
  

The forth Nordic Ground Vibration Day Trondheim 18th of October 2018 

Time Author Topic 
09:15 -10:00 Registration and coffee 
10:00 -10:15 Introduction 
10:15 - 11:00 Professor Alain Holeyman 

Université Catholique de 
Louvain 

Bengt Broms lecture 
Dynamic Near-field Soil-Pile Interaction 

11:00 -11:20 Anders Beijer Lundberg 
ELU Konsult AB 

Dynamic pile load testing of steel tubular piles 
drilled into Precambrian rock 

11:20 -11:40 Yeganeh Attari 
NTNU 

Predicting Pile Driving Induced Movement in 
Gothenburg Soft Clay 

11:40 - 12:00 Jörgen Johansson 
NGI 

WP4 – Remedy 
Vibrations induced by construction activity  

12:00 - 13:00 Lunch 
 

13:00 -13:20 
 

Jacob Egede Andersen 
COWI A/S, Denmark 

Empirical model for prediction of piling 
induce induced vibrations in urban areas 

13:20 - 13:40 Lars Vabbersgaard Andersen, 
& Paulius Bucinskas 
Aarhus University 
Peter Persson, Lund University 

A simple-to-use program for assessment of 
vibration propagation in layered soil 

13:40 - 14:00 Anteneh Biru Tsegaye 
Multiconsult 

Cyclic state dilatancy model (CStaD) 

14:00 - 14:30 Coffey break  
14:30 - 14:50 Jörgen Johansson 

NGI 
Frequency dependent equivalent linear 
foundation stiffness and damping 
 

14:50 - 15:10 Jonas Majala 
Luleå Tekniska Universitet 

Frequency analysis of accelerometer 
measurements on trains 

15:10 - 15:30 Rikke Bryntesen and  
Samson Degago  
SVV 

Some experiences from vibration 
measurements due to blasting activities near 
quick clay areas 

15:30 – 15:45 Closing remarks 
16:00 – 16:30 Tour in the geotechnical laboratory and NTNU 
 
19: 00 Dinner -  Place to be decided There will be a separate registration for the 

dinner. The dinner is not covered by the 
registration fee. 

 

 



Dynamic Near-field Soil-Pile Interaction 

A. Holeyman 

Université catholique de Louvain, iMMC, GeoMEM, 1348 Louvain-la-Neuve, Belgium 

Abstract  

This 2018 Bengt Broms lecture reviews some recent analytical, numerical, and experimental advances 

in the modelling of the axial nonlinear dynamic interaction between a single pile and its embedding 

soil. Transmission of energy from the boundary conditions to various types of waves is discussed, 

leading to specific attenuation laws within the elastic range. The lecture emphasizes the importance of 

accounting for non-linearity within the near-field when assessing vibration levels and attenuation in 

the environment. 

On one hand, analytical solutions are developed for assessing the nonlinear axial dynamic response of 

the shaft of a pile subjected to dynamic loads, and in particular to vibratory loads. Radial 

inhomogeneity arising from shear modulus degradation is evaluated over a range of parameters and 

compared with those obtained by other authors and by a numerical radial discrete model simulating 

the pile and soil movements from integration of the laws of motion. Approximate non-linear solutions 

for axial pile shaft behaviour developed from general elastodynamics are presented and compared to 

existing linear solutions. On the other hand, the lecture will review models striving to assess the 

nonlinear axial dynamic response of the soil at the pile base subjected to dynamic loads, and in 

particular to vibratory and impact loading.  

The soil non-linear behaviour and its ability to dissipate mechanical energy upon cyclic loading are 

shown to have a significant influence on the mechanical impedance provided by the surrounding soil 

against pile movement, as illustrated by several examples. Limitations of the over-simplified 

modelling of pile response and vibration attenuation are highlighted.  

 

 

Shear modulus degradation about a pile shaft vertically oscillating in a soil governed by a hyperbolic 

stress-strain relationship, according to different approaches  
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Abstract: Dynamic pile load testing of steel tubular piles 

drilled into Precambrian bedrock 

 
Anders Beijer Lundberg, ELU Konsult AB, Stockholm, Sweden 

 

The execution and interpretation of dynamic pile load tests depend on the dynamic load 

transfer mechanism of the pile, which is governed by the pile type and the local geology. The 

Precambrian crystalline bedrock of the Fennoscandian shield in the Scandinavian region is 

suitable for end-bearing steel piles drilled into the bedrock and tested with high-strain 

dynamic pile load testing to assess the bearing capacity. Well-executed such piles display a 

very small final deformation during pile load testing, and consequently mainly the end-

bearing resistance is mobilized. The uncertainties associated with dynamic pile load testing 

are therefore different from pile types where the shaft resistance dominates the pile bearing 

capacity. The execution of such piles load tests is discussed in the detail, examples are 

elaborated, and the reliability of a pile group is evaluated in the context of the Eurocode.      



Predicting Pile Driving Induced Movement in Gothenburg Soft Clay 

Attari, Y., Doherty. P, Quigley. P, Lusack. N. 

Extensive depths of extremely soft clay underlying Gothenburg, Sweden poses significant challenges 

on constructing deep foundations. Pile driving in these deposits causes lateral soil expansion and can 

stress adjacent pile foundations.  

This presentation illustrates the procedures used for predicting soil movements induced by driving 

350 precast reinforced concrete piles up to 40m long to support “Gamlestad Torg”, an 18-storey 

development in Gothenburg, Sweden. The highly-constrained site is surrounded by double tram 

tracks, the Gamlestad Bridge and adjacent pile foundations for buildings and structures. Accurately 

modelling pile installation and quantifying the level of interaction and soil movement between the 

new piles and adjacent sites were the main geotechnical challenge. 

The analyses were undertaken by using Volumetric Expansion features in Plaxis 3D to simulate 

volumetric soil strains. The numerical solution was initially validated by modelling a single pile 

expansion and calibrations were fitted against empirical data using Shallow Strain Path Method 

(SSPM).  Following validation, the numerical analysis was expanded to take into account multiple pile 

installations using a ‘superpile’ approach. This methodology allowed groups of smaller piles 

supporting the structure to be represented as single ‘superpiles’ which were expanded to the 

equivalent volume of soil displaced by the sum of the actual piles. The models also considered the 

effect of pre-boring the ground before installing the driven pile as a mitigation-measure. Later, the 

existing foundations of adjacent bridge structures and railway were incorporated into the model as 

confidence grew about the methodology.  

During construction phase, heave and lateral displacement were measured on site and the predicted 

movements of the soil were seen to accurately represent the lateral displacements observed during 

pile driving. As a result, The Gamlestad project was successfully completed with no negative impact 

on surrounding structures. 

 

 



Empirical model for prediction of piling induce induced vibrations in urban areas  
 
The need for increased infrastructure in densely populated urban areas usually requires construction 
activities involving use of piling equipment that generates vibrations. This has in many European 
countries often turned out to conflict with environmental regulations for vibration comfort and 
structural borne noise in neighbor buildings. Estimates for vibrations and structure born noise 
induced by different piling methods can be predicted, whereby vibration mitigations can be 
introduced in early design stages. For different types of stakeholders like Municipalities, 
infrastructure owners like Copenhagen Metro Cityringen and contractors detailed vibration 
investigations have been carried out in order to calculate estimates for each tenant facing work sites 
where piling in dense urban areas have been planned. By use of the COWI semi-empirical model for 
vibration estimates different piling methods are assessed taking into account local geology, building 
foundations and construction types. The predictions have been validated based on calibration of the 
model by use of fullscale measurements of dynamic properties for typical buildings using a 6 ton 
seismic vibrator as energy source applying the source signal at the foundation and by measuring 
vibration levels during construction for cases where the vibration levels first have been estimated. 
The likeness of building types in the model and real buildings to model are judged by spot 
measurements of ambient vibrations at random selected tenants around the work sites. Combined 
with knowledge of source level for the construction activities the vibration and structural noise 
levels at different locations of the buildings surrounding the work sites have been predicted. The 
impacts on residential and business areas as well as the impact on particular sensitive buildings have 
been evaluated with respect to human comfort, structural noise and building damages. The 
predicted vibration estimates and durations are also compared to the ruling environmental limits. 
Example case stories for use of the model will be presented. 
 
 
________________________________ 
 
Jacob Egede Andersen. Ph.D.  
Market Director, Dynamics  
Bridge, Tunnel & Marine Structures 

 
COWI A/S                           Tel           +45 5640 0000 



A simple-to-use program for assessment of vibration propagation in layered 
soil 

Lars Vabbersgaard Andersen & Paulius Bucinskas 
Department of Engineering, Aarhus University, Aarhus, Denmark 

Peter Persson 
Department of Construction Sciences, Lund University, Lund, Sweden 

Abstract: Construction work inevitably leads to ground vibration. Pile driving, excavation work, 
heavy traffic and other activities at construction sites cause annoyance to people in the surrounding 
environment, and strong vibrations may ultimately cause damage to neighbouring structures. In 
homogeneous soils, the ground-vibration level generally decreases with distance from a given 
source. However, real soils are layered. The stratification may imply complex wave-propagation 
phenomena that are not easily analysed by simple methods, e.g. attenuation relationships. Thus, 
reliable prediction of ground-vibration propagation in the frequency ranges relevant to structural 
dynamics, whole-body vibration or re-radiated noise in buildings requires sophisticated models. 
However, the quality of input data available at early design and construction stages is usually very 
low—especially regarding the dynamic soil properties—and analysis by, for example, three-
dimensional finite-element analysis of ground vibration may not be realistic in most construction 
projects. Hence, an alternative approach is suggested to aid decision making and risk assessment 
related to ground vibration: Based on prior knowledge of the overall soil stratification, e.g. from bore 
logs, the dynamic soil properties and layer thicknesses are estimated in a probabilistic manner, i.e. in 
terms of assumed (possibly correlated) probability distributions. Simulations are then carried out to 
obtain confidence limits for the transmission loss between a source and the observed vibration level 
at a number of points placed at various distances from the source. The underlying model assumes 
horizontal stratification of the ground, allowing calculations at about 100 frequencies to be carried 
out in about two seconds on a laptop computer. A simple-to-use freeware program, requiring 
minimum input by the user, has been developed as part of the Interreg project “Urban Tranquility”. 
A short introduction to this program will be given, and prospective users are invited to discuss future 
developments of the software. 
 

 



 



Author: Anteneh Biru Tsegaye 

 

Cyclic state dilatancy model (CStaD 

Cyclic State Dilatancy model (CStaD) is a constitutive model developed for handling both monotonic 

and cyclic behavior of mainly frictional materials. The model includes a new hyperbolic hardening 

rule for describing the mobilization of shear strength with monotonically increasing/cyclic plastic 

shear strains and new dilatancy formulation for handling of plastic volumetric changes and pore 

pressure accumulations during cyclic loading. Furthermore, stiffness at small strains and change of 

stiffness during change of loading direction is imbedded into the model by adopting the so-called 

intergranular strain concept that was developed and integrated with the hypo plastic models. The 

model can simulate void ratio accumulation during application of cyclic shear under drained 

condition and accumulation of pore pressures during cyclic undrained shearing. The model is 

implemented in Plaxis as a user defined soil model and can also be readily used in Abacus. The earlier 

version of the model is already a standard model in Plaxis 3D. There, it is called UBC3D-PLM model. 

In this paper, a brief description of the model and some illustrative analysis results will be shown. 



Frequency dependent equivalent linear foundation stiffness and damping. 
 
Abstract: 
Understanding the dynamic or cyclic foundation behaviour is often necessary to design structures 
subjected to storm or earthquake loads, or for predicting vibrations from construction activities. We 
investigated the response of a vertically oscillating offshore wind monopile foundation subjected to 
loads of different amplitudes in the frequency range from 0-10 Hz in an axi-symmetric frequency 
domain FE-model. The non-linear soil behaviour is modelled with an equivalent linear method with 
shear modulus reduction and damping curves as input. Computed frequency dependent stiffness 
and damping is in good agreement with a Green's function based solution. We present load- and 
frequency dependent vertical foundation stiffness and damping for loads of up to 75% of computed 
vertical static capacity. The foundation stiffness reduces and damping increases with increasing load 
amplitude. Soil inertia and damping have frequency dependent counteracting effects on the 
foundation damping. Existing pseudo-static methods for computing foundation damping give 
reasonable results for low loading frequencies, for higher frequencies the dynamic equivalent linear 
method is recommended. This frequency dependency is problem specific, and in our case 
foundation damping was overestimated for 0.35 Hz and underestimated for 1 Hz. The soil non-
linearity has only a small effect on the added mass and the radiation damping behaviour. The 
equivalent linear analysis give higher foundation stiffness and lower foundation damping due to 
dynamic effects which are not captured by pseudo-static analysis often used in design. 
 
Jörgen Johansson 



Frequency analysis of accelerometer 
measurements on trains 

 

J. Majala1), J. Laue2) 
1)Luleå University of Technology 
2)Luleå University of Technology 

 

Abstract 
Ballasted railway systems are increasingly affected by higher dynamic loads, 
either by high speed trains or heavier freight trains. Consequently, from a 
geotechnical perspective the ballast and subgrade is primarily affected by 
degradation or rearrangement of soil particles. However, phenomenon as 
liquefaction can occur if the soil consists of water saturated coarse material. 
Regardless of which phenomenon the soil is affected by, the outcome is 
settlements.   

This paper presents frequency analysis of accelerometer measurements on trains 
which provide information of the soil response due to dynamic loading for long 
railway sections. The interpretation of the analysis considers in particular the 
Eigen frequencies of track components and soil layers. Analytical calculations of 
expected ballast and soli layer Eigen frequencies are performed for the studied 
railway sections. Through the analysis good correlation is obtained between the 
expected Eigen frequencies and the measurement results. Thus, the influence of 
dynamic loading on various soil layer and ballast has been possible to assess. The 
most critical consequence that can occur in the studied sections is liquefaction, 
because of resonance of the water saturated subgrade, which induce pore pressure 
increase and consequently a decrease of the effective stresses. These results in 
reduced bearing capacity followed by settlements.  

Accelerometer measurements on trains enables assessment of soil layer 
thicknesses along railways through back calculation, using the detected 
resonance frequencies related to known soil types. Applicable use for this 
method would be old railway tracks where little or no information exists of the 
soil conditions. Thus, conventional borehole sampling could be reduced. 
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Fist name, Surname: Jonas Majala  
Gender: Male 
Academic Title: PhD Student 
Company, Department: Luleå University of Technology, Civil, Environmental 
and Natural Resources Engineering 
Adress: 971 87 Luleå 
Tel: +46 (0)920 493234 
Fax:  
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internet: www.ltu.se 
 



Some experiences from vibration measurements due to blasting activities near quick clay 
areas  
 

Abstract  
The guidelines practiced in Norwegian Public Roads Administration (NPRA) identifies 
vibrations induced due to blasting as one of the triggering factors of quick clay slides. As a 
result a vibration limit was introduced in the NPRA handbook since 2009. In collaboration 
with the industry, a research on this requirement has been carried out, resulting in a 
Norwegian standard (NS8141-3:2014).The standard is used as a practical guideline to assess 
effects of vibrations from blasting on triggering landslides in quick clay. The guideline is 
relatively new and gives several important details than the initial requirement set in NPRA 
handbook. However, there is still a room to improve it and a need to incorporate more 
aspects that could only be apparent when one tries to practice it. 
In this work, vibration measurements obtained from basting activity near quick clay areas 
are presented and discussed in light of the guideline. The work include experience from 
several projects carried out by NPRA. In these projects rock blasting is done near quick clay 
areas, including one area with a critical initial stability. Several vibration measurements have 
been conducted. Installation of vibration sensors is seen to significantly affect the results. As 
a result, an attempt is made to install sensors in different variants with an aim to get a 
consistent and acceptable result. This presentation gives vibration measurement along with 
various installation procedures. Based on these road projects from NPRA, experience on use 
of this guideline in practice is presented briefly. 
 

Rikke Bryntesen and Samson Degago 
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