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ABSTRACT

A new metro line is being planned near to the Hungarian Radio in Budapest. The task
was to predict, whether or not audible disturbances in consequence of the train passby
are to be expected, and if this is the case, what kind of control measures arenecessary. Two types of prediction models were elaborated and verified. Each model
development consists of essentially two major steps: (1) Development of a vibrationprediction model, on the basis of measurements on existing situations adaptation of the
calculation method for sound level prediction from vibration data and verification ofthe calculations; (2) Transferring the measured and validated results from the existing
situation to the planned one. This lecture deals with step (1), and Part 2 of thiscontribution deals with step (2) as well as with the conclusions of the wholeinvestigation.
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1 - PROBLEM EXPOSITION

Studio 6 is one of the oldest studios of the Hungarian Radio. It was designed by

Gy. Békesy and inaugurated in 1935. It is still the rehearsal room for the Symphony

Orchestra of the Hungarian Radio and frequently used studio for high quality sound

recordings.

A new (underground) metro line is currently being planned crossing the Danube River

and the city centre of Budapest. The proposed tunnel path was planned close to the

Radio buildings. The horizontal distance from the nearest cross-section of the tunnel

to the centre point of Studio 6. was not more than 54 m. The depth of the tunnel centre

from the ground surface was about 21,5 m at this cross section. The soil structure

around the tunnel is saturated grain deposit with sand or silt inclusions.

Our task was to predict, whether or not audible disturbances in consequence of the

train passby in the tunnel are to be expected, and if this is the case, what kind of

control measures are necessary and feasible (e.g. determination of minimum separation

distance in the ground between the new tunnel and the radio studios, vibration

isolation in, and construction of, the tunnel etc.).

In broadcasting studios the maximum permitted airborne noise levels are very low.

Examining the current background noise of Studio 6. it can be seen that the measured

background noise is hardly under the acceptable noise level. Therefore, it was very

important to find a correct solution, which has no further disturbing effect.

2- COMPARATIVE SOUND AND VIBRATION MEASUREMENTS

ON SOME EXISTING BUILDINGS NEAR TO A SIMILAR

OPERATING METRO LINE

There is a similar metro line (M3) in operation not far from the site of our

investigation. The soil conditions are practically the same for both tunnels. Our first

step was to find some existing buildings near to this existing M3-tunnel, and to make

comparative sound and vibration measurements. The aim of these measurements was the

following:

• to survey the disturbing indoor noise effects in other buildings with similar

conditions,

• to collect input noise and vibration data from train passby,

• to prove and validate the calculation models under existing circumstances.

On Fig. 1 one can see that the radiated indoor noise was considerably higher in these

buildings than the maximum allowed noise spectrum in radio studios.

A cellar room in a five-storeyed reference building was chosen near to line M3 for

model validation. The spatial distance between this room and the closer M3-tunnel
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centre was about 27,1 m. The following quantities has been measured in this cellar
room:
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• horizontal and vertical vibration spectra of the wall-, floor-, and ceiling
elements due to train passby,

• natural frequencies of these structural elements
• the radiated indoor noise in the cellar room due to train passby, and the

background noise as well
• vertical eigenfrequency of the whole building embedded in the soil structure.

Furthermore, vertical vibration spectra on another neighbouring building’s wall and in
the M3 tunnel were also measured.
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Figure 1: Measured indoor noise in some buildings near to the planning area;(1) background noise in Studio 6, (2) reference building’s cellar near to the M3-line,(3) cellar in St. Stephen’s Cathedral near to the M3-line, (4) limit spectrum in radio

studios.

3- METHODS FOR PREDICTION OF INTERIOR NOISE LEVELS

Two types of prediction methods were applied. For the frequency range where numerical
calculations are feasible a combined structural FE / acoustical BE method was applied.
At frequencies where the numerical approach is no longer appropriate, a statistical
method based on modal average and estimated radiation efficiency was used.

3.1 - COUPLED FEM/BEM CALCULATIONS

The room has been treated as a closed box-form structure, consisting of shell elementsCopyright SFA - Internoise 2000 Page 3



of different thickness and material characteristics. First the structural modes of the

box were derived and a linear response analysis has been carried out, while it was

assumed that the structure is excited by uniformly distributed unit load-excitation,

acting on the bottom surface only, in unique direction. The displacements of the walls

were calculated and a linked FEM/BEM calculation was carried out, resulting in

calculated sound pressures for an arbitrary number of field points in the room as a

function of excitation frequency. Eventually, the obtained results are linearly scaled

to obtain the measured wall displacements or velocities.

3.2 - STATISTICAL NOISE RADIATION APPROACH

The statistical method is based on the assumption that the walls vibrate as baffled

finite panels. The average velocity of the wall is derived from the procedure as given

below, the frequency-average radiation efficiency can be calculated from theoretical

considerations [1], [2]. The total sound pressure in the room is obtained from energy

summation of the radiation of each vibrating wall, summed for third-octave bands.

For both estimation methods, one of the most important tasks is to predict the design

velocity spectra of the surface-elements properly. To do this, all wall, floor and

ceiling elements of the room can be treated as independent, generalised vibration

systems with little degree of freedom [3]. The design velocity third octave band spectra

were estimated on the point of each structural element, on which the maximal vibrating

amplitude is expected.

These procedures are followed by the validation of the model. In the cellar of the

five-storeyed reference building near to the M3-line, all of the previously mentioned

FEM/BEM and statistical calculations have been made using pink-noise unit dynamic

load. The real dynamic load spectrum generated by train passby and acting on the cellar

surface through the soil is unknown, and probably differs from the pink-noise shape.

Nevertheless, from the unity, pink-noise shaped dynamic load FEM response and from

operational acceleration-measurements one can calculate a “weighting function” for

each discrete frequency step. Using these weighting functions, the above mentioned

pink-noise shape excitation can be validated, and with this validated excitation one

can calculate a “validated response” of the structure. A comparison of the measured and

the validated response in the five-storeyed reference building’s cellar in the middle of

the ceiling is shown in Fig. 2. The measured and the calculated response spectra show

rather good coincidence.
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Figure 2 : Measured and calculated vertical acceleration spectra caused by a typicaltrain passby on the ceiling of a five-storeyed reference building’s cellar.

4- PREDICTION OF THE REFERENCE VIBRATION SPECTRA
FOR FURTHER INVESTIGATIONS

Vertical vibration spectra due to train passby were measured on the basement walls oftwo buildings near to the existing M3-iine. Assuming generalised linear SDOF systems,the influences of the spectral magnification of these SDOF systems were subtracted fromthe measured vibration spectra. Two influences were subtracted in this way: the firsthorizontal modal shape of the basement wall, and the first vertical mode shape of thewhole building embedded in the soil structure [4]. The eigenfrequencies and dampingcoefficients of these SDOF systems were identified using artificial impulse excitationnear to the two buildings.

The acceleration spectra measured on the two buildings’ walls were transformed to acommon reference distance d0 = 27,0 m, by using the vibration attenuation law in soilstructure [5], [6]:

C—_K.iog—8,7.1.(d—do)

where
• K: Geometric damping constant depending on the source and wave type (K = —20

for line-type source and body-waves),
• d: spatial distance in m between the source and the measurement point,
• d0: reference distance in m,
• /: frequency in Hz,
1: damping coefficient in the soil (for this type of soil “i] = 0,1)
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• C: wave attenuation-velocity in the soil in rn/s (for this type of soil c = 200 mIs)

Fig. 3 shows both of the transformed acceleration spectra, measured on two building’s

wall. The arithmetic mean of them was accepted as “reference vibration spectrum” for

further calculations.
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Figure 3 : The reference vibration spectrum is the arithmetic mean of two acceleration

spectra, measured on two different buildings near to the existing M3-line, subtracted

their dominant magnification properties, and transformed to a common reference

distance.

The transfer of the measured data from the environment of the existing M3-line to the

radio studio and the planned new metro-line will be detailed in Part 2 of this paper [7].
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