by the method of Drabkin et al. (1996) and by the FEM 

modeling, above all referring to the B point; in fact, as regards the C point, the method of Drabkin et al. 

(1996) gives a value very nearly to the measured settlement, instead the numerical value is overestimated. 

Some divergences are visible for the achieved values at the A point, for which however none 

experimental value is available; in particular, for 1C, 2C and 3C cases, both the analytical methodologies 

give settlements much higher than those obtained by the numerical simulation. This result can be 

explained by the choice of the position of the bedrock in the modeling: in these cases there is a small 

thickness of the deformable layer between the tip of the pipe and the bedrock (it is equal to 2 m for all the 

three cases), and so there are small displacements because there is the influence of the bedrock. 

Moreover, by the method of Drabkin et al. (1996) it is not possible to take into account the presence of 

the bedrock, which can limit the displacements; by the method of Massarch (2000), it is possible to 

consider the influence of the bedrock, but only according to theoretical considerations. 

 

 

 
Figure 8. a) Vertical displacement band plot; b) Vertical acceleration band plot 
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Table 7. Summarized settlements (mm) according to the utilized methods 
 Experimental  

values 

Drabkin et al. 

(1996) 

Massarch 

(2000) 

FEM modeling 

Case ∆∆∆∆B ∆∆∆∆C  ∆∆∆∆A ∆∆∆∆B ∆∆∆∆C  ∆∆∆∆A ∆∆∆∆B ∆∆∆∆c ∆∆∆∆A ∆∆∆∆B ∆∆∆∆c 

1C 8.0 2.0 28.9 8.6 2.3 26.8 - - 1.0 7.4 6.1 
2C - - 18.2 8.6 2.3 21.8 - - 1.0 7.4 6.1 
3C - - 8.5 8.6 2.3 15.2 - - 0.7 7.1 6.1 
1V - - 7.4 6.3 2.3 17.0 - - 5.3 7.6 5.9 
2V - - 10.1 6.3 2.3 17.0 - - 4.2 7.9 5.9 
3V - - 11.9 6.3 2.3 18.2 - - 2.5 7.9 5.9 

 
 

CONCLUSIONS 
 

This  paper describes the monitoring of a vibro-driving of piles, which are part of an under construction 

pile group for the enlargement of two quays of the Messina (Sicily) seaport. Many data (amplitude, 

frequency and number of cycles of the vibration, vibration source, soil properties) were collected from 

two tests executed on two different, but a few data concern the settlements which took place. 

Two different analytical methods were used to predict these settlements, as well as a FEM numerical 

model was developed in order to study the phenomenon. 

Except some divergences due to theoretic hypotheses and/or modeling choices, both the analytical and the 

numerical approaches provided a good fit to the experimental evidence, even if a reasonable comparison 

with the experimental data was possible only for a particular analyzed case.  

It is possible to assert that the adopted approaches allow us to comprehend what happens during a vibro-

driving of piles, and so they can be utilized to understand all that happens when a soil is subjected to 

vibrations. In particular, FEM modeling is a very useful tool to study the behavior of the soil for very 

important and strategic cases; obviously, the numerical methodology is really good if it is possible to 

validate the numerical results by the comparison with the experimental ones. Otherwise, analytical 

approaches allow to obtain good results by simple procedures. 
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