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VIBSOLFRET: ground vibrations induced by 
freight traffic, from the track to the building

DEUFRAKO seminary, Munich the 27th october 2010



OUTLINE

Context

Measurement campaign: freight specificities with regard to induced ground vibrations
- Global indicators in free-field and in building
- spectral analysis

Numerical parametric study
- building structural parameter influence
- track mitigation measures influence
- Lab tests



Context

Ground vibrations induced by railway traffic in the vicinity of tracks is a growing environmental 
issue

Freight traffic caused more annoyance because of:
- A heavier axle load
- A more important wheel roughness

Within this frame, SNCF, CSTB and SATEBA have started a research project dedicated to GV for 
freight traffic:

- To quantify the specificities of freight traffic, in comparison to passenger one, in term of ground 
vibrations induced in free field and in buildings near the track,

- To develop reduction solutions on the track, adapted to freight traffic and particularly to heavy 
axle loads

Project funded by ADEME
SNCF contribution funded by RFF



Measurement campaign

Building equipped 
with sensors
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Measurements carried out near a passenger station: 

-> the passenger rolling stock decelerates on the 
measurement sites whereas freight rolling stocks run at 
full speed



Global indicators

Calculation of indicators
– (aw)rms from the standard ISO 2631 

where

– Calculation of KB from
the standard DIN 4150 (in french…)
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Type Site description
Value for one day cycle

Au Ao Ar

1 Industrial site 0.4 6 0.2

2 Site with commercial activities 
predominance 0.3 6 0.15

3
Site with neither commercial 

act. nor residential act. 
predominance

0.2 5 0.1

4 Site with residential act. 
predominance 0.15 3 0.07

5 Protected area (hospitals, 
health establishment) 0.1 3 0.05



Measurement in free-field 
global levels

ISO 2631 indicator: (aw)rms for passenger traffic and freight traffic

Higher levels for freight traffic

The slowest freight rolling stock implies level of the same order of magnitude than passenger 
train. The speediest passenger train implies level of same order of magnitude than freight train

Perceptive threshold Perceptive threshold

Freight trains Passenger trains



Measurement in building: 
global levels

ISO 2631 indicator: (aw)rms for passenger traffic and freight traffic, at the center of the ground floor slab
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Higher mean value for freight traffic: !!! The speeds of passenger trains are particularly low

The slowest freight rolling stock implies level of the same order of magnitude than passenger 
train. The speediest passenger train implies level of same order of magnitude than freight train

Perceptive threshold Perceptive threshold



Measurement in building: 
global levels

Position du 
capteur FTrKB  

Type de zones vérifiant le critère 

FTrKB < Ar 
Position du 

capteur FTrKB  
Type de zones vérifiant le 

critère FTrKB < Ar 
Mesures en champ libre Mesures au droit et dans le bâtiment 

3 m 0.14 1, 2 3 m CSTB 0.13 1, 2 
6 m 0.06 1, 2, 3, 4 Lv Xmur2 0.02 1, 2, 3, 4, 5 
9 m 0.05 1, 2, 3, 4 Lv Xmur1 0.03 1, 2, 3, 4, 5 

12 m 0.03 1, 2, 3, 4, 5 Lv XSS1 0.05 1, 2, 3, 4 
17 m 0.01 1, 2, 3, 4, 5 Lv XSS2 0.04 1, 2, 3, 4, 5 
20 m 0.01 1, 2, 3, 4, 5 Lv ZVasista 0.01 1, 2, 3, 4, 5 

   Lv RDC1 0.07 1, 2, 3 
   Lv RDC2 0.04 1, 2, 3, 4, 5 
   Lv RDC 0.03 1, 2, 3, 4, 5 

 

Second validation 
criteria

DIN 4150-2 indicator: KBF for passenger traffic and freight traffic

Measurement in building are more discriminatory than free-field measurement



Measurement in free field: 
spectral analysis

Spectra of the acceleration RMS integrated on pass-by duration

Freight RS at 31km/h Passenger RS at 40km/h

In free-field, the spectral distribution (of the entire pass-by signal) is globally the same one, 
between freight RS and passenger RS, as long as the pass-by speeds a re in the same order 
of magnitude



Measurement in building 
Spectral analysis

Spectral contributions inside the building is mainly driven by the modal behaviour of the building 
structure:

-In low frequency, no energy is transmitted from the track

-In middle frequency, between 15Hz and 100Hz, the highest level correspond to a resonance of 
the floor of the building, around 31.5Hz

-In high frequency, even with energy and modal resonances, the levels are low because of 
modes that do not correspond to ground floor slab displacements at its centre



Measurement campaign: 
Freight vs passenger RS 

the measurement campaign allows concluding that:

- rolling stock pass-by speed is the most influent parameter on the acceleration magnitudes, in 
free-field environment as well as in building

- freight rolling stock in the range 90-100km/h and passenger trains in the range 50-150km/h lead 
to the same order of magnitude of the (aw)rms levels. Same spectral shapes are observed for 
both rolling stock types



Parametric study

Second phase: search for mitigation measures on track adapted to heavy axle load 

This is firstly carried out through numerical simulations, to characterize:

- The influence of building structure on the vibration induced in the centre of the ground floor slab, 
with the software MEFISSTO developed by the CSTB (not presented here)

- The influence of track dynamic parameters on the vibrations transmitted to the ground



Parametric study: 
Mitigation measures on track influence 

Effect of mitigation measures given through an insertion loss at the interface between track and 
ground

Tested parameters are:
- rail pad stiffness, 
- under sleeper pad stiffness, 
- under sole-plate pad stiffness, 
- ballast height, rail mass, 
- sleeper mass, 
- sleeper spacing 
- soil stiffness

Combinations of various mitigation measures have also been tested

Static deflexion is also calculated to ensure that the track deflexion corresponds to the standardized one

Diagrammetric representation of the track in 
CASC.voie, software CSTB



Parametric study: 
mitigation measures on track influence

Example of results for a combination between undersleeper pad various stiffness and 
different types of soil
Reference: regular ground with a USP stiffness of 200MN/m

A significant effect is considered with a positive insertion loss, greater than 3dB

Freight Passenger train

1/3rd oct band (Hz) 40 50 63 80 40 50 63 80

Regular ground / USP 50MN/m * -1.3 -0.5 3.3 9.2 -1.9 -3.3 -3.8 3.0

Regular ground / USP 100MN/m -0.6 -0.8 -0.3 2.6 -0.6 -1.0 -1.9 -2.2

Regular ground / USP 400MN/m 0.3 0.5 0.8 0.1 0.3 0.5 0.9 1.6

soft ground / USP 50MN/m * -3.0 -4.2 -1.3 6.1 -3 -4.3 -6.4 -1.3

soft ground / USP 100MN/m -1.0 -2.1 -3.4 -1.5 -1.5 -1.8 -2.6 -4.1

soft ground / USP 400MN/m 0.5 0.5 0.2 -1.6 -0.4 -0.1 0.4 1.2

stiff ground / USP 50MN/m * 2.1 6.2 10.0 14.4 0.8 -1.4 1.2 8.8

stiff ground / USP 100MN/m -0.3 2.1 5.6 8.7 3.2 0.7 -0.4 2.0

stiff ground / USP 400MN/m 0.7 0.4 2.3 4.3 4.8 3.0 2.0 2.6

* Not acceptable in term of static deflexion



Lab test 

Since the parametric study, lab tests have been carried out in SATEBA by CSTB to test, under 
different static loads, the insertion loss obtained on the vibration velocity with:

-Various under sole-plate pads
Getzner U Sole-plate P
EDILON U Sole-plate P

-Various under sleeper pads
Getzner USP

CDM USP



Lab test 
Under sole plate pads

Insertion loss for 5 pads: 
A standard one, a Getzner one and 3 

EDYLON different thickness

(a) Static load = 30kN

(b) Static load = 60kN

(c) Static load = 90kN

(d) Static load = 120kN

-> no real impact of under sole-plate 
pad, on the frequency range of 
interest ie 31.5Hz to 50Hz



Lab test 
Under sleeper pads

Insertion loss for 2 pads: 
A standard one, a Getzner one and CDM 

one

(a) Static load = 30kN

(b) Static load = 60kN

(c) Static load = 90kN

(d) Static load = 120kN

+ test with a "vibration short-circuit" 
caused by the ballast surrounding 
the sleeper

-> no real impact of these 2 pads for 
frequencies between 31.5Hz and 
50Hz

Moreover, rail and sleeper vibrations 
increase with these USP between 
100Hz and 200 Hz  (-> noise could 
increase…)



Conclusions

Measurement campaign on freight specificities:
- in free field, acceleration global levels induced by freight or passenger trains are equivalent, 

with the same spectral distribution
- in buildings, the equivalence between global levels remains and the spectral distribution is 

completely determined by the building modal behaviour. 
- for a given site of measurement, the main parameter on global acceleration levels is the pass- 

by speed
- differences between freight and passenger traffic can be observed on time-signal because of 

high variability of freight induced vibration

Parametric study: vibration mitigation measure development has to take into account:
- the building structure, 
- the ground stiffness, 
- the particular excitation driven by roughness, unsprung mass and pass-by speed
- The representative frequency range for human annoyance due to vibrations (around 10Hz) 
- (and re-radiated noise…above 100Hz)

-> dedicated mitigation measures have to be developed, depending on each site and traffic
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Thank you for your attention



Parametric study: 
Buidling structure influence

- minor variations of the ground floor slab thickness (thickness between 15 cm and 25 cm, real 
thickness being equal to 18 cm) do not impact the vibration levels on the slab but shift the 
eigenfrequencies of the structure (1)

- variations of the façade wall thickness (from 20 cm to 40 cm, real one being equal to 40cm) 
impact the vibration inside the building; the thinner façade wall reacts much more to the 
ground vibrations (because of the mass effect) and therefore transmits higher energy to the 
entire building (2)

- an increase of the floor slabs span implies higher vibration levels inside the building, in lower 
frequency range: the slab becomes more flexible (3)

(1)

(2)

(3)



Measurement in building 
Time signal

Going in search of the factor of differentiation between freight traffic and passenger one…
(sensor in the building at the centre of the ground floor slab)
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Passenger RS at (3) Freight RS at (2)

The time signal induced by the freight pass-by present very high level occurencies, in 
regards with passenger time-signal

Averaging time of 1s


	VIBSOLFRET: ground vibrations induced by freight traffic, from the track to the building
	OUTLINE
	Context
	Measurement campaign
	Global indicators
	Measurement in free-field�global levels
	Measurement in building:�global levels
	Measurement in building:�global levels
	Measurement in free field:�spectral analysis
	Measurement in building�Spectral analysis
	Measurement campaign:�Freight vs passenger RS 
	Parametric study
	Parametric study:�Mitigation measures on track influence 
	Parametric study:�mitigation measures on track influence
	Lab test 
	Lab test�Under sole plate pads
	Lab test�Under sleeper pads
	Conclusions
	Thank you for your attention
	Parametric study:�Buidling structure influence
	Measurement in building�Time signal

