








Fig. 9: Completed mass-spring systern with 400 mm concrete layer

Fig. 10: Completed transition zone (turnout on
a slab track mass-spring system)
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Fig. 8: Creating the concrete slab (left — pouring of the initial concrete layer, 100 mmy; right — pouring of the second concrete layer;, 300 mm)

Once the polyurethane (PUR) elastomer mats have been
installed on all lateral surfaces, such as the support structure
and the shafts, the reinforcement is installed and the initial
100 mm of the concrete support slab is created (Fig. 7). The
concrete is poured onto the subsoil via air shafts. Subsequently,
the turnout sleepers, the rail fastenings and the remaining turn-
out components are pre-assembled.

After the shuttering for the longitudinal and lateral drainage,
and the shafts and the signalling devices have been completed,
the track panel can be adjusted and levelled with the support of
a track geometry measuring car.

Following this, the concrete support slab is built up to its
full height (400 mm) in several phases, whereby a temporary
loosening of the rail fastening bolts allows a de-stressing of both
the rails and the concrete support slab (Fig. 8).

Finally, the shuttering and temporary supporting blocks are
removed and then the gaps left behind by the supporting blocks
are lined with polyurethane (PUR) elastomer mats and sealed
with concrete — the concrete support slab is now finished (see
Fig. 9). Rail welding and final cleaning conclude the renewal
work (Fig. 10).



Effectiveness of superstructure

renewal confirmed by measurements

In order to prove the effectiveness of the installed vibration
mitigation measure and, therefore, that of the superstructure
renewal, vibration measurements were conducted at two
different turnouts both before and after the renewal work [10],
[11]. The measurements were conducted at street level directly
above the turnout frog as there, due to rail discontinuity, abrupt
broadband track excitations above the frequency range were to
be expected during the passage of trains (Fig. 11).
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Fig. 11: Vibration measurements conducted at street level

Fig. 12 shows an example of typical time signals of the
vertical vibration velocity that were measured during frain
passages both before and after the superstructure was renewed.
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Fig. 12: Bypical time signals of the vertical vibration velocity [10], [11]
top: ballasted track (before the renewal work),
bottom: slab track mass-spring system (after the renewal work)

1/3-octave-band spectra of vibration velocity levels 1/3-octave-band spectra of vibration velocity levels
measured before and after the renewal — turnout 1 measured before and after the renewal — turnout 2
g X L, 80
E E
& =)
* 70 % 70
e "1
& ¥ //\\
@ 22}
2 h)
e &0 £ B \
3 -
;:‘- 50 ﬂ \ ;:" 50 ’l - N\
§ _E 4 \
& 3 'l \‘
- ¥
40 s 0 7 v
I \ ’
/ II %k -7 “
30 rl \ \ 30 Y ¥
y ~
/ ' N
X
]
20 s N 20
\\ \
‘\
10 3 \\ 10
1\
A
0 a
4 8 % 315 €3 125 250 500 4 16 315 83 125 250 500
Frequency in Hz Frequency in Hz
e Before renewal - After renewal — Before renewal === After renewal
Insertion loss — turnout 1 Insertion loss — turnout 2
20 20
i) @
-] °
= /\ €
@ w
g / g JallmA
<4 19 =a 2 10
5 \ § \
61 .~ =4
b & /
£ =
1] a
4 8 16 315 63 125 250 500 4 1B 315 863 126 250 500
Frequency in Hz Frequency in Hz

As can be observed
from Fig. 12, before the
renewal work, maximum
vibration velocities of
more than 0.1 mm/s
were recorded, whereas
measurements conducted
following the renewal
work showed a decrease
in vibrations by a factor

of 10.
Fig. 13 shows the
measured  1/3-octave-

band spectra of vibration
velocity levels, averaged
for the two turnouts
(both before and after
the renewal work) and
several train passages,
and the corresponding
insertion loss factor [10],
[11].

Fig. 13: 1/3-octave-band spectra of vibration velocity levels measured for the two different turnouts

— in both cases, both before and after the renewal work [10], [11]
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An evaluation of all the results obtained has demonstrated
that the implementation of the mass-spring system has resulted
in a broadband vibration reduction for both turnouts.

A vibration velocity reduction of 8-16 dB has been achieved
in the frequency range critical for secondary airborne noise, i.e.
40-160 Hz, which corresponds to a vibration isolating efficiency
of 60-84% - this means that residents in nearby buildings can
expect similar reductions in vibrations and secondary airborne
noise.

CONCLUDING REMARKS

Metro de Madrid has converted several ballasted turnout track
sections into slab track mass-spring systems, in order to reduce
vibrations and structure-borne noise, thereby adopting an
innovative superstructure renewal method that allows work to
be carried out without any disruption to the metro services,

By installing highly efficient polyurethane (PUR) elastomer
mats, an optimum vibration isolation has been achieved. The
vibration velocity reductions of 8-16 dB that were noted in
the frequency range critical for secondary airborne noise, i.e.
40-160 Hz, corresponds to a vibration isolating efficiency of
60-84%.

Currently, ten ballasted turnouts (each 60-80 m long) in the
tunnel areas of Metro de Madrid have been converted into
vibration mitigating slab track mass-spring systems without any
train service interruptions.

As a result of the extremely positive experience gained thus
far, another three turnouts are being converted this year; it is
scheduled to renew further turnouts in the next few years.
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