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general

The Vienna subway is under construction since 1970. Three lines have been
finished until now:

U1 ‘ passing under the city north-south, and with tracks above ground in
the northern suburbs

U2 underground in the center of the city. parallel to the Vienna Ring-
straBe

05 from northwestern suburbs to the western suburbs, using the tracks
of the‘tormer "Stsdtbshn"l psrtly above, partly underground.

/ At the time being construction work starts on:

U) underground from the city center to the southesltern suburbs

US connected with Uh from western to southwestern suburbs, partly under
ground. partly above ground.

Iloise control has been started since 1968 with respect to
noise to the environment
- 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

noise to the passengers
- air borne noise in stations
- air borne noise in the trains.

Hhile Ul passes 10-10 m below the buildings in the city. it passes only
a few meters below street level and very near to the buildings (mainly
residential buildings) in the southern part. The "2 tunnel is only a few
meters below 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. puss residential buildings very closely (st a minimum distance
of 30 n). .
It was evident, that these conditions need detailed studies of the noise
problem, if people alongside the tracks should be protected against noise
annoyance.

Structure borne noise

Structure borne noise is the main noise control problem in subways.
A preliminary study of the literature showed, that noise from underground
trains passing by may be heard in buildings as far as 20 m from the
tunnels with A-weighted sound levels 50-70 dB nest the tunnel and 20-50 dB
at grenter distances (1%
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To design effective measures in an economic way data have to be gathered on

- the vibration levels of the tunnel

- the attenuation 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 its

radiation 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 (corrugation, flat wheel-L

The vibration level of the tunnel can be reduced by increasing the mass

of the tunnel construction, usually obtained by increasing the thickness

(fig. 1) following about
d2 1)

AL-SO lgd1 .

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

First measurements were carried out on track models of 10 m length, a

second serie of measurements with 10 different teat-tracks, each of 100 m

length in the Vienna Stadtbahn, comparing the traditional system 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 rafls on polyurethane-sleepers (mainly

chosen because of their more precise dimensions compared with timber) in

a rubber envelope in a concrete slab floating on a 5 cm mineralwool slab

(fig. 2). It was first used in a circular steel-tunnel (U1). The vibration

level in the tunnel measured immediately after construction 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 a building, with the same track support system.

A small part beneath the river Hien was constructed without mineralwool

(all other details 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 about 20 Hz. ‘

Some years after 01 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 into that used in U1 ‘

with concrete floating on mineral wool. This offered the possibility to

measure vibration and sound levels with 2 different track support systems

(fig. h). 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 stiffness

increased by increasing the thickness may be the main critsrion.
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The results of measurements near the tunnels are shown beneath.
General criteria on noise levels caused in dwellings by passing subway
trnins have not been established. Possibly 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 above 30 dB.

buildings vibrationof0) A-weighted sound
. the floor level (db)

——————_——__—

residential building
brickwork with wooden
floors 1) not sensible 22 - 210
0,5]6 n from tunnel
(steel tunneU

residential building
brickwork with wooden 2)
floors not'senslble 22 ~ 25
1-1010 m from tunnel
(rectangular concrete)

2)

residential building
brickwork with wooden 3)
floors not sensible
13-20/0 m from tunnel
(rectangular concrete)

not to be heardJ)

residential building
brickwork with wooden
floors not sensible - 20 - 26
0/6 E from tunnel just sensible
(steel tunnel)

building with concrete
skeleton heavy concrete
floors not sensible not to be heard
3.3/5.2 m from tunnel
(steel tunnel)

state opera building
0/8 m from tunnel not sensible lb - 22
(steel tunnel) I ' _ in the rooms near-

' ' eat to tunnel
auditorium 17-20

0) using the scale defined in UNORH S 9001 r

In
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l) The first number gives the horizontal, the second number the vertical
distance from the foundations to the tunnel

2) Before change to floating slab on mineralwool 26-30 db and weakly
sensible

3) Before change to floating slab on mineral wool 33-37 dB and 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 structure borne sound via a resilient track support system.
The influence of the train speed varies with different resilient layers
(because of non-linearity) from 3-7 dB increase per doubling of speed,
5 dB is used in our calculations.
Corrugstions in rails with curvature were found to increase the noise in
adjacent buildings up to 10 dB.

The propagation of noise and vibrations within the buildings is tested by
excitation in the basement with a pneumatic hammer or shaker.
Heasurements with the passing train and with the shaker excitation in one
building compared quite well. It turns out. that the vibration levels
decrease only by l dB/story or even not at all.
The level decrease with distance from tunnel is calculated only with

_3 dI/dd with no additional attenuation in the most important low frequency
range.

Airborne noise

For tracks above ground on elevated structures airborne noise has to be
considered. 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
than 10 dB or should not exceed the already existing L , if this already
'is higher; the maximum level should not exceed the bacfiground level by
more than 50 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) it turns out, that noise control measures (i.e.
screens) are necessary to protect residential dwellings.

A first test was carried out with a 100 m test screen alongside a tram-
track. The results showed, that screens alongside railways are only affect-
ive if they are highly absorbing (fig. 6).
A construction therefore was proposed of of concrete screens in rshape
with absorbing mineralwool, 5 cm thick, covered with perforated metal.
Calculations showed, that the screen must have a height of 1.35 m above
rail and that a screen has also to be installed between the two tracks
(1,09 m above rails). The first line with screens was constructed in the
south of Vienna (now tram. but planned for subway); sound level measure-
ments on 11 measuring points with p sing trains before and after in:
stallation of the screens showed that the A-weighted levels were reduced
by 6-15 dB in a distance of 20 and 44 m of the track and by 6-15 dB at a
residential building (23 stores) in 100 m distance (fig. 7). U1 is a
northern suburb was installed with the same screens. Measurements showed,
that in the dwellings in only 30 m distance the passing train was not to
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be heard within the ambient noise (L = 50-55 dB nighttime)
Measures against noise in the tunneleflnd station have been described
earlier (2).

(l) J. Long: HeBersebnieIc sun Korperechallschut: fir U-Bahnen.
7th ISA-Congress 1971 Budapest, 13 N 10.

(2) J. Lang: Measures against airborne and structuroborne noise
in the Vienna subway. INTER NOISE 76 Washington.

fig. 1: velocity level on tunnel
invert,

circular concrete tunnel
(0,5 m concrete)
train speed 80 kmlh
circular steel tunnel,
outside cancrete
(850 kslm )
trsin speed 80 knlh

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

———— rectangular concrete
tunnel

lfilgllln ulh : m
:‘IEEQUI' l (0r75 m invert, 0,3 MII um: um“)20‘

a 15 31,5 53 125 50 5001000 mo “""‘ "we" "° “W”
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fig. 1: rails on polyurethane-
sleepcrs in rubber-
envelopc in concrete slab
on 5 cm mineralvool-slab
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fig. 3:

fig. A:

fig.

level-reductlon 1n
tunnzl with mineral-
vool below concrete
slab compared with
tunnel lehout
miner-[loo].

level-reduction on
flan! in 2 residential
buildings neat tunnel
by changing slaepers
on ballast to concrete
slab on minerulvool

5: maximum A-leighted
sound lzvel, 28 m
from track
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@ 0.25m
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