DAS|DAGA 2025 Copenhagen

Standardizing Vibration Emission Prediction for Rail Traffic:
An Introduction to the New DIN 45672-3 Draft [1]

M. Sc. Lukas Bshm!, Dipl.-Ing. Udo Lenz?

' FCP IBU GmbH, 45147 Essen, E-Mail: lukas.boehm@jfcp-ibu.de
2 FCP IBU GmbH, 45147 Essen, E-Mail: udo. lenz@fcp-ibu.de

Introduction and Scope

The prediction of airborne noise emissions from rail traffic is
clearly regulated in Germany by the 16th Ordinance on the
Implementation of the Federal Immissions Control Act
(16. BImSchV) [2] and the Schall 03 [3] guideline. In
contrast, there is currently no legal or normative regulation
for the prediction of vibration emissions.

The draft standard DIN 45672-3, published in February 2023
[1], introduces a prediction method based on third-octave
band spectra. This draft aims to fill the existing gap in
standard-compliant prediction and evaluation of vibration
emissions from rail traffic.

The prediction situation is given in figure 1 (based on
figure 1 of [1]). Railway traffic (both above ground and
tunnel) injects vibration emissions into the ground. The
vibration transmits through the ground until it encounters
building foundations. These foundations are caused to
oscillate and therefore immissions of vibration or structure
borne noise occur in the rooms of the building.

Germany, are only expected to be exceeded up the given
distances from the building ([1] — ch. 4).

Table 1: recommended distances for vibration prediction of
different train types ([1] — ch. 4)

relevant distance ranges to
be considered in a predic-
. . tion for
train type | regulation above
tunnels [m] ground
tracks [m]
freight
train with
soft ) 200
ground
freight EBO [5]
train & 30 60
railway
sut?urban 20 40
railway
metro,
tram & | BOStrab [6] 20 25
light rail

However, if other than the usual reference values are to be
considered or if a project is near to highly sensitive buildings
or buildings with highly sensitive uses, a wider distance
range may also be useful for vibration prediction.

The draft standard does not contain an evaluation method for

the predicted vibration level, nor does the prediction provide
results for structure-borne noise levels. In Germany,
vibration immissions are usually evaluated in accordance
with DIN 4150-2:1999-06 for vibration effects on persons in
buildings [4] and DIN 4150-3:2016-12 for vibration effects
on structures [7]. It is planned to add a further part to the
DIN 45672-4 standard in the future.

Figure 1: prediction situation (based on [1] — figure 1)
The prediction method presented in the draft standard can be

used in various applications ([1] — ch. 6):

Prediction Method ([1] — ch. 5)

General ([1] — ch. 5.1)

The prediction of vibration immissions according to the draft
standard DIN 45672-3:2023-02 [1] is based on third-octave
band spectra in a frequency range from fr, =4 Hz up to
fr, = 250 Hz. It is an additive method, in which a vibration
level L,(fr,) [dB] is obtained by adding frequency
dependent transfer functions to a specific starting spectrum
(see equation (1)).

New construction of a railroad track ([1] — ch. 6.2)

Conversion or reconstruction of a railroad track
([1]—-ch. 6.2)

Preparation of a legally binding land-use plan
([1]-ch. 6.3)

New construction of a building near an existing
railroad track ([1] — ch. 6.4)

The standard also provides a certain distance range within a
prediction of vibration immissions is highly recommended
(see table 1). Experience has shown that the reference values
according to DIN 4150-2:1999-06 [4], which are usually
used for an evaluation of the vibration immissions in
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L, (an) =Lyg (an) + AL, pp (an) + [dB]
AL, pp (an) + ALy, pp (an) +
De (an)

fr,, € {4;250}: third-octave band [Hz]
frequency

In the following subsections the different parts of the sum
are discussed.

Emission ([1] — ch. 5.2)

The prediction starts at a project specific starting point.
Mostly the starting point is located at the track axis or the
outer tunnel wall. Depending on the project situation, the
starting point could also be somewhere in the ground or even
in a building foundation.

The vibration characteristics at the starting point are
described with the frequency dependent spectrum Ly, g (f7,,)-

The standard recommends a project specific measurement at
the starting point according to DIN 45672-1:2018-02 [8] and
DIN 45672-2:2020-11 [9] to obtain the needed spectra (this
recommendation is valid for the starting spectrum as well as
for all other spectra in the following sections).

However, if a measurement is not possible in the given
project, it is also possible to use experience values from
previous measurements or comparable projects. If a
simulation and calculation of the vibration emission for the
specific track or tunnel type is done, these spectra can also
be used for the prediction.

Transmission ([1] — ch. 5.3)

Once the starting spectrum is defined, the frequency
dependent transmission function from the starting point
through the ground AL, gg(fr,) is to be considered.

If the starting point L, g(fr,) is already located at the
immissions point, the transfer function through the ground is
negligible (AL, g (an) =0).

The standard contains a calculation method for the transfer
function through the ground if no propagation measurements
are possible in the project (see equation (2)).

Ly ps(fr,) [dB] (2
=20 log (1)_71 e‘—znch"D(r—ro)
To
r: distance [m]
1, reference distance [m]
D: damping in the ground
cs: shear wave velocit m/s
s Y

n: exponent according to
DIN 4150-1:2022-12 [10]

)

)
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Our experience within daily project work shows, that this
calculation method is often useful and leads to reasonable
results.

If a soil report is available in the project, transfer functions
or specific parameters such as the shear wave velocity cg and
the frequency dependent damping in the ground D(fr,) can
be obtained by this report.

Otherwise, standard values or experience values from
comparable projects can be applied for the parameters as
well.

Immission ([1] — ch. 5.4)

The next step in the prediction is the calculation of the
transfer functions in the considered building. The first step is
the transfer function from the soil in front of the building (B)
to the building foundation (F) AL, gg(fr,). Secondly the
transfer function inside of the building from the foundation
(F) to the ceiling (D) AL, pr(fr,) is to be determined.

If the starting point L, g(fr,) is already located in the

building, it might be possible to neglect parts of the transfer
functions.

Several standardized transfer functions are provided in the
appendix A2 of the draft standard ([1] — ch. 5.4.2 & 5.4.3).
They depend on basic parameters of the building:

Is the location of the building foundation in the
basement or on the ground floor?

Is the building constructed with wooden beam or
concrete ceilings?

Eigenfrequency of the considered ceilings

Alternatively, the transfer function can also directly be built
from the ground to the ceiling. Since the prediction methos
is additive, the step of projecting the vibration immissions to
the building foundation could also be skipped (see
equation (3)) For this transfer function standardized transfer
functions are provided as well in appendix Al of the draft
standard ([1] — ch. 5.4.4).

Lypp (an) = AL, pp (an) + ALy pr (an) [dB]  (3)

Our experience within daily project work shows, that the
prediction method according to equation (3) is applicable
and leads to reasonable results. The step-by-step prediction
in the building according to equation (2) can be used if, for
example, the prediction is compared directly with
measurement results, or the starting point of the prediction is
located at the building foundation.

Mitigation Measures ([1] — ch. 5.5)

The last part of the sum is the frequency dependent insertion
loss of a mitigation measure D,(fr,) in accordance with
DIN SPEC 45673-2:2018-05 [11] and DIN SPEC 45673-
3:2014-04 [12].

With this spectrum, different mitigation measures can be
compared in effectiveness in the specific project
environment.
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The insertion loss is to be determined by manufacturer
information or comparable projects and measurements. The
draft does not include standardized insertion loss spectra.

Determination of Evaluation Parameters
([1] = ch. 7)
As mentioned in the beginning, the draft standard DIN

45672-3:2023-02 [1] does not include evaluation methods
for the predicted vibration levels.

To evaluate the results of the prediction, the vibration level
must be converted into different evaluation parameters.

The DIN 4150-2:1999-06 [4] deals with vibration effects on
persons in buildings in Germany. Therefore, a weighted
vibration strength KBpr,, is evaluated.

A multi-step calculation method to obtain KBprp 7,4 per
train category (“Zug”) is described the standard [1] — ch. 7.1.

The maximum weighted vibration strength per train category

is given by equation (4) [1].

KBFmax,Zug = 1'5 KBFTm,Zug (4

Also, for the evaluation vibration strength a calculation
method is provided in the standard (see equation (5), [1]).

As an additional information: The DIN 4150-2 [4] is now
under revision. It is planned to finalize the revision and
publish the new standard in 2025. Afterwards, the
DIN 45672-3 [1] is going to be published.

>

: number of 30s time cycles

G

Nz nZug
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N. (aZugKBFTm,Zug)
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N;: number of train categories (Zug)
Nzyg: NUmMber of trains passings per train
category

®7y4: Tating factor per train category ac-
cording to [1] appendix E and
the new DIN 4150-2

In the DIN 4150-3:2016-12 [7] the vibration effects on
structures in Germany is considered. Therefore, the
maximum expected vibration velocity v,,,, is evaluated.

The draft standard [1] states, that the maximum expected
vibration velocity per train category is given by equation (6).
[mm/s]

Umax,zug = 3 KBFmax,Zug ©

The absolute maximum of the expected vibration velocity
results from equation (7).

Umax = r?:}gx(vmax,Zug) [mm/s] 7

)

)

)

)
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Finally, it is possible, that a frequency dependent spectral
vibration velocity vRMS(an) is needed for the evaluation.
This can be obtained by equation (8).

(®)

vrus(fr,) = 1000 vy 102(Tn)/20 [um/s]

Vo = 5 * 107> mm/s: reference velocity

Summary

The new draft of the standard DIN 45672-3:2023-02 [1]
provides a vibration prediction method for vibration
immissions from rail traffic. It is the first normative
regulation for prediction of vibration immissions in
Germany.

The method contains spectral transfer functions within the
third-octave band spectrum from 4 Hz up to 250 Hz.

The different transfer functions are additively related to a
starting spectrum. In this way, the method can be easily
adapted to the project-specific conditions.

For each of the different parts of the sum, the standard
recommends using project specific measurement results but
also provides a standardized calculation method, if
measurements are not reasonable within the project
conditions.

The FCP IBU GmbH already used the draft standard in
several projects and compared the results with expert know
how and measurement results. It can be seen that the
prediction method, given in the standard, fits to the expected
results in the right order of magnitude.

Finally, the FCP IBU GmbH already implemented the
prediction method in an own software solution for vibration
prediction projects.
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