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Abstract 
  
The pile driving is realized as the hammer strikes the pile head with a certain impact velocity. The vibration produced 
by one blow is not regular and generally they die away before the next blow. For some type of hammers, the 
vibrations are not completely dissipated before the next blow. The response of different forms of the construction will 
vary and certain structural details may lead to magnification of the vibration effect. In order to investigate the 
characteristics of vibration wave transmission within the soil due to driving precast concrete pile, experimental tests 
of small scale model of precast concrete pile of (20x20) mm and 500mm lengths was conducted in steel container of 
(1200 × 1200× 900) mm dimensions fill with sand to conduct the tests. Pile driving hammer device was fixed on the 
container to impact pile by dropping weights of 1.68kg falling from a constant height of 279 mm. The experimental 
work consists of (5) small scale model tests, the dynamic response of each model are recorded. The peak particle 
velocity was measured by sensors at the soil surface at different distance from the pile center (2.5d, 5d, 10d, 17.5d, 
20d, and 25d), where d is the pile width. The results shows that the maximum velocity of vibration wave for precast 
concert pile is to be (1.4 mm/s) at penetration depth of (20 to 24) cm for a horizontal distance of 2.5d from the center 
of the pile model, and decreased to zero at distance of 26d.  
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1. Introduction 
 

1 Driving pile vibrations in the ground create issues 
particularly in urban areas such as unwanted noise, 
environmental disturbance, and potential hazard for 
the neighboring properties. Many case studies have 
shown that ground vibrations due to pile driving often 
cause damage to the adjacent structures that are 
vulnerable to the ground shaking (Dowding, 1999; 
Kim, et al., 2000; Woods, et al., 2004). Vibration due to 
pile driving is a complex process that involves many 
parameters that vary during the process of driving. 
During the interaction between driven pile and the soil, 
the vibration propagates through the ground then 
continues in to the structure nearby which may disturb 
occupants and /or damage the structure 
(Hintze, 1994). 
 Theories regarding ground vibration attenuation 
were initially developed for rock blasting applications 
and used for field measurements of ground surface 
vibrations indicated that these could be related to the 
energy released in a blast (Wiss 1981). Empirical 
relations were developed, showing magnitude of 
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blasting vibration as afunction of energy release. 
Similar relations were developed for the prediction of 
vibrations caused by other types of energy sources, for 
example, pile driving or soil compaction, which are still 
widely used (Jedele 2005)  . Attewell and Farmer 
(1973)  analyzed results of measurements in a variety 
of soils of vibration induced by the driving of different 
types of piles. They suggested that a conservative 
energy-based on estimate of vibration velocity, v, at 
distance, r, from the energy source (pile) can be made 
from the relation expressed by Eq. (1) (Jedele 2005)  .  
 

v = k 
√ 

 
                      (1) 

 
Where v   =   vibration velocity (m/s) 
W =   energy input at source (J) 
k  =   an empirical vibration factor (m2/s√J) 
r =   distance from pile (m) 
 

The vibration velocity is not defined in terms of 
direction of measurement (vertical, horizontal, or 
resultant of components). Rather surprising, they 
reached the conclusion that the attenuation of ground 
vibration amplitude with distance from a pile is largely 
independent of the type and strength or stiffness of the 
ground. An additional important aspect, which is not 
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considered in Eq. (1), is whether the nominal hammer 
energy or an adjusted energy value should be used. 
Note also that the empirical factor, k, has caused some 
confusion in the literature as it is not dimensionless. In 
many cases, the units applied to the vibration factor 
were not in agreement with those of the vibration 
velocity. Attewell and Farmer (1973) did not indicate 
which distance to be used in Eq. (1), therefore, often 
the shortest distance from the pile on the ground 
surface to the point of observation is selected by 
practicing engineers, disregarding the depth of pile 
penetration (thus not considering the actual location of 
the source of the vibrations). 
 The parameters defining the propagation of a stress 
wave caused by the impact of a drop hammer on a pile 
are given in Plate (1). At impact, the particle velocity, 
ν0, , and a height-of-fall, h, while the particle velocity of 
the pile head is zero. The velocity of the hammer 
immediately before or at impact, ν0, can be estimated 
from the hammer height-of-fall, assuming no loss of 
energy in the fall, as expressed in Eq. (2) 
  

ν 0   = √                          (2) 

 
Where 
v0 =   velocity of hammer at impact  
g   =   acceleration of earth gravity. 
h   =   hammer-height-of-fall 
  
When the hammer strikes the pile, a stress wave will 
be generated simultaneously in the pile and in the 
hammer, as indicated in Plate (1), while the pile head 
starts to accelerate, gaining a velocity . 
 

 
 

Plate 1 Definition   of   parameters   governing   stress   
wave propagation in piles 

 

2. Estimation  of total damping for a propagating 
wave    
 

Lamb (1904) presented a simple theory for the 
attenuation of ground waves propagating along the 
ground surface. The attenuation of a cylindrical 
Rayleigh wave in a homogenous elastic half‐space is 
presented as: 

                              (3)  
 
Where  
r = the distance from the source 
A = wave amplitude (m). 
 
3. Geometric damping  
 
Geometric damping reduces the amplitude of the 
vibrations as distance from the source increases, due to 
the fact that the same energy is spread over an 
increasingly larger surface or volume. From the theory 
of energy conservation, the wave attenuation due to 
geometric damping can be described with the 
following expression (Woods, 1997; Nordal, 2009) : 
with the reflection and refraction of ray paths cause the 
ground vibrations to reach a vulnerable object by many 
different paths (Kramer, 1996)  . 
                  r1                    
A2 = A1(------)n                        (4)  
                  r2 

Where 
A2 = amplitude of motion at distance r2 from the source 
         (m)    
A1 = amplitude of motion at distance r1 from the source 
        (m)  
 n = ½ for R‐waves (‐); 1 for body waves (‐); 
2 for body waves at the surface (‐)  
 
The value of n depends on wave type. Since surface 
waves propagate as expanding rings, the energy per 
unit area of the wave decays inversely proportional to 
the distance from the source and surface waves 
experience a lower geometric damping than body 
waves (Rockhill et al., 2003; Kramer, 1996).  
 
4. Methodology 
 
4.1 Manufacturing container 
 
The dimensions of the container (1200*1200 *900)  
mm , each side of the container is made of a steel plate 
3 mm thickness,  that was  sealed from the inside of the 
four dimensions with a 50 mm  diameter and 200 mm 
below. The cork layer was then encased to the four 
sides and the container base inside with a star layer of 
20 mm, to absorb the vibration waveguide when 
shedding dynamic force as shows plate (2). 
 

  
 

Plate 2: Illustration of manufacturing container 
 
4.2 Sand Deposit Preparation     
 
The sand deposit was prepared using a modified 
compactor that was manufactured to satisfy the 
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required relative density which selected in this study. 
The total weight of sand was divided into seven equal 
weights. Each represents 100 mm height from total 
layers height. The soil of each layer was compacted to a 
predetermined depth. After completing the final layer, 
the top surface was leveled to get as near as possible a 
flat surface. 
 
4.3 Vibration meter device  
 
It is a vibration meter, model: BVB-8207SD 4 
CHANNELS with SD card data recorder marks a step 
forwards into the field of precision measurement 
(Plate 3). 
 

 
 

Plate 3: Illustration of Vibration meter device  
 
4.4 Measurements of vibration wave at the soil surface 
 
To measure the maximum impact of vibration wave in 

soil from driven pile, place the sensors at different 

distances from the pile center. The suggest distance to 

be (2.5d, 5d, 10d, 17.5d) at a depth of 50 mm below the 

soil surface, where d is the width of square pile as 

shown in figure (1) and (2). 
 

 
 

Fig.1: Measurement vibration wave due to pile driving 
within the soil at different distances  

 
 
Fig.2: Section of the driving hammer in the model test 

 
5. Behavior of vibration wave at the soil surface 
due to pile driving  
 
Figure (3), shows behavior of vibration wave velocity 

with penetration depth of pile model during driving of 

precast concert of pile. The figure illustrates the 

dynamic response of pile model under the applied 

dynamic load, and record vibration wave velocity with 

pile penetration depth at different distances from the 

pile center. It shows also the maximum vibration wave 

velocity was gradually increased to reach the 

maximum at the middle of penetration depth of the pile 

model. Also can be noted that the peak particle velocity 

recorded on the surface of soil is not regular with 

regular energy and increased with the penetration 

depth of pile. The peak particle velocity increased in 

some points and decreased in other points because of 

the dissipation of the stress waves due to the soil 

damping. This is caused a significant differences in the 

magnitudes of the vibrations on the ground surface. 

 

 
 

Fig.3: Behavior of vibration wave velocity with 
penetration depth of pile model during driving for 

precast concert of pile 
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Figure (4) illustrates that the maximum value of 
acceleration of vibration wave for precast concrete 
pile model at the beginning of driving is (50 mm/s²), 
where the sensor fixed at the soil surface at a distance 
of 2.5d from the pile center. Then gradually decrease 
to , (35, 30, 20, 15, and  0 ) mm/s² when the sensor 
fixed at a distance of ( 5d, 10d, 20d, 25d, and 26d) from 
the pile center model respectively. 
 

 
 

Fig.4: Behavior of vibration wave of acceleration with 
penetration depth of pile model during driving of 

precast concrete pile 

   
Figure (5), shows the behavior of vibration wave 
displacement with penetration depth during driving 
precast concert pile model. It shows that the 
vibration wave displacements gradually increased 
and reach the maximum vibration wave at the last 
third of penetration depth for precast concert pile 
model 
 

 
 

Fig.5: Behavior of vibration wave displacement with 
penetration depth during driving precast concert pile 

model 

5.1Estimation of total damping for a propagating wave 
 
By knowledge the maximum distance of vibration wave 
effect of precast concert model pile, that lead to 
estimation of total damping of propagating wave. Table 
(1) shows an estimation of total damping for 
propagating wave at maximum distance from the 
source for precast concert pile model. 
 

Table 1: Estimation of total damping of propagation 
wave due to driving precast concert pile model 

 

The type pile 
 

Distance from  
the source r (m). 

 

Total damping 
(wave amplitude)  (m) 

A=      

Precast 
concert 

0.520    m 0.721    m 

 
5.2 Estimation of vibration amplitude  
 
By knowledge the maximum distance of the vibration 
wave effect of pile model and the total damping for 
propagation wave, and by applying eq. (4) it is possible 
to estimate of vibration amplitude for propagating 
wave. Table (2) shows an estimation of 
vibration amplitude within the effective distance of 
propagating wave.  
 
Table 2: Estimation of vibration amplitude at effective 

distance of propagating wave 
 

Distance from  the source 
 

(  )  m 
0.52 

wave 
amplitude 

(A1) m 

0.721 

(r2) m Distance  from  the 
source 

(A2) m 
Precast concert 

0.025 0.002 
0.050 0.009 
0.100 0.037 
0.200 0.148 
0.300 0.333 
0.350 0.453 
0.400 0.592 
0.500 0.925 

  
Figure (6), shows the vibration amplitude within the 
effective distance of propagating wave of precast 
concert pile model.  
  

 
 

Fig. 6: illustrates Vibration amplitude within the 
effective distance of propagation wave 
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Table (3), illustrates vibration amplitude within the 
effective distance for propagating wave, total damping 
and the maximum effective distance at the soil surface. 
 
Table 3: Estimation of vibration amplitude within the 

effective distance for propagating wave 
 

 
Type pile 

vibration amplitude 
at distance for a 
propagating wave 

 
Total damping 

m 
Precast 

concert 
y   = 1.837 x - 0.1297 0.721 

 
Conclusions 
 
From the obtained results from this study, it is clear to 

conclude the following points: 
1. The maximum vibration wave velocity was gradually 

increased to reach the maximum at the middle of 
penetration depth of the pile model.  

2. The peak particle velocity recorded on the surface of 
soil is not regular with regular energy and increased 
with the penetration depth of pile. 

3. The vibration wave transmissions due to different 
locations of sensors at the soil surface shows that the 
values of vibration wave at the soil surface decrease 
with increasing the sensors distance from the pile 
center. 

4. The installation of sensors at the soil surface specify 
the maximum effective distance and the least effect 
of vibration wave for adjacent buildings due to the 
driving pile. 

5. Behavior of vibration wave acceleration starts with 
the highest value and then disappears at the toe of 
pile with penetration depth. 

6. The length of stress wave propagation down the pile 
due to driving depends on the pile length and does 
not depend on the shape and material of the pile. 
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