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ABSTRACT 

As part of a construction work pile and sheet pile driving unavoidably generates vibrations. As of to-
day construction works are often located in urban areas and along with society’s increasing concern of 
environmental impact the need for vibration prediction prior to construction is of immediate interest.
This study presents a review of the prediction models existing today. For prediction of ground vibra-
tions from pile and sheet pile driving there are roughly three different types of models; empirical mod-
els, theoretical models and engineering models. A prediction model should be reliable in all cases 
where it is meant to be used. It is also important that it is relatively easy to use and that the input data is 
easily obtained. This study concludes that, as of today, there is a lack of such a model. Today’s models 
either lack in reliability or require great amounts of input data, knowledge and skills as well as time 
and money. The findings within this study constitute the initial part of an on-going research project at 
the division of Soil- and Rock Mechanics at the Royal Institute of Technology in cooperation with the 
Development Fund of the Swedish Construction Industry and NCC Construction Sweden. 
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1 INTRODUCTION 

Construction work and especially the driving of 
piles and sheet pile has for a long time been one 
of the most important sources for vibrations in 
urban areas. The induced vibrations can have a 
negative impact on the surroundings. As a con-
sequence of society’s increased concern of envi-
ronmental impact and the fact that construction 
projects more often are located in urban areas 

and close to existing structures, vibration as-
sessment and prediction has become of immedi-
ate interest.  

The prediction of the vibration level in a con-
struction project can have important economic 
and technical consequences. Unnecessarily con-
servative estimations will increase costs, may 
limit the choice of construction methods and de-
lay the project. If, on the other hand, the vibra-
tion level is underestimated, it might lead to 
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damaged structures, disturbed occupants and 
suspension of the construction work.  

Today an estimation of expected vibration 
level is usually based upon experience or field 
test measurements. This study presents a review 
of the existing prediction models for vibrations 
caused by pile and sheet pile driving and is part 
of an on-going research project aiming for better 
prediction and understanding of ground vibra-
tions induced by pile and sheet pile driving. 

2 BASIC THEORY 

In order to estimate the effect of pile/sheet pile 
driving it is necessary to consider the entire vi-
bration transfer process from the source to the 
damage object. The process is divided into three 
main parts; vibration source, wave propagation 
in soil and damage object (Figure 1). Vibrations 
are generated by the driving equipment (impact 
or vibratory) and are transmitted through the pile 
cap and further into the pile. There is an interac-
tion between the soil and the pile shaft and pile 
toe, leading to vibrations being transmitted into 
the ground. From thereon vibrations propagate 
through soil and eventually interact with possible 
damage objects. 

   
Figure 1. Schematic illustration of the vibration transfer dur-
ing pile driving. 

 
At the pile-soil interface vibrations from the 

pile are transmitted to the soil as different waves 
and wave fronts (Figure 2). At the pile toe spher-
ical wave fronts of both P- and S-waves are cre-
ated. From the shaft a conical wave front is cre-

ated consisting of S-waves. As the wave fronts 
reach the ground surface part of the vibration en-
ergy is transferred to surface (R-)waves. 

 

 
Figure 2. Schematic representation of different wave types 
generated at pile driving, modified after [1]. 

 
As waves propagate through the soil attenua-

tion takes place in the form of geometrical and 
material damping. Geometrical damping is 
caused by the energy spreading over an increas-
ing soil volume, and material damping is due to 
internal friction and hysteresis. The total attenua-
tion of vibrations propagating in soil is usually 
approximated by the following relationship: 
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where  
A1, A2 = vibration amplitude at distance r1 re-
spectively r2 from the source 
α = absorption coefficient (m-1) depending on 
soil material and vibration frequency 
n = ½ for surface waves, 1 for body waves, 2 for 
body waves along the surface 

3 CURRENT PREDICTION MODELS  

The magnitude of induced vibrations in a specif-
ic project can be measured fairly well in the field 
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but the prediction of its magnitude prior to driv-
ing is very insecure. Several examples can be 
found in literature stating that as of today there is 
little guidance to be found regarding how prac-
tising engineers can make a prediction of the vi-
brations during a pile or sheet pile driving work 
(e.g. [2], [3], [4], [5], [6], [7] and [8]).  

The existing prediction models are in this 
study divided into three different categories de-
pending on their approach: 

 Empirical models – based on empirical 
knowledge from former measurements and 
experience of piling works 

 Theoretical models – based on theoretical 
knowledge usually consisting of numerical 
models 

 Engineering models – a mix of empirical, 
theoretical and engineering knowledge 
(sometimes also called mixed-approach 
models) 

3.1 Empirical models 

Even if there are no generally accepted methods 
for predicting vibrations during pile- and sheet 
pile driving, there exist a lot of measurements 
and empirical knowledge. 

In 1967 Wiss [9] discovered that the vibration 
magnitude due to pile driving varied with the 
amount of energy transmitted to the soil, the soil 
properties and the distance from the source. Wiss 
[9] then concluded that the particle velocity var-
ied with the square root of the energy of the 
hammer. Attewell & Farmer [1] proposed that, 
for practical estimates of vibrations due to pile 
driving, the vibration intensity attenuates directly 
with distance from the pile and that the geotech-
nical character of the ground can be ignored. 
Hence, in 1973 Attewell & Farmer [1] presented 
one of the first empirical prediction models 
where they suggest that the vertical peak particle 
velocity, v, is given according to the general 
formula: 
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where  
k = empirically determined constant (-) 
W0 = input energy (hammer energy) (J) 
r = horizontal distance between pile and monitor-
ing point (m) 
x = empirically determined index (-) 

 
From field measurements [1] claimed that the 

results correlate quite well with setting k = 1 and 
x = 1, however, they suggested that k = 1.5 is 
used for practical conservative prediction of 
ground vibrations due to pile driving. The energy 
based relationship in Eq. (2) has since been de-
veloped by various researchers proposing values 
for k and x ([10], [11], [2], [12], [13] and [14]). 

Attewell et al. ([11] and [15]) found that a 
quadratic regression curve was a better fit to 
measurements of ground vibrations due to pile 
driving than the former used linear regression 
curve in Eq. (2). The developed model proposes 
the following equation for the prediction of vi-
bration velocity due to pile driving: 
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where  
k, m and n = constants of proportionality (-) 

  
Constants k, m and n are functions of the soil 

conditions at the site of pile driving and the driv-
ing method. Suggested values for the constants 
are published in [15].  

Svinkin [16] presented a development of the 
energy based relationship founded on determina-
tion of the vibration velocity at the pile head, and 
from that computed the ground vibrations. In Eq. 
(2) x is set as 1 and k is equal to the pile vibration 
at the pile head, vp.  

3.2 Theoretical models 

Theoretical models use a different approach 
for the prediction of vibrations than the one used 
in empirical models. Theoretical models are usu-
ally based on numerical or analytical modelling 
using different computer programs. Davis [8] 
listed several numerical methods which can be 
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used for prediction of ground vibrations, the 
most common are: 

 Finite Difference Time-Domain Method 
(FDM) 

 Finite Element Method (FEM) 
 Boundary Element Method (BEM) 
 
FDM can take layering and anisotropy of the 

soil into account; however, there is uncertainty in 
the loss of energy due to material damping. An-
other drawback of the FDM is that it requires 
high levels of mathematical skills from the user 
[8]. FEM is commonly used for the modelling of 
problems in soil and rock materials. There are a 
number of commercial computer programs based 
on FEM (Plaxis being the most common among 
geotechnical engineers). BEM is somewhat more 
limited in its use than FEM and FDM due to its 
need for reformulation of the partial differential 
equations. To overcome the limitations with 
BEM the soil immediately next to the source can 
be modelled with FEM while the rest of the 
propagation path can be modelled using a cou-
pled BEM model. For the modelling of ground 
vibration problems with infinite domains BEM is 
considered to be better than FEM regarding effi-
ciency, accuracy and user friendliness [8].  

Theoretical models often consist of sub-
models for the pile, the soil and sometimes also 
for damage objects. The sub-models are mod-
elled separately and thereafter connected to make 
the prediction [17]. Several of the existing pre-
diction models mix different numerical methods 
in their prediction models (e.g. [3] and [18]). 

  
Table 1. Theoretical models for prediction of vibrations due 
to pile and sheet pile driving, modified after [19]. 

Researcher Numerical method 

Holeyman (1993) Radial discrete model 
Waarts & Bielefeld (1994) Stress wave simulation 

and FEM 
Ramshaw et al. (2000) Finite and infinite ele-

ment method 
Liyanapathirana et al. (2001) FEM 
Mahutka & Grabe (2006) FEM (Abaqus) 
Rocher-Lacoste & Semblat 
(2007) 

FEM (Cesar-LCPC) 

Masoumi et al. (2007) FEM and BEM 
Whenham (2011) FEM (Plaxis) 

 

Whenham [19] has listed several publications 
where numerical methods have been used to pre-
dict the vibrations induced by pile driving. From 
that list modifications and additions have been 
made resulting in Table 1. 

3.3 Engineering models 

Engineering models mix different approaches in 
the same model to make a prediction. Jongmans 
[4] presented an engineering model that aims to-
wards reconstructing the whole vibration signal 
generated during pile driving. The model con-
sists of two parts; the first part is based on the 
use of geophysical prospecting to represent the 
response of the site (Green’s function) and the 
other part is an equivalent source function ideal-
ising energy transmission from pile toe to soil. 

 A model presented by Svinkin [21] uses the 
concept of the impulse response function to 
model the soil behaviour. The impulse response 
function is determined by setting up an experi-
ment in which known magnitudes of impact are 
applied on the site of interest. Once the impulse 
response function is known the dynamic loads 
for pile driving are computed by wave equation 
analysis. Duhamel’s integral is then used to find 
the predicted vibrations. 

In 2008 Massarsch & Fellenius [20] intro-
duced a model for estimating vibrations from 
impact pile driving. The method includes the 
force applied to the pile head, the dynamic 
stresses in the pile and the dynamic resistance 
along the pile toe and pile shaft. 

4 COMMENTS ON CURRENT 
PREDICTION MODELS 

4.1 Empirical models 

Hope & Hiller [22] draw the conclusion that pre-
diction models not taking soil conditions into 
consideration are less accurate than prediction 
models taking soil conditions into account. Sev-
eral others ([21], [23] and [20]) are critical to-
wards empirical relationships for estimation of 
ground vibration as they do not take soil condi-
tions into account in an adequate way. According 
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to [4] it is likely that soil conditions affect not 
only the vibration magnitude but also its fre-
quency content and wave form. Hope & Hiller 
[22] and Massarsch & Fellenius [20] showed that 
the empirical approach is too crude for reliable 
analysis of ground vibrations and that some of 
the relationships assumed in these empirical 
models are invalid. 

However, according to [11] and [24] it is quite 
reasonable that ground vibrations due to pile 
driving can be estimated by the use of empirical 
methods. They stated that empirical methods are 
the most sensible and suitable for use on site. In 
[23] it is also reasoned that empirical models 
have their limitations, nevertheless, they are easy 
to apply and thus valuable for piling practition-
ers. 

4.2 Theoretical models 

Athanasopoulos & Pelekis [23] believed that 
theoretical models are capable of modelling the 
whole vibration problem and producing predict-
ed vibration levels. Svinkin [21] stated that ana-
lytical prediction models usually give good 
agreement between predicted and measured vi-
brations for a certain site. However, designing 
the models takes a lot of time and knowledge in 
order to get the calculations right. A theoretical 
model is in most cases strongly influenced by the 
user and his/her expertise and knowledge, which 
affects the predicted vibrations [17]. Making re-
liable predictions also requires detailed input da-
ta that in many cases needs to be estimated. 

4.3 Engineering models 

The advantage of Jongmans’ model is that it 
takes the site characteristics into account [4]. The 
model presented by Massarsch & Fellenius [20] 
also considers soil conditions in the form of soil 
resistance. And Svinkin [21] stated that the ad-
vantage of the impulse response function is that 
it reflects real soil behaviour without the need for 
investigations of the soil properties. 

The engineering models presented in section 
3.3 all include soil conditions in one way or an-
other; however, they lack validation in the form 
of comparison to vibration levels measured in the 
field. 

4.4 Reliability of prediction models 

One of the main conclusions in the study of [17] 
was that the uncertainty in vibration prediction 
generally is quite large; however, using sophisti-
cated FEM-models reduced the uncertainty com-
pared to expert judgement. Another conclusion 
was that the user of the prediction model has a 
huge influence on the outcome of the prediction. 

Hope & Hiller [22] presented a review of the 
prediction models available at that time, focusing 
on vibrations from impact pile driving. They 
showed that the accuracy of the existing predic-
tion models were limited. Most prediction mod-
els presented considerably over-estimated the vi-
bration magnitudes at distances less than 11 m 
from the pile. In [19] predicted vibrations from 
the Attewell et al. model ([11] and [15]) were 
compared with measured results showing that the 
model over-predicted the actual vibrations with a 
factor of 2 to 10. Nevertheless, most prediction 
models are intentionally conservative. 

In order to highlight the complexity of the 
problem and the difficulty in prediction, a rela-
tive comparison between the Attewell & Farmer-
model (Eq. 2) and the Attewell et al.-model (Eq. 
3) has been conducted within this study. The 
comparison showed that when using the same 
input data (W0 = 5000 J and r = 15 m) predicted 
vibration levels were 7.1 mm/s respectively 3.4 
mm/s. The other models all require the assump-
tion of large amounts of different input data mak-
ing a relative comparison insignificant. 

5 CONCLUSIONS 

A prediction model should be reliable in all cases 
where it is meant to be used. It is also important 
that it is relatively easy to use, the mathematical 
operations should not take days to execute and 
the input data should be readily available. This 
study shows that, as of today, such a model is 
lacking. Current empirical models have the ad-
vantage that they are easy to use and require rela-
tively small amounts of input data, however, they 
cannot be considered reliable as they tend to 
highly overestimate the vibration level. Today’s 
theoretical prediction models seem to be some-
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what more reliable, but instead they require great 
amounts of input data, knowledge and skills as 
well as time and money. The engineering models 
lack validation in order to be considered reliable; 
however, they seem to have the potential of pro-
ducing a prediction model satisfying the above 
criteria.  

A prediction model simple enough to be used 
by practising geotechnical engineers yet sophis-
ticated enough to reliably predict vibrations will 
hopefully be available in the future. In order to 
get there further research clarifying how to better 
quantify the vibration actually transferred from 
the pile to the soil and also how to better incor-
porate soil conditions into a prediction model is 
required. 

ACKNOWLEDGEMENT 

The support of the Development Fund of the 
Swedish Construction Industry, the Royal Insti-
tute of Technology and NCC Construction Swe-
den AB is gratefully acknowledged. 

REFERENCES 

[1] P.B. Attewell & I.W. Farmer. Attenuation of ground 
vibrations from pile driving. Ground Engineering, Vol. 
3(7), pp. 26-29 (1973). 

[2] P.J. Whyley & R.W. Sarsby. Ground borne vibration 
from piling. Ground Engineering, Vol. 25(4), pp. 32-37 
(1992). 

[3] P.H. Waarts & M.W. Bielefeld. Prediction and Control 
of Vibrations due to Pile Driving and Sheet Pile Vibra-
tion. Proc. 5th Int. Conf. & Ex. Piling and Deep Foun-
dations, Bruges, pp 2.11.1-2.11.6 (1994). 

[4] D. Jongmans. Prediction of ground vibration caused by 
pile driving: A new methodology. Engineering Geolo-
gy, Vol. 42(1), pp. 25-36 (1996). 

[5] S. Hintze, S. Liedberg, R. Massarsch, M. Hanson, H. 
Elvhammar, B. Lundahl & S-E. Rehnman. Omgivning-
spåverkan vid pål- och spontslagning. Pålkommissionen 
rapport 95, Linköping, 1997. 

[6] K.R. Massarsch. Vibrations Caused by Pile Driving. 
Deep foundations, summer 2004 and fall 2004 (two 
parts) (2004). 

[7] C.K. Madheswaran, R. Sundaravadivelu, A. Boomina-
than & K. Natarajan. Response of Ground during Pile 
Driving. IE (I) Journal-CV, Vol. 86, pp. 22-27 (2005). 

[8] D. Davis. A Review of Prediction Methods for Ground-
Borne Noise due to Construction Activities. Proc. 20th 
Int. Cong. on Acoustics, Sydney (2010). 

[9] J.F. Wiss. Damage Effects of Pile Driving Vibration. 
Highway Research Board Record 155, pp 14-20 (1967). 

[10] J.F. Wiss. Construction Vibrations: State-of-the-Art. 
Journal of Geotechnical Engineering Division, Vol. 
107(GT2), pp. 167-181 (1981). 

[11] P.B. Attewell, A.R. Selby & L. O’Donnell. Estimation 
of ground vibration from driven piling based on statisti-
cal analyses of recorded data. Geotechnical and Geo-
logical Engineering, Vol. 10 (1), pp. 41-59 (1992). 

[12] G. Nilsson. Markvibrationer vid pålslagning. Master 
thesis Nr 3:89, Royal Institute of Technology, Stock-
holm, 1989. 

[13] W.S. Heckman & D.J. Hagerty. Vibrations Associated 
with Pile Driving. Journal of the Construction Division, 
Vol. 104(CO4), pp 385-394 (1978). 

[14] J.M. Head & F.M. Jardine. Ground-borne vibrations 
arising from piling. CIRIA Technical Note 142, CIRIA, 
London, 1992. 

[15] P.B. Attewell, A.R. Selby & L. O’Donnell. Tables and 
graphs for the estimation of ground vibration from driv-
en piling operations. Geotechnical and Geological En-
gineering, Vol. 10(1), pp. 61-87 (1992). 

[16] M.R. Svinkin. Soil and structure vibrations from con-
struction and industrial sources. Proc. 6th Int. Conf. 
Case Histories in Geotechnical Engineering, Arlington 
(2008). 

[17] P.H. Waarts & M.S. de Wit. Does more sophisticated 
modelling reduce model uncertainty? A case study on 
vibration predictions. HERON, Vol. 49(2), pp. 119-137 
(2004). 

[18] H.R. Masoumi, G. Degrande & G. Lombaert. Predic-
tion of free field vibrations due to pile driving using a 
dynamic soil-structure interaction formulation. Soil 
Dynamics and Earthquake Engineering, Vol. 27(2), pp. 
126-143 (2007). 

[19] V. Whenham. Power Transfer and Vibrator-Pile-Soil 
Interactions within the framework of vibratory pile 
driving. Doctoral Thesis, University of Louvain, Bel-
gium, 2011. 

[20] K.R. Massarsch & B.H. Fellenius. Ground Vibrations 
Induced by Impact Pile Driving. Proc. 6th Int. Conf. 
Case Histories in Geotechnical Engineering, Arlington 
(2008). 

[21] M.R. Svinkin. Overcoming soil uncertainty in predic-
tion of construction and industrial vibrations. Uncer-
tainty in the geologic environment: from theory to prac-
tice, ASCE, Geotechnical Special Edition No. 58, pp. 
1178-1194 (1996). 

[22] V.S. Hope & D.M. Hiller. The prediction of ground-
borne vibration from percussive piling. Canadian Ge-
otechnical Journal, Vol. 37(3), pp. 700-711 (2000). 

[23] G.A. Athanasopoulos & P.C. Pelekis. Ground vibra-
tions from sheetpile driving in urban environment: 
measurements, analysis and effects on buildings and 
occupants. Soil Dynamics and Earthquake Engineering, 
Elsevier, Vol. 19(5), pp. 371-387 (2000). 

[24] D.M. Hiller & V.S. Hope. Groundborne vibration gen-
erated by mechanized construction activities. Geotech-
nical Engineering, Vol. 131(4), pp. 223-232 (1998). 

 


