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Test Track Low Frequency Vibrations Reducing Measure Near Qosthuizen

Stuit, Herke G

Holland Railconsult

PO Box 2835

NL-3300 GW Utrechl, the Netherlands

ABSTRACT

Paper No. 4.03

Al the railway linc north of Amsterdam the substructurc of the truck has been reconstructed to reduce vibrations at lower
frequencies. Such s measure is sought {or in lhe western Holland area where people arc annoyed by ratlway traffic vibrations. Over a
length of 300 m a (.45 m thick concrete slab has been installed directly under the ballast layer. The thickness of the concrete plate
has been determined by numerical calculations. To be able to compare the effect of the concrete slap a cxisting track with heavy
passcnger train traffic a representative weak scil profile has been chosen for a test site, which was found at the Oosthuizen. At this
test sile an extensive sel of vibration measurements have been conducted to determine the effect of the taken measure and to validate

the nsed numerical procedure o predict the vibrations.
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INTRODUCTION

Duich Rail manage and cxploit all the main railways in the
Nctherlands, [n the recent vears Dutch Rail is more and more
confronted with complaints of annoyance by perceptible
vibrations duc to raitway traffic. These vibrations are caused
by a morc inicnse usc of the current rail infrastructure by
using heavier axle loads and increasing trainspeeds. In the
near future the cafl for reducing vibrations for rail (raffic will
be larger when all the planned new railinfrastucture in the
Netherlands has been completed. The wvibrations originate
from the dynamic forees induced by a train passing on the
track. The vibrations will pass through the trackhed into the
underlying soil and propagatce (o the dwellings next 1o the
railway track. Immissions in buildings are normally harmless
for the buildings as such. but they can be very annoying for
the people living there.

In the western part ol the Netherlands we have to deal with
wecak soil layers of organic peat and weak clay. Dominant
frequencies under these conditions with heavy (rains arc
around 5 Hz Current vibration reducing methods. like

restlient elements, rubber mats, clc., have no effect on these
low frcquencies. However. to be able to reduce vibrations
from railway (raffic in the future Dutch Rail is perfornung
research into new measurcs specific for the Dulch situation.

By means of a prototvpe test at a test track nearby
Oosthuizen, about 25 km north of Amsterdam, the effect of a
new design of the trackbed has been investigated. The aim of
new design is 1o reduce amplitude the low [requency
vibrations significantly at the substructure of the track. The
lested new design consisted of a concrete slab directly under
the ballast layer of the track. In one weekend the exisling
track has been converted in the new design for a 300 m long
streich. Rebuilding the track in such a short period of time
had special specifications 1o the design of the conerete slab.

The dimensiens of the concrete slab have been determined by
a series of numerical procedures in advance. With these
calculations the cffect of the concrete slab 1s determined in
termns of reduction of the displacements at the trackbed and
the reduction of the vibrations an the free ficld.




For the venfication of the effect of the concrele slab in situ an
cxtensive sct of vibration mcasurements were taken. These
measurements were taken at the track, the ballastlayer, at the
interface of substmacture and the ground and at several
locations on the soil surface at several distances from the
track. The vibrations have been measured before and after the
construction of the concrele slap at the test site and at a
reference site with comparablc geotechnical profile.

[n general the numerical results compare well with field
measurements of the original situation and the new situation
on the trackbed. However, the results of the mcasuremenis
near the test track do not agree with the calculations.

DESIGN OF THE MEASURE

The basic principle of this trackbed design is to spread the
stresses of an axle load over a larger area resulling in a
smaller amplitude of the displacements. The spread of the
stresses in the longitudinal direction has been realised by
stiffening the substructure. The stiffening of the substructure
has been realised by o concrete layer directly under the
ballastiayer of the existing track. To ensurc the spread of the
trainload in the longitudinal direciion no discontinuities in
the concrete slab arc allowed. Therefore slab is made as a
continues construction.

For the test a 300 m long track has been reconstructed with a
concrele slab under the ballastlaver. The construction of the
concrete slab is complicated due to the fact the reconstruction
18 carried out in a existing track. The reconstruction of the
track had to be done in ong weckend. while the second track
is still in service. The short construction period madc it
necessary 1o use a high quality concrete, which had enough
strength to carry a trainlead alier 24 hours. Keeping the
second track in service makes it difficult to work and special
measures has to be taken to restrain the track in service from
deforming. A sheel pilc wall installed between the two (racks
should hold the sccond track.

Figures 1 to 4 show different stages 1n the construction of the
concrete slab, At the first stage the temporally sheet pile wall
is installed between both tracks. In the next stage the rail,

sleepers are removed together with the ballast and the sand of

the substructure. The cxcavation is levelled, the shnttering is
installed and the reinforcement is manually placed. Tn the
third phase the concrete is poured and left o harden for 135
hours. In the last stage the ballast is brought back into place
followed by the sleepers and the rails.
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Fig. I Phase 1 installation of the temporary sheet pile wall
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Fig. 2 Phase 2, removal of the mack, excavation and
shutlering

- continues concrete

Fig. 3 Phase 3, pouring concrete, 0.45m thick, 3.50m wide_

arntd 300m long.

recohstruction of the track

m

Fig. 4 Phase 4 reconstruction of the wack.




With the sheet pile wall and the shuttering installed a space
of 3.50 m remained for (he concrete slab. This width was just
wide enough lo carry cffectively the trainload by the concrete
plate. The prediction calculations showed that a 0.45 m thick
slab gives a significand clfect in reducing the vibrations at the
track. A 0.30 m thick plate gives at higher train speeds only a
poor result. Thicker plates showed only a marginal increase
of the effect of the trackbed stiffening.

GEOTECHNICAL PROFILE

To be able 1o comparc the cffect of the concrete slab two
scrics ol vibration measurements have been perfermed, one
before and one afler the rcconstruction. To check the
reproducibility of ihe two serics, rclcrence measurements
have been performed at a 300 m reference track. For the
reference track it is required that the geotechmical profile,
with cmphasis on the dynamical behaviour. is identical to the
profile of ihe 1cst track. For the test and reference track a total
length of 600 m track with idcntical material parameters is
required.

At Qosthuizen a track of 1.2 km was available. The profile at
this location has been cxamined by CPT's.

test track . reference

23 23.2 i 23.4 23.8
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The soil profile between track kilometres 23.0 and 23.6 is
until a depth of 12 m identical. Table 1 gives an overview of
the prafile, which consists of 10 m thick weak soil profile
representative for the Western part of the Netherlands. At
lower depths the profile varics a bit along the selected track.
From km 23.0 to km 23 .4 runs sand layer, which absent along
the rest of the track.

Table | Geotechnical profile for kem 23.0 10 23.6.

depth soil layer soil type dynamic
in reference to surface level elasticity
[m] modules
from to [MN/m?]
surface level -0.30 ballast 150
-0.30 -13t0-19 gsand 50
-1.3t0-1.9 -1.51t0-2.4 clay
-15t0-2.4 -29t0-3.4 weak peat 21
291t -34 -1041t0-11.2 clay 9.0
-10.4 tg -11.2 -11.2t0-12.0 silty clay
-112t0-120 o sand

Aficr the location the test and reference track have becen
sclected. initial vibration measurcments have been performed
to verify the reproducibility of the sclected track These
measurcments show a good reproducibility. The variation in
the soil profile at lower depths seems of no significant
influence.

locatiaon [km)

23.8 24 z4.2

sand

® silty clay

v} — s v .
— concreteslab’ 7

depth relative to reference level (m

fig. 5 Geotechnical soil profile

sand {loose]
W silty clay
% clay
= peat

subgrade track




PREDICTION CALCULATIONS

Beforc the test a prediction of the effect of the concrete slab
has been made by a serics of numerical calculations. The
calculations have also been used 1o determine the dimensions
of the concrete slab.

With the current computer software and hardwarc it 1s not yet
possible to make a complete threc dimensional numerical
analyses of the dynamic effects. Thercfore the prediction
calculation has been split in several numcrical procedurcs.
which arc based on the different aspects which determine the
propagation of the vibrations. The prediction calculation can
be split globally in two parts. namcly:

I calculation of the dynamic displacemcnt ol a separale
point at the railtrack:

11. calculation of the vibration immission of the railtrack at a
certain distance from the track,

The dynamic displacement of a separate point ar the railtrack
{part ) have becen analysed by modelling the track as a
continues becam supported by springs and dampers. The
parameters for the beam and the support have been
determined by a three dimensional analysis of the track,
substruciure and soil prefile. The continues beam loaded with
a train with a certain speed. The result of this step is a
displacement a{ on¢ point at the track as a function of the
ume.

For the immission calculation (part IT) first the immision of a
single point has been determined by using a finite clement
model. The axial symmetric model incorporated a part of the
trackstructure. and the surrounding soil profile. This model 1s
loaded with the displacement versus time function [rom the
[irst part. In case ol a train there are multiple sources for
vibrations along the track. To include this ¢ffcct of the train,
the responsces of multiple points along the track are added
together. taking into account the distance to the source and
the time when the train passes the source location.

The calculations have been performed for 3 different track
structures. onc calculation with the original construction, one
with a 030 m thick slab and one with a 0.45m slab. Two
trainspeeds have been analysed, namely 100 and 140 kin/h.
The results of the calculations are shown in Iig. 6 and Fig. 7
as cifective vertical velocitics at a certain distance from the
track. The graphs in both figurcs have been deterninined by
taking the maximum calculated effective velocity at a certain
distance from the track. Due to indccuracies in the summation
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method, especially for the greater distances, therc will be
some variability in the presented resulis.
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Fig. 6 Calculated effective vertical velocities at 100 km/h
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Fig. 7 Calculated effective vertical velocities at 140 kmih

Table 2 gives an overview of Lhe reduction factor of a track
with a (.30 m or (.45 m thick slab at 100 and 140 kin/h, The
calculations show that a 0.30 m thick concrele slab has a
mimmum effect at 140 kmn/h and gives a reduction of 25 % at
lower trainspeeds. The reduction clfect of a 0.45 m plate gives
a lot more effect at both considered 1rainspeeds.

Table 2 Calewlated reduction factors.

Reduction factor compared the original situation

train speed 100 kmi/h 140 kmvh

plate thickness 0.30m 0.45m 030m 0.45m
15m 71 % 54 % 79 % 36 %
25 m 63 % 39 % 84 % 3B %
55 m 86 % 38 % 116 % 53 %
105 m 71 % 43 % 86 % 57 %
average 74 % 45 % 93 % 47 %




MEASUREMENTS

Propram ol mgasurements

To examine the effect of the concrete slab on the reduction of
the vibrations in the free field a comprchiensive series of
measurcments  have been performed. Per cross-scction
accelerations have been measurced at 4 different locations in
the free field. The wvertical and horizontal vibrations
perpendicular to the track have been recorded. Four cross-
scctions at regular distances have been measured along the
test track and four cross-sections along the reference track.
Next to the vibrations in the field also the verlical vibrations
ol the top of the track and the bottem of the substructure at a
depth of 1.75 m have becn measured.

In the series before the reconstruction 25 trains have been
mcasurcd and 27 after. The maximuwn passage speed at the
track is 140 knvh and most of the trains passed at this speed
the test site. Scven (rains were asked to reduce their speed 1o
100 km/h, Furthermore a distinction has been made between
the various types of trains with an emphasis on heavy trains.

The recorded signals are digital filtered with a bandpass filter
between 1 and 80 Hev. From those filtered signals FFT have
been made 1o determine the respense frequency of the soil.
Subsequently the velocilics have been  detcrmined by
intcgrating the accclerations. From those velocitics  (he
effective vibration welocity has been determined. The
procedure to assess the cffcctive velocity has been carried out
according DIN 4150 ]11992|. Further the cifective velocitics of
different measuremenis are statistically processed to be able to
compare the various scrics,

Results of the measurements

Reference track. The vibration measurements at the reference
track show a good agrcement for the two measuring serics,
the first set of measurcments before the reconstruction and the
second sct after. Fig. 8 shows the averapge measured effective
velocities of the reference  lield compared to the
measurements al the test track location taken beforc the
reconstruction. Besides somc minor variations in  the
measurements with trainspeeds around 140 kin/h are the
results of the test (rack pood comparable. These
measurements confirm tie cenclusion from the geotechnical
survey, were it was concluded that the soil profile along the
test track 1s cqual Lo the profile at the reference track.
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# reference track Il 140 kmh
7 refarence frack |

effact ve velocity [mm/s’

,-‘7 tesfrack before

%

_z'[ reference track Il 103 kmih
reference track |

thstance to the track [m)]

FMig. X Measurements af the reference track and the al the
fest track before reconstruction

Test track Table 3 gives the effective wvelocilies in mm/s
before and afier the reconstruction with the concrete slab at
the test track. For each measurement the vibrations tn the
measurcd dircctions are added logether and the average
mcasured elfeclive velocities arc given, The cffect of the
concrcte 15 determined by the difference between  the
mcasurcments before and after. The in Table 3 given values
arc also shown in the graph in Fig. 9, where the effective
velocitics are plotled against the distance from the track. The
graph shows that in the free field the vibrations, measured in
effective velocilies, increase at 15 and 25 m from the track.
From the mcasurcments at 50 and 100 m it was hard to
distinguish the vibrations causcd by the train from the
background noise. Thercfore the results at these distances are
less accurate.

effective velozity [mimis]

distance to the track |mj

Iig. 9 Measurements of the fest track hefore and afier the
reconsiruction




Tahle 3 Results of the measurements.

effective velocity, frequency range 1-10 Hz [mm/s]

100 km/h 140 km/h
befare after effect before after effect
track 3.78 1.94 51% 578 385 67 %
15m 0.27 0.31 114% 044 057 130 %
25m 014 021 150% 035 040 114%
50m 007 006 8% 015 008 54 %

100m 505 005 100% 011 009  82%

the cffect of the congrete slab has been measured at the ballast
layer. The results of these measurements are shown in Fig. 10
at 100 km/h and Fig. 11 at 140 kni/h. The results of these
measurements arc given in a frequency spectrum from 1 to
10 Hz, the intended range to reducc the (rain vibrations.
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Fig. 10 Measwrements af the track at 100 k'
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Fig. 11 Measurements at the track at 140 km/h
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The lines with the black squares arc the measurements at the
reference track and the dashed line with the crosses the
measurcments at the test track before the measure. All these
lines arc in rcasonable good aprecmeni, indicalion again that
thc measurcments reproduce well before and after the
recconsiruction, The graphs show also the effect of the
concrete slab with the solid linc with crosses. This curve
indicatcs a significant reduction ol the mainly dominant
vibrations in the low frequency range from 2 10 7 Hz For
trainspeeds of 100 km/h the average reduction is 49 %6, while
at 140 km/h the average reduction is 33 %, see also Table 3.

VALIDATION

Before the reconstruction of the track the resufts of the initial
measurements  and  the calculation  results have been
compared. Table 4 gives the elfective velocitics al 35 m {rom
the track. In general the calculations and the measurements
show a good fit. Furthermorc the mecasurcments showed a
dominant frequency between 3 and 53 Hz, which was also
found with the calculations. These results show that the
chosen calculation method with the different model step leads
to rcliable results,

Tahle 4 Comparison measurementy and calculations for the

original situation

effective velocitiss [mmis]

train speed 130 kmih 140 km/h

horizontal vertical harizantal vertical
measurements 052 0.46 0.42 0.31
calculations .51 ¢.31 0.43 0.27
CONCLUSIONS

From the prediction calculations it 1s [ound that a 0.45m
thick concrete slab installed as a low frequency vibrations
reducing measurc a reduction of about 50 % of the cifecuve
velocity can be achieved. A 30 cm plate gives only a 23 %
reduction for train speed at 100 kin/h and less than 10 % at a
train speed of 140 km/h.




The rcsults of the prediction calculations without the concrete
slab show a good agrcement with the measured values in the
[rec ficld.

The measurements before and after the reconstruction at the
reference track show a good agreement. which indicates that
the two series of measurements arc reproducible.

Dircctly at the track and (he substructure the new
trackstructurc with the concrete slab reduces the vibrations.
Measurements show [or trainspoeds around 190 kin/h the
effective velocity is about 50 % less than in the original
situation. Trainspceds around 140 km/h the eftect is only
30 %. The aim of significantly reducing the low frequency
vibrations at the track is fulfilled. The measured reductions
for the different trainspceds arce in good agreement with the
numcrical calculations.

The dominant frequencies in the free field along the test track
arc mainly around 4 Hz and between 6 and 7.5 Hz.

Despite of the good results at the track. the vibration
measurements in the free ficld (& 15 m) next to the test track
show ne significant difference between series taken before
and after the reconstruction, The effective velocity at the
dominant frequencies higher than 3.5 Hz show no clear
reduction in the scrics afier the reconstruction. At frequencies
lower than 3 Hy the vibrations arc significant reduccd. At this
point the measuremcnts do not agree with the numerical
calculations.

[t is recommended cvaluale in detail the used method 1o
determine the vibrations in the free field and how 1o
incorporatc a coucrele slab or any other track stiffening
construction,
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