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NOISE CONTROL FOR THE VIENNA SUBWAY

(SECTIONS UNDERGROUND AND ABOVE GROUND)

J. LARG

VERSUCHSANSTALT FUR WARME- UND SCHALLTECHNIK AM TGM, WIEN

General

The Vienna subway ls under construction since 1970. Three lines have been
finfohed until now:

Ul . paseing under the city north-south, end with tracks above ground in
the northern suburbs

u2 underground in the center of the city, parallel to the Vienna Ring-
stxaBe

U4  from northwestern suburbs to the western suburbs, using the tr#cks
of the former "Stadtbahn", partly gbove, partly underground.

| At the time being construction work starts on:
U} underground from the city center to the southeastern suburbs

ub connected with U4 from western to scuthwestern suburbs, pertly under
ground, partly asbove ground,

Hoiee control has been started since 1968 with respect to

nofse to the environument

= structure borne sound emitted by the tunnel and propagating to adjacent
buildings and within these

-~ air borne noise emitted by sections above ground and propagating to
nearby buildings

nolse to the passengers

= sir borne nolse in stations

- alr borne nolse in the trains.

While Ul passes 10-20 m below the buildings in the city, it passes only
& few meters below street level end very near to the buildings (mainly
resjdential buildings) in the southern part. The U2 tunnel is only a few
meters helow street level and very near to the foundations of the build-
ings, in some cases passing through the cellars of buildings.

The tracks on elevated structures (concrete) above ground, though in the
suburbs, pass residential buildings very closely (at a minimum distance
of 30 m). .
It was evident, that these conditions need detailed studies of the nolse
problem, i{f people alongside the tracks should be protected asgailnst noise
annoyance, .

Structure borne ncise

Structure borne noise is the main noise control problem in subways.

A preliminary study of the literature showed, that noise from underground
traine passing by mey be hesrd in buildings as far as 20 m from the
tunnels with A-weighted sound levels 50-70 dB near the tunnel and 20-40 4B
at greater distances (1).
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To design effective measures in an economic way data have to be gathered on

~ the vibretion leveles of the tunnel

- the attenuetion of these vibration levels in the ground

-« the attenuation from the ground to the building

- the propagation of structure borne sound within the building and 1its
radlation into the rooms.

The vibration level of the tunnel depends on
the tunnel construction (mass, stiffness)
the track support system
the type of train, its weight and its speed
the state of the rails and wheels (corrugatiom, flat wheels).

The vibration level of the tunnel <an be reduced by increasing the mass
of the tunnel construction, usually obtained by increasing the thicknese
(£ig. 1) following about

av.-s501g 32 1.

And it may be reduced by a permanent way on materials with low stiffnees.

Firast measurements were carried out on track models of 10 m length, a
second serie of measurements with 10 different test-tracka, each of 100 m
length in the Vienna Stadtbahn, comparing the traditional eystem of rails
supported by timber ties in stone ballast with some new constructions
without ballast {2). According to the results of these measurements a
construction was proposed with rails on pelyurethane-eleepers {mainly
chosen:because of their more precise dimensions compared with timber) in

a rubber envelope in & concrete slab floating on a 5 cm mineralwool slab
(fig. 2). It was first used in a ¢ircular steel-tunnel {Ul). The vibration
level in the tunnel measured immediately after conetructlon and several
years later was the same. The results of measurements in several buildings
near the tunnel are shown in the following table.

A house-in-house construction has been used for the tunnel passing through
a cellar of & building, with the same track support syetem.

A emall pert beneath the river Wien was constructed without mineralwocl
{all other detalls unchanged} and gave the possibility to compare the
vibration level at the tunnel with and without mineral wool (fig. 3).
The level difference shows a resonance frequency of abeut 20 Hz.

|

Some years after Ul had been opened U2 was constructed with a rectangular
concrete tunnel and rails on the traditional wooden sleepers in stone
ballast. As some inhabitants of adjacent buildings complained of noise

and vibration the track support system was changed inte that used in Ul |
with concrete floating on minersl wool. This offered the possibility to’
measure vibration and sound levels with 2 different track support systems
(fig. 4). After the resilient track support had been installed no further
complaints have been arisen.

1) recent FE-calculstions showed that not the mass, but the stiffuness
increased by increasing the thickness may be the main eriterion.
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The results of measurements nesr the tunnels are shown beneath.

General criteria on noise levels caused in dwellings by passing subway

trains have not been established. Posaibly these should not exceed the

background level by more than 10 dB, that means, that in quiet rooms in
a courtyard at night the A-weighted levels should not exceed 25-30 dB.

Experience shows, that people complain on levels sbove 30 dB.

buildinge

vibration nfO)

the floor

A=-weighted sound
level (dB)

residenttial building
brickwork with wooden
floors )
0,5/6 m°" from tunnel
(steel tunnel)

residential building
brickwork with wooden
floors

1-10/0 o from tunnel
(rectangular concrete)

residential building
brickwork with wooden
floors

13-20/0 o from tunnel
{rectangular concrete)

residential building
brickwork with wooden
floors

0/6 m from tunnel
(steel tunnel)

building with concrete
skeleton heavy concrete
floors

3,3/5,2 n from tunnel
(steal tunnel)

etate opera building
0/3 m from tunnel
(steel tunnpel)

not sensible

not_senalblez)

3)

not sensible

not sensible -
just sensible

not sensible

not sensible

0} ueing the scale defined in UNORM § $001

273

22 - 24

22 - 252

not to be heards)

20 - 26

not to be heard

14 « 22
in the rooms near-
eot to tunmnel
auditorium 17-20
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1) The firet number givee the horizontal, the second aumber the vertical
dietance from the foundations to the tunnel

2) Before chenge to floating elab on mineralwool 26-30 4B and weskly
sensible

3) Before change to floating slab on mineral wool 33-37 dB snd sensible.

Care has to be taken that the high airborne sound level in the tunnel does
not cause vibration levels in the tunnel wall higher than those caused by
the atructure borne sound via a resilient track support system.

The influence of the train epeed varies with different resilient layers
(because of non-linearity) from 3-7 4B increase per doubling of epeed,

S dB 1e used in our calculations.

Corrugations in ralls with curvature were found to increase the noise in
adjacent buildings up to 10 dB.

The propagation of nolse and vibrations within the buildings is tested by
excitation in the basement with =& pneumatic hammer or shaker.
Heasurements with the paseing train and with the shaker excitation in one
building compared quite well. It turns out, that the vibration levels
decrease only by 1 dB/story or even not at all.
The level decresse with distance from tunnel 4s calcylated only with
3 dB/dd with no additional sttenuation in the most important low frequency
range.

Airborne noise

ettt

For tracks above ground on elevated structures airborne nolse has to be
coneidered, The following criteria have to be fulfilled (generally used
for new noise sources in a given environment):

L _ with the train noise should not exceed the background level by more
thdn 10 db or should not exceed the already existing L, if this already
"is higher; the meximum level should not exceed the bacEground level by
more than 40 dB daytime and 30 dB nighttime, and at any rate not exceed

75 dB daytime and 70 dB nighttime. For these limits and the emission levels
of the trains (fig. 5) f{t turns out, that necise control measures (i.e.
screens) are necessary to protect residential dwellings.

A first test was carrled out with a 100 m test screen alongside a tram-
track. The results showed, that screens alongside railways are only effect-
ive if they are highly sbsorbing (fig. 6).
A construction therefore was proposed of of concrete screens in [ shape
with absorbing mineralwool, & cm thick, covered with perforated metal.
Calculations showed, that the screen must have o height of 1,35 m above
Ttail and that a screen hae slso to be installed between the two tracks
(1,09 m sbove rails}, The first line with screens was constructed in the
south of Vienna (now trem, but planned for subway); sound level measure-
- ments on 11 measuring points with passing trains before and after ine
‘otallation of the screens showed that the A-weighted levele were reduced
by 6-15 dB in & dietance of 20 and 44 m of the track and by 6-14 dB ot a
residential building (23 stores) in 100 m distance (fig. 7). Ul in a
northern suburdb was installed with the same screens. Measurements showed ,
that in the dwellings in only 30 m dietance the passing train was not to
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be heard within the ambient noise {L

= 50-55 4B nighttimel.

Measures againat nolse in the tunnel®dnd atation have been described

earlier (2).

(1) J. Lang: MeBergebnisse zum Kérperschallschutz fiir U-Bahnen.
7th ICA-Congress 1971 Budapest, 23 N 10.

(2) J. Lang: Heasures egainst airborne and structureborne noise
in the Vienna subway. INTER ROISE 76 Washington.
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fig. 1:

fig.

2:

velocity level on tunnel
invert,

circular conerete tunnel
(0,5 m concrete)

traln speed 80 km/h
circular steel tunnel,
outside cgncrete

(850 kg/m")

train speed 80 km/h -
rectangular concrete
tunnel (invert 1,3 m
concrete)

train speed 80 kmfh
rectangular concrete
tunnel

(0,75 m invert, 0,3 m
sidewall)

train speed 40 km/h

ralls on pelyurathane-
sleepers in rubber-
envelope 1in toncrete slab
on 5 em mineralwool-slab
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fig. 3: level-reduction in
tunnel with mineral-
wool below concrete
slab compared with
tunnel without
mineralwool

level-reduction on
floor in 2 residentlal
buildings near tunmnel
by changing sleepers
on ballast to concrete
slab on mineralwool

fig. 4:

maximum A-weighted
sound level, 28 m
from track

fig. 5:
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_ (D vithout' screen
fig. 6: noise reduction by
a screen close to

the track absorpfion

0,35m from train
1,87m from track

for 60 km/h
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fig. 7: maximum A-weighted
eound levels for
181} trains passing with
. 65 km/h on elevated
(70 concrete structure with
(without} screen

tall residential b—uﬁding
100 m from track




