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How is WP 1 embedded in the RIVAS project? 

track ground

Field testing in all WP

Modeling studies in all WP

Integrating 
activities

WP 1 Assessment and monitoring procedures 

vehicle

WP 5 Rolling stock 
solutions

WP4 Propagation 
solutions

WP 3 Track 
solutions

WP 2 Vehicle-track interaction, 
Track / Rolling stock maintenance

WP 4 Subgrade 
improvement
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Why do we have to think about applicability of results?

Different trains 
and tracks

Different 
soils

Different 
buildings

Different efficiencies for the same mitigation measures!
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Which are the resulting activities? 

Procedure to predict the reduction 
in vibration, vibration-induced noise 

and annoyance in buildings 

Measuring protocol for 
mitigation-measure 

efficiencies

Measuring protocol for 
influencing parameters 

(vehicle, track, soil)

Database used  
to store RIVAS 

results

Verification of the mitigation-
measure efficiencies in 
hotspot configurations

Procedure to transfer mitigation-
measure efficiencies from 

measuring  to reference situations

Measures ensuring the 
applicability of results in all 

European countries
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Vibration measurement

Test section

Reference section

How to detect mitigation-measure efficiencies?
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Test section Reference section

Track without measure

Track with measure

Track without measure

Control

Con
-trol

Track without measure

Combined Procedure

Installation of  the  
mitigation measure

Efficiency
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Source: RIVAS Deliverable D 1.2
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Why to transfer mitigation-measure efficiencies?

Reference situationMeasuring situation Possible 
differences

Soil parameters

Stiffening of the subsoil

Ballast 
parameters

Reference situation: 
• Track: “… For the track, the following reference 

conditions have to be used: rail UIC 60, soft rail 
pad (static stiffness of 60 MN/m), concrete 
sleeper (type B 70, 300 kg), 30 cm of ballast 
below the sleeper, sleeper distance 60 cm. …”

• Soil:  Seven reference test sites all over Europe
• Train: Freight train with Y25 bogie

Source: RIVAS Deliverable D 4.1 Source: RIVAS Deliverable D 1.2
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Which modeling approach will be used?

UR: rail uneveness, UW: wheel uneveness, AW: vehicle receptance, AR: track receptance, 
H: transfer function, vground: ground vibration level

Model based on relative displacement excitation: 

Although parametric excitation is not included in this approach, effects arising e. g. by 
stiffness variations along the track or sleeper passing effects might be considered 
under some assumptions by using an effective rail unevenness.

Assuming a linear system, changes in the uneveness does not result in changes of the 
insertion loss. A recalculation is not needed in this case. 

PROPAGATION

H: soil and track

EXCITATION
UR : rail
UW : wheel

RESPONSE
γground

INTERACTION
AW: vehicle
AR: track and soil

Source: RIVAS Deliverable D 1.2 Annex 
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Which input is needed for the transfer of data?

Vehicle 
receptance

Track receptance Soil transfer 
function

Excitation

Model including a 
simple mass-spring 
approach or multi-
body simulations 2.5 D models or FEM with adapted boundaries

Stiffness and 
damping of 

resilient elements 
in the vehicle

Stiffness and 
damping of 

resilient elements 
in the track

Dynamic soil 
parameters

Model  based on 
relative displacement 

between wheel and rail

Rail uneveness 
(rail roughness, 

track irregularities, 
stiffness variation) 

Wheel out-of-
roundness

Source: RIVAS Deliverable D 1.2 Annex 
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Example: How to determine dynamic soil parameters?

Assumptions: layered elastic half-space where material properties vary only in the 
vertical direction and small strain behavior prevails

1. Step:  Study existing data 
concerning the soil layering and 
dynamic characteristic of each 
layer

2. Step:  Soil samples are taken 
for determination of the mass 
density, void ratio and degree of 
saturation in laboratory

Result: 
Source: RIVAS Deliverables D 1.1 
and D 1.2 Annex 

3. Step:  Combined measurement of 
„Spectral Analysis of Surface Waves” 
and “Seismic Refraction Test” 
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Source: E. Berggren, doctoral thesis, 2009 

Track stiffness measurement
Example: Swedish measurement 
car RMSV

Alternative measurement method

Based on the relative displacement between rail and 
sleeper and the sleeper deflection

Further measurement procedures for rail and wheel uneveness, transfer functions, 
stiffness of track components, … 

Example: How to measure the track stiffness? 

Source: RIVAS Deliverable D 1.2 Annex 
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How to transfer vibrations measured at 8 m to 
vibrations / vibration-induced noise inside buildings?  

Source: RIVAS Deliverable D1.6

Noise 

Vibration-
induced 

noise

Measuring 
position

Transfer function is separated in four parts: 
TF1 from 8 m to building location
TF2 from ground to building foundation
TF3 from building foundation to floor
TF4 from floor to ground-borne noise

Results: 

TF2: The VIBRA-2 model will be used in 
the case of normal ground. Variations for 
softer or harder soils and taller buildings 
are proposed. 

TF 3: The VIBRA-2 model will be used  
for concrete floors (average floor 
resonance frequency of 31.5 Hz) and 
wood floors (average floor resonance 
frequency of 16 Hz) 

TF4: A model based on the sound radiation 
of floors and ceilings will be used. 

Procedure: Measured data from more 
than 20 buildings have been used to 
find the best suited models. Standard 
variation of 5 dB is accepted.
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How to predict the annoyance inside buildings?  

Proposal for descriptors: 
Maximum values describing the sleep 
disturbance and traffic-oriented values 
describing the annoyance are needed for 
both, vibrations and vibration-induced noise.

Source: RIVAS Deliverables D 1.4 and  D 1.6

For vibration, exposure-response relationships from studies in Norway and the USA (maximum 
values) as well as in the UK (traffic-oriented values) can be used. For ground borne noise, only 
exposure-response relationships based on maximum values are available from a study in the USA.

Exposure-response relationship
Descriptor: statistical 95-percentile max of running rms (time 
constant Slow) Wm-weighted velocity (floor at mid span).

Source: Klæboe , Applied Acoustics, 64, 89-109.

Matlab procedure to calculate descriptors
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Which hotspots will be used for the final tests? 

Source: RIVAS Deliverable D 1.5

Reference cases have been 
defined as typical situations where 
many people can be protected by 
mitigation measures leading to a 
relevant vibration reduction. 

Three reference cases: 
• Upgrade of an existing line
• Existing freight line 
• A track with vibration problems due 

to soft soil

Situation without 
mitigation measures

Situation with mitigation 
measures
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How to store and exchange the data?  

Vibration 
measurements

Soil 
characterization

Track  / vehicle 
characterization

Building 
characterization

Excitation 
characterization

Storage of 
data

RIVAS Database
Template:

Source: RIVAS Deliverable  D 1.3
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How to develop a reference test track? 

Source: RIVAS Deliverable D 1.7

Proposal: Very stiff track 

vehicle

track

track with 
soft rail pads

Vehicle 1 Vehicle 2 Vehicle 3

Starting with listing a range of possible track 
and train parameters, a  reference test track 
will be developed which can be used to 
measure vibrations from different trains.
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Development of field and laboratory tests with artificial excitation

Field measurement with and without preload 

CEDEX track box 

Which alternative measuring procedures do exist? 
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What else has to be done in WP 1?

Further work to be done until the end of the project: 

� Validation and simplification of the transfer procedure

� Decrease of exposure and annoyance associated with mitigation measures

� Recommendations to standards and specifications 

Thank you for your attention!

Visit our website www.rivas-project.eu.

� Benchmark tests for soil properties
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Backup
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Backup: Transfer of data
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Backup: Transfer of data
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Primary descriptor calculation

Backup: Descriptors
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Backup: Descriptors

Traffic descriptor calculation
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Backup

Spectral analysis of surface waves (SASW)

Results: 

Shear wave velocity and 
damping parameter of 
shallow soil layers 
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Backup

Seismic refraction test:

Based on the directional change of a wave when it crosses an interface between

two layers with different mechanical properties.

Result: Dilatational wave velocity 
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Backup

Measuring protocol: Distance of 8 m?  

Results from the research 
project: 

“Schwingungsausbreitung an 
Schienenverkehrswegen
(vibration propagation from 
railway lines)”, final report 
1980

Distance

Vibration reduction at 16 Hz as a function of the 
distance. Data taken from different studies. 


