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Executive Summary

This report presents Deliverable D1.2 "Description of the vibration prediction tool" of the
Collaborative Project SILVARSTAR that is funded under the European Union's Horizon 2020
Research and Innovation Program under the open call as part of the Cross Cutting Activities of the
Shift2Rail Joint Undertaking.

The work on ground vibration within SILVARSTAR aims to provide the railway community a user-
friendly prediction tool for ground vibration impact studies. This tool will be used for
environmental impact assessment of new or upgraded railways on a system level. It will provide
access to ground vibration predictions to a wider range of suitably qualified engineers.

SILVARSTAR Deliverable D1.1 explains the concept and methodology integrated in the SILVARSTAR
prototype vibration prediction tool in detail. The vibration level in a building is expressed as the
product of source, propagation and receiver terms, each of which is frequency-dependent and can
be represented by either numerical predictions or by experimental data. This Deliverable D1.2
describes the prototype vibration prediction tool and constitutes also a user’s guide to this tool.

The software is developed and compiled from matlab. The user must first install the software tool
(see Appendix 1), and must plug the USB Dongle on their computer before starting. The installation
executable generates the necessary folders for the use of the tools. Folders contain the integrated
data.

To ensure that the prediction tool is capable of rapid calculations and is accessible to a wide range
of users, it is built around an extensive database of both measured and pre-computed data. The
initial database is described in SILVARSTAR Deliverable D2.1.

The user interface provides tools to manage the database: create new source from numerical
models and import new experimental data. This is done through flexible excel files that are opened
by clicking on buttons in the main user interface.

The interface allows the user to select sources, propagation terms and receiver terms, define
combinations between them, and compute vibration and noise levels inside buildings.

After computations, specific simple interfaces are dedicated to plot the vibration and noise spectra

obtained. All results (intermediate and final) are available in .mat format. Final results (noise and
vibration inside buildings) are also made available in ASCII files (see Appendix 2 for description).
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List of abbreviations, acronyms, and definitions

Abbreviation / .
Description

Acronyms
FINE-2 Furthering Improvements in Integrated Mobility Management (12M), Noise and
Vibration, and Energy (complementary Shift2Rail project)
FP7 European Union Framework Programme 7
GUI Graphical User Interface
ICT Intercity Train
RIVAS Railway Induced Vibration Abatement Solutions (FP7 project)
WP Work Package
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1. Introduction

The overall objective of the work on ground vibration in SILVARSTAR is to provide the railway
community with a commonly accepted, practical and validated methodology, and a user-
friendly prediction tool for ground vibration impact studies. This tool will be used for
environmental impact assessment of new or upgraded railways on a system level. It will
provide access to ground vibration predictions to a wider range of suitably qualified engineers.

The SILVARSTAR prediction tool is based on a hybrid approach that combines the advantages
of both numerical and experimental methods. As with international standards, the general
framework adopted expresses the vibration level in buildings as the product of terms
describing a source, a propagation term and a receiver; each of these terms is frequency-
dependent and can be represented by numerical prediction or by experimental data.

The prototype of this hybrid numerical / experimental prediction tool was developed and
provided to all partners of the SILVARSTAR project. After partner feedback, improvements
were added in a final version.

This document presents an overview of the underlying computation theory and provides
support to those beginning to use the SILVARSTAR prototype software. This prototype is
verified and validated (Deliverable D1.3) and will be fully integrated with the existing noise
mapping software IMMI developed by Wodlfel in WP3. The current excel format for the
database will not be the same in IMMI, but the data and metadata will be the same. A specific
user’s guide will be written for IMMI.
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2. Theory

The complete theory is presented in detail in Deliverable D1.1 [1]. This section gives an
overview of the different computation schemes in the SILVARSTAR prediction tool.

The vibration level in a building is decomposed as the product of terms describing the source,
the propagation and the receiver. Figure 1 illustrates the global concept with this
decomposition.

User input data SILVARSTAR database Project data
GRAPHICAL USER INTERFACE for INPUT
/ SOURCE Y PROPAGATION Y RECEIVER
Train
Track Geotechnical data
Unevenness Dynamic soil characteristics
Subgrade Soil layering

> L \> Building typology
N ) Building materials

Foundation type

E 4+ ®

o o AN
GRAPHICAL USER INTERFACE for OUTPUT and POST-PROCESSING
Spectra 2D/3D maps GIS format Standards

Figure 1 Ground vibration prediction process and integration of GUIs.

Each component (Source, Propagation or Receiver) may come from numerical or empirical
results. The SILVARSTAR prototype deals with four computation scheme processes for
combination of source and propagation:

Fully empirical.

Fully numerical.

Hybrid model 1: numerical source model combined with an empirical propagation
term.

Hybrid model 2: empirical source term combined with a numerical soil model.
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The receiver term (the building’s coupling loss) is always calculated as a combination of
adjustment factors [1]. These describe the transmission of vibration from free field to the
building foundation, from the foundation to the various floors and the sound radiation into
the rooms from the floor vibration.

For the fully empirical computation, the source can be described by one of these terms:
- The force density at rail head, Lr (X,x1), with excitation on the track (rail head).
- The equivalent force density below (or next to) the track, Lr (X1,x1) with excitation at
positions X1 under or next to the track.
- The vibration level next to the track, Ly (xref), at a reference distance xrf from the track.

The soil propagation term has to be consistent with the source term:
- Line source transfer mobility from rail head, TM_ (X,x1).
- Line source transfer mobility from excitation below (or next to) the track, TMy (X1,x1).
- Difference in line source transfer mobility, ATM(Xref, X1).

The vibration levels are then computed using one of these equations, depending on the terms:
Ly (X1) =Lf (X,Xl) + TM\, (X,X1)
L\/ (X]_) = LF (Xl,Xl) + TML (Xllxl)
Ly (Xl) =L (Xref) + ATML(Xref, Xl)

NB:

The user specifies the type of data when importing them, so that the tool automatically applies
the appropriate combinations of source and propagation terms.

In the tool, measurements performed with impacts next to the track (force density or line

source transfer mobility) are treated the same way as if they were measured below the track
(i.e. where the track will be laid for new network project).
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The train-track-soil interaction problem is solved in the frequency-wavenumber domain, using
train and track models, and pre-computed soil data.

The numerical source (train and track) is described by:
- a train composition and parameters (distance between axle and bogie, mass, spring
and damping).
- atrack composition and parameters.
- unevenness spectra for the rail and the wheel.

The numerical propagation term (soil) is described by pre-computed transfer functions and
impedances. Several cases are included in the database: 5 homogeneous soils and 7 layered
soils covering several types of soil in Europe [2].

Several assumptions are made:

- The track compliance is computed for a stationary load.

- The axle loads are applied at a fixed positions instead of moving along the track with
the train speed. This corresponds to a low speed approximation for which the Doppler
effect is neglected.

- The axle loads are assumed to be incoherent.

All assumptions were made to reduce the computation times without losing accuracy of the
results. They are validated in Deliverable D1.3 [3].
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For the hybrid 1 computation scheme, the same equations as for the empirical approach are
used (section 2.2). The appropriate source term (force density Lr or vibration level L) is
computed based on the same approach as in the fully numerical computation scheme (see
section 2.3), and is subsequently combined with the measured propagation term (line source
transfer mobility TM or ATM,).

When importing an empirical propagation term, the user must specify several pieces of
information (called metadata) to be able to combine it with an appropriate numerical model
for hybrid computations.

For the hybrid 2 computation scheme, the same equations as for the empirical approach are
used (section 2.2). The propagation term (line source transfer mobility TM. or ATM,) is
computed numerically based on the same approach as in the fully numerical computation
scheme (see section 2.3), and is subsequently combined with the measured source term (force
density Lr or vibration level L,).

When importing an empirical source term, the user must specify several pieces of information

(called metadata) to be able to combine it with an appropriate numerical model for hybrid
computations.
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3. User’s guide
The installation procedure for the software is described in Appendix 1.

The prototype tool fits with the global theoretical decomposition, and is hence based on an
architecture with three tabs (Source, Propagation, and Receiver).

For each term (source, propagation, or receiver), the element can be provided from the
numerical or the empirical database. As presented in section 2, the SILVARSTAR prototype

software is able to combine empirical and numerical databases.

Database management:

To ensure that the prediction tool is capable of rapid large-scale calculations and is accessible
to a wide range of users, it was built around an extensive database of both measured and pre-
computed data [2]. The database includes sets of data describing vehicles, tracks, unevenness,
and soil and building transfer functions.

However, if a new element is needed, the user can augment the database with their own data
following sections 3.1 to 3.4:

- Section “3.1 Create a new numerical source”,

- Section “3.2 Create a new empirical source”,

- Section “3.3 Create a new propagation term”,

- Section “3.4 Create a new receiver”.

NB: a new numerical receiver (transfer functions computed externally) can be added using the
“new empirical” process.

Computations and plots:

The procedure to start a computation is described in section “3.5 Start a computation”.

The section “3.6 Analysis — Velocity and Noise levels” explains all steps and functionalities to
plot the results.

The sections are written as step-by-step procedures to enable any user to easily perform a
computation.
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To create a new numerical source, click on “New Source Numerical” in the main Menu, in the
“Source” tab.

4 Siarstar - prota (2= [Eoh =<

Analysis ~
Source | Propagation | Receiver| @
INSTRUCTIONS,
Availale data Loaded data
SELECTION OF SOURCE, PROPAGATION, RECEIVERS
Select e Tan | o | Tt e Sl om Group | Speed Gpry|| | MM MAn e, select Sources, Propagsaions, Receivers

1 O twentc. Em Intercky et Mincent Mot measured 1 v I sach tab, you load ans or severalitems and dsfine paramelers (speeds,

3 [ LNcenT_Th.. Emp Hohspeed  Nen Mincent  Not measureq: 3 M distance)

3 []  DI1_CT_BT.. hum Intercty ICT_1 _wagon 602 Nane 3 M *ou can define several speeds for each source,

a B Lnesntica num ) = = — bout you can only specify one distance for each receiver

= 4 - Each ftem is included in one group

5 0 Lncent Thal... kum Highspeed - Thalys train - kilincent [None @110 G3 for sources, G410 GE for propagations, GT 1o 69 for receivers,

§ = Lincert_Thal._. Num High speed  Thalystrain  kilincent_sof . Mone,

5 O w01 Temz... Tremway  Tram_2 Balast Tram 0 = v IMPORT NEW DATA

. T mea, i E— T e = In each1ab, you can import or create new data

9 E  etice_fradn...num ercty  ica Wincent  Mone SET.LP AND RUN COVPUTATIONS

n [ =01 _tra ... Num Interoty ictod ston Nare VAhen you have selected sl kems, you can click on "Set.up compustions™:
this will open an excel file o specify which groups are computed.

g i v Then save and close the excel fie and press the "Compute” kutionto launch
computations.
ou donit have t Set-up compUEtions if you tonit macify the cameingtion of
Groups that must be computes
By defaLlt, the computations are done for G1+G4+G7.
e ‘ | l e B
Set-up computations l I Compute l

Figure 2 Main Menu — create a new numerical source.
The creation of a new numerical source requires the user to fill in the three new tabs “Train”,

“Track” and “Unevenness” before clicking on “Validate” (or “Cancel”) at the end. These tabs
are described in the following paragraphs.
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Step 1: select the type of train to be used as the basis of your new train.

“Unsprung mass” for an axle alone. The mass is editable (step 3).

“Generic vehicles” is an open vehicle model, enabling to associate and combine several
types of vehicle (e.g. 1 Loco, 5 Wagons, ..., 1 Loco). Lengths, mass, stiffness and
damping are editable (step 3). Some examples below describe this case in more detail.
“ICT 1 wagon” for coaches carried by 2 bogies with 2 axles each. Lengths, mass,
stiffness and damping are editable (step 3).

“ICT 4 wagons” for 4 coaches carried by 8 bogies with 2 axles each. Lengths, mass,
stiffness and damping are editable (step 3).

“Tram 1” and “Tram 2” are complete train compositions with some suspended
coaches. Lengths, mass, stiffness and damping are editable (step 3).

“Metro 1 wagon” for coaches carried by 2 bogies with 2 axles each. Lengths, mass,
stiffness and damping are editable (step 3).

“Metro 5 wagons” for 5 coaches carried by 10 bogies with 2 axles each. Lengths, mass,
stiffness and damping are editable (step 3).

Step 2: click on “1 - Load” to add the train type to be used as the base of the new train.

Step 3: clicking on “2 — Edit (Open Excel)” will open an Excel file called “SourceNuminit.xlsx
(see Figure 4) to edit parameters (length, mass, stiffness and/or damping). Whenever you
want to modify a parameter, you have to click on the “2 — Edit (Open Excel)” button.

"4 Silvarstar - prato o al=s
Analysis ~
*, = g
hift2Rail B
Source Propagation | Receiver @
Mesy numerical source
Train | Track | Unevenness INSTRUCTIONS:
SELECTION OF SOURCE, PROPAGATION, RECEVERS
R —— Inthe main tabs, selact Sources, Propagations, Receivers
Beloble et - One choice orly L oaded data In each tah, you load ane or several tems and define parameters (speeds,
distance).
fou ean define seversl speeds for each source,
bt distance for each receiver
Select Name Trlmems Each flem is Incluted! in one group
G110 G for sourees, G4 to G5 for propagations, G7 to GS for receivers
1 Unsprung - — 1
2 Generic_vehicles 1-Losd 2 IMPCRT NEW DATA,
3 1ET_1 _wagon In 2ach tab, ¥ou can import o crests new data
g CT__wegons | u SET-UP AND RUN COMPUTATIONS
5 Tram_t E St 2 Wihien you have selected all fems, you can cick on "Set-up compLtations"
6 Tram_2 e p k] L] G this il open an excel fil te specify which groups sre computed.
7 Metro_1_wagon Then sav= and clos= e oxcs fleand prs e Corpute”ontalaunch
I — computati
8 Metro_5_wagons 2 .- Ecit (Open Excel) St 3 “ou dant have to set-up computations if you dent modify the combination of
9 G = e p araups that must be computed
3-0K I By defaut, the computations are done for G1+G4+67.
Setup computations ‘ ‘ Gomputs

Figure 3 “New source numerical” interface — “Train” tab.
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It is possible to change any of the values (green cells):

WO =l G B W R e

e e =
BowoMmoe O

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

34

Model name: name of the vehicle.
Train type: select one of proposed terms.
Mass, stiffness, damping, length, etc.

AN

SILVARSTAR

B C D E F G H
|
m m !
. . |
k '::.l.c: e ks 3 L6 ,;-::_.:I!.c;
r-‘\ r-‘ll My my
wEle kZle wEle kZle ifll-c 1-if|;-c.
my | m, m ; My | My ) My _. My )
“ ——
only green cells are editable
model type model name train type (Unsprung, Freight, Metro, InterCity, Tramway, High speed)
10(Several vehicles |Intercity
property symbol unit value value value
Vehicle name vehicle_1 vehicle_ 2 |vehicle_3
vehicle length Iv m 18.5 15.8 18.5
car body mass mc kg 55000 90000 55000
bogie mass (without axles) mb kg 15000 2100 15000
Wheelset mass (without tread) [mw kg 2100 1400 2100
Wheeltread mass mwt kg 0 0 0
Axle distance Iw m 2.6 1.8 2.6
Bogie distance b m 10.5 9 10.5
primary suspension stiffness k1 N/m 4.00E+06 5.00E+06 4.00E+06
primary suspension damping  |c1 N/{m/s) 3.30E+04| 4.00E+04|  3.30E+04
secondary suspension stiffness |k2 N/m 1.80E+05 1.00E+08 1.80E+05
secondary suspension damping |c2 N/(m/s) 4.50E+04 2.00E+04| 4.50E+04
wheel resilient ring stiffness kr N/m
wheel resilient ring damping  |[cr N/{m/s)
number of axles na 4 4 4
number of bogies nbo 2 2 2
number of repetition nrep 1 4 1

Figure 4 Train parameters for the new numerical source — example of a model with generic

vehicles.

NB: The most important value is the unsprung (wheelset + wheeltread) mass. If there is no

wheel tread, leave the value of “Wheeltread mass” as 0 kg.

When the train definition is finished, save and close the Excel file. Click on “3 - OK” (from the
“Train” tab). The following pop-up message will appear to confirm train creation. Click on

IIO KH .

—

A\

o] & ==

Your train has been set-up ; you can set-up the track and the unevenness

in the other tabs

Figure 5 Pop-up message after train validation.
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Some examples are presented in the following figures, based on the generic vehicle model.

A B C D E F G

1

2

3

4 il "

3 [} 8 [t & & _-- L & Wy 7_—I.| x

] m, my ||.|, -’"\

7 hiEgs hEge hELe mEle k& T LEle W e

8 i \

m, L m, [ my e My

9 * d - la -

10 + " - | »

11

12

13

14

15 maodel type model name train type (Unsprung, Freight, Metro, InterCity, Tramway, High speed)
1a 10|ica Intercity

17 property symbaol unit value

15 Vehicle name locoHLEL3 centrallll sidel11BDx

19 vehicle length v m 15.11 264 264
20 car body mass mc kg 0 0 0
21 bogie mass (without axles) mb kg 0 0 0
22 Unsprung wheelset mass mw kg 2823 1500 1544
23 axle distance Iw m 3 2.56 2.56
24 bogie distance 1b m 10.4 184 184
25 primary suspension stiffness |kl N/m 0.00E+D0D 0.00E+00 0.00E+D0D
2a primary suspension damping |cl N/[(m/=) 0.00E+00 0.00E+00 0.00E+DD
27 secondary suspension stiffnesgk2 N/m 0.00E+D0 0.00E+00 0.00E+D0
25 secondary suspension dampingc? N/[{m/s) 0.00E+D0 0.00E+00 0.00E+DD
29 number of axles na 4 4 4
30 number of bogies nbo 2 2 2
31 number of repetition nreg 1 11 1

Figure 6 Example with an IC-A train composed of 1 locomotive, 11 intermediate vehicles and
one side vehicle.
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train type (Unsprung, Freight, Metro, InterCity, Tramway, High speed)

model type model name

10|Example_4wagons |Intercity
property symbol unit value
Vehicle name wagon
vehicle length Iv m 25
car body mass mc kg 19000
bogie mass (without axles) mb kg 3200
Wheelset mass (without tread) [mw kg 560
Wheeltread mass mwt kg 100
Axle distance lw m 1.8
Bogie distance Ib m 11.7
primary suspension stiffness k1 MN/m 1.00E+08
primary suspension damping  |cl N/[m/s) 1.60E+04
secondary suspension stiffness |k2 N/m 8.00E+06
secondary suspension damping |c2 N/[m/s) 1.20E+04
wheel resilient ring stiffness kr N/m 3.20E+06
wheel resilient ring damping  |cr MN/(m/s) 3.00E+04
number of axles na L]
number of bogies nbo 2
number of repetition nrep 4

Figure 7 Example with a 4 wagon train with resilient wheels.
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model type model name train type (Unsprung, Freight, Metro, InterCity, Tramway, High speed)
10|Several vehicles |Intercity
property symbol unit value value value
Vehicle name loco_1 f_wagon loco_2
vehicle length v m 18.5 15.8 18.5
car body mass mc kg 55000 950000 55000
bogie mass (without axles) mb kg 15000 2100 15000
Wheelset mass (without tread) [mw kg 2100 1400 2100
Wheeltread mass mwt kg 0 0 0
Axle distance lw m 2.6 1.8 2.6
Bogie distance b m 10.5 9 10.5
primary suspension stiffness k1 N/m 4.00E+06 5.00E+06 4.00E+06
primary suspension damping  |cl N/{m/s) 3.30E+04| 4.00E+04| 3.30E+04
secondary suspension stiffness |k2 N/m 1.80E+05 1.00E+08 1.80E+05
secondary suspension damping |c2 N/{m/s) 4.50E+04|  2.00E+04| A4.50E+04
wheel resilient ring stiffness kr N/m
wheel resilient ring damping  |cr N/{m/s)
number of axles na 4 4 4
number of bogies nbo 2 2 2
number of repetition nrep 1 4 1

SILVARSTAR GA 101015442 D 1.2 Description of the vibration prediction tool

locomotive.

Figure 8 Example with a freight train composed of 1 locomotive, 4 freight wagons and 1
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Step 1: select the type of track to be used as the basis of your new track, from the 9 possible

choices (Table 1).

Table 1 Track database to create a new track

BALLAST SLAB

bt01 st01

(standard rail pads) (main line Rheda slab track with standard rail pads)
bt02 st02

(soft rail pads) (tramway slab track with standard rail pads — level 0)
bt03 st03

(very soft rail pads) (tramway slab track with soft rail pads — level 1)
bt04 fst01

(standard rail pads, stiff under sleeper pads) (floating slab track — level 2)

bt05

(standard rail pads, soft under sleeper pads)

Detailed parameters are listed in the deliverable D2.1. All parameters are editable (step 3).

Step 2: click on “1 - Load” to add the type of track to be used as the basis of the new track.

Step 3: clicking on “2 — Edit (Open Excel)” will open an Excel file called “SourceNuminit.xlsx
(see Figure 4) to edit track parameters (track type, masses, stiffness and/or damping).
Whenever you want to modify a parameter, you have to click on the “2 — Edit (Open Excel)”

button.
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[@] Sitvarstar - proto

SILVARSTAR

Source | Propagation | Receiver

Analysis

New numerical source:

Track | Unevenness INSTRUCTIONS:
SELECTION OF SOURCE, PROPAGATION, RECEIVERS
Tt Inthe main taks, selest Sources, Prapagations, Reeeivers .

Load Track data
Ineach tak, you load ane or several fems and define parameters (speeds,

distance),

Losded dia
Vau can tefine several speeds for sach saurce,
bt you can only Specify one distance for esch receiver
fs Eachfem s included in one groun
S hame Type | Comments 110 63 for sources, G4 to G5 for propagations, 67 to GA for receivers
1 0 eo balast St raipad 1
3 O w2 balast soft raipact P MPORT NEW DATA,
3 0 e balast very sattrai 3 In esch te, you can import o create new dta
a| B oo et usp St 4 SET-UP AND RUN COMPUTATIONS
5 O wos balast usp soft St e p 2 “hen you have selected allitems, you san click on "Set-up compudalians' this
6 0 so st Redha te p il open an excel fleto speeiy which sroups are computect
5 0 e feo feven Then'save et loss e excl o s " Conpte ionto urch
computations
8 B s slah levelt Voul dorft s set-up compLtaisns f you dont modity the ceisination of
9 0 e fosting More oroups thet must be compte
By defaut, the conpuations are done for G1+G44G7.
2- Edt (Open Excel) )
S— 3-0K ]

Figure 9 “New source numerical” interface — “Track” tab.
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It is possible to change any of the following values (green cells): Young’s modulus, mass,
stiffness, damping, etc. to transform the existing track (used as a basis) into the new track.
The shadowed cells are not editable, and depend on the type of track.

For ballast track, the soil width interface is needed (cell “D34”). For slab or floating slab tracks,
the width of the slab is required (cell “D25”)

A B C o]
1
2 Project: name
3 Track name: bto1l
4 Track description: ballast
5 Track type: 2
6 Track ID n™: 2
7 Comments std railpad
-1 Type: UIC60
9 Er Young modulus (GPa) 210
10 El, Vertical bending stiffness (M.m"2) 6.4
11 RAIL Mr Mass per unit length (kg/m) 60
12 nr Vertical damping factor 0.02
13 Ve Poisson’s coefficient 0.3
14 pr | Mass density per unit volume (kg/m"3) 7850
15 Kr Shear coefficient 0.4
16
17
18 PADS d Pad distance (sleeper distance) (m) 0.6
19 N Vertical damping factor (C/Cerit) 0.2
20 [ Vertical stiffness (MN/m = kN/mm) 300
21
22 | SLEEPER Se surface (1/2 sleeper) (m?) 0.325
23| (half) M Mass (1/2 sleeper) (kg) 162.5
24
75 Ws Width (m)
26 H Height (m)
27 SLAB E Young's modulus (MPa)
28 Ely: Vertical bending stiffness (N.m"2)
29 p Density( kg/m"3)
30 M Mass per unit length (ka/m
31
37 BALLAST Ne Velrtical dampingl factor (C/Cerit) 0.4
33 or MAT Ke stiffness per unit area (MN/m3) 462
34 b soil interface width( m) 3

Figure 10 Track parameters for the new numerical source.

When the track is finished, save and close the Excel file.

Click on “3 - OK”. The following pop-up message appears to validate track creation. Click on

IIO KH .

—

4

tabs

=)

Your track has been set-up | you can set-up the unevenness in the other

Figure 11 Pop-up message after track validation.
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Several unevenness spectra are selectable. Rail and Wheel unevenness both have to be
defined. If necessary, a ‘None’ (wheel or track) unevenness is selectable. However, something
has to be selected for both components.

The ‘select’ column accepts only one choice, which will be applied. The ‘Display’ column
enables several choices to visualize different unevennesses.

) Siverstar - prto e
Analysis -
SII_\//\RS IAR‘ hift-Rai i
Source | Propagation | Receiver| @ .
New numerical source.
Train | Track  Unevenness INSTRUCTIONS:
SELECTION OF SOURCE, PROPAGATION, RECENVERS
Une: In the main tabs, select Source: Receivers
Rail -
hems and defin parameters (spseds,
e e o= | ou oan define ssveral speeds for ssch source,
T m l:l D but you can only specify one distance for each receiver.

1 for lone ol Each ftem is inclusdedl in one group

z et FR& ] 0o G7to G3 for sources, G4 to G6 for propagetions, G to 8 for racsivers:

3 a2 FRa2
IMPORT NEW DATA

4 a3 L) ] In each tab, you can import or create new deta.

s s Tons B 5]

& a5 FRAS B il SET.LP AND RUN COMPUTATIONS

lires a & B have sslected al ems, okon

M- pliek NS this wil open an excel fle o specity whish ofoups are compute
L] D D - Then save and close the excel file and press the "Compute” button to launch
rr rt camputations
Rail You don't have to set-up computations it you dont moity the combingtion of
100 T groups that must be computed
By defautt, the computations are done for G1+G4+G7.
20 I | |
10% 10! 10° 10! 102
Wavelength [m]
Valiciste (Trsin, Track and Unevenness) I [ Cancel
Set-up computations l [ Compute l
Figure 12 “New source numerical” interface — “Unevenness” tab.
Unevenness
Wiheel -

Marne Description Select Display
Mone
Cast-iron tread
Composite
Disc brake

oOoooO
OOEEO

Tram

Figure 13 “New source numerical” interface — “Unevenness” tab —zoom.
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Table 2 lists the unevennesses available in the pre-defined database. The database can be
enriched by user inputs. The user will simply add a line in the corresponding excel file

(\Database\Roughness_database.xlsx)

Table 2 Rail and wheel unevenness list in database

Name Description Type
None None Rail
fral FRA 1 Ralil
fra2 FRA 2 Rail
fra3 FRA 3 Rail
frad FRA 4 Ralil
frab FRA 5 Rail
fra6 FRA 6 Ralil
is03095 ISO 3095 Rail

bt hs or well maintained HS or well maintained — ballasted Rail

bt normally maintained Normally maintained — ballasted Rail

bt _not_well_maintained Not well maintained — ballasted Rail
bt_freight line Freight line Rail

bt tram_line Tram line —ballasted Rail
bt_normally _maintained_and_corrugated Normally maintained and corrugated — ballasted Rail

bt not well maintained and corrugated Not well maintained and corrugated — ballasted Rail
st hs_or well maintained HS or well maintained — slab Rail
st_normally_maintained Normally maintained — slab Rail

st _not well maintained Not well maintained — slab Rail
st_tram_line Tram line (embedded) — slab Rail

st normally maintained and corrugated Normally maintained and corrugated — slab Rail
st_not_well _maintained_and_corrugated  Not well maintained and corrugated — slab Rail
fra-lincent Fra lincent Rail
None None Wheel
Cast _iron_tread Cast-iron tread brake Wheel
Composite Composite brake Wheel
Disc_brake Disc brake Wheel
Tram Tram Wheel
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When the three components (Train, Track and Unevenness) have been selected and edited,
the new numerical source is ready to be validated. Click on the “Validate (Train, Track and
Unevenness)” button. This will create and add the new numerical source to the
“Current_project” folder. This source appears and is now selectable in the main tab “SOURCE”.

T4 Sihvarstar - prota =0 o=
Analysis ~
SII_\//\RS IAR‘ hift-Rai
Source | Propagation | Receiver| @ .
New numerical source
Train | Track | Unevenness INSTRUCTIONS:
SELECTION OF SOURCE, PROPAGATION, RECEIVERS
Unevenness lect Sources, Propagations, Receivers
Rail -
= and define parameters (spesds,
Name G Select Display You ean define seversl spesds for each source,
N m & 0 hut yau can only specify one distance for each receiver
i one Each Rem s includd in one group
2z FRA&1 [al =] G710 G3 for sources, G4 to GE for propagations, G7 to 58 for receivers.
3 a2 FRa2
IMPORT NEW DATA
a3 FRA3 v
4 b I each tab, you can import or create new dets
5 [irsd FRA4 B ]
6 [fras FRAS & &]
L et o o o this wil I fieto specify which wted.
is will open &n excel fi 1o specify which rOUPS are compLte
§_[s03095 Bossd g =] > Then save and ciose the excel fil and press the "Compute” button to launch
— = computations.
Rail ou donit have to Set-up omputations if you tont mocity the cambinetion of
1o T groupsthat must be computed
E —— a2 By default, the computationss are dons for G1+04+G7.
$ 80 fra3 |
3
® 60 -
o
o 40 8
@ 20 B
>
g 0 B
[
o I ! !
10° 10’ 10° 107! 102
Wavelength (m]
L
Set-up comptations l { Compute l

Figure 14 “New source numerical” interface — “Unevenness” tab — for VALIDATION.

The “Cancel” button goes back to the main menu without adding the new numerical source.
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To create a new empirical source, click on “New Source Empirical” in the main Menu, in the
“Source tab”.

4 Siluarstar - proto

Analysis
Source | Propagation | Receiver @
INSTRUCTIONS:
Available deta Loacked data
SELECTION OF SOURCE, PROPAGATION, RECEIVERS
Select Warne Type Train type | Train_model | Track model [Wheel_rough Name Group | Speed (kph) Inthe min tabs, select Sources, Propagstions, Receivers

1 O LNCENTE.. Emp Intercty JoN Mircert ot measurcd 1 - In eachtals, yau load one or several Rems and define parameters (speeds,

2 (] LNCENT_Th.. Emp Hghspeed  Nahl btincent hiot measured B . distance).

3 (] DH1_CT_ET.. Num Intercty ICT_1_wagon b0z hore 3 . *ou can define several speeds for sach source,

a [ LncentJcA Hum Mercty o oo r bout you can only specify ane disteance for each receiver

= 4 - Each ftem is inciuded in one groug

5 [7]  Lincent_Thal... Num Hghspeed  Thelystrain tlincent  Mane 6110 G3 for sources, G4 fo 56 for propagstions, G 1o G8 for recsivers.

3 [[]  Lincert_Thal... Num Hghepesd  Thalystrain  biincent _sof... None

7 ] 01 _Tram?Z_... hum Tramway Tram_2 Ballast Tram [ . a IMPORT NEW DATA

5 oot i v ieroty et T o In eachals, you can impert or creste new data

g [[] it _ica_fradin... Num Intercty ica btincent hore SET-UP AND RUN COMPUTATIONS

) [[] st _frab jc.. Num Intercty ictnd stoi hore VAhen you have selected ol tems, you can click on *Set-up compuations™:
this wil open an excel fleo specfy which groups are computed

A 0 = v Then save and close the excel file and press the *Compute” button to launch
compLtstions
“au don't have to set-up computations if yau don't macify the combination f
groups that must be computed,
By tetaL, the computations are done for G1+G4+G
New Source Mumerical ‘ l New Source Emplical

Figure 15 Main Menu — create a new empirical source.
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An empirical source may be defined by:
- An equivalent force density at the rail head,
- An equivalent force density below (or next to) the track,
- Avibration level next to the track.

Depending on the type of new empirical source, click on the corresponding “Excel open”
button.

"4\ Silvarstar - proto =ri=l X |

Analysis

SILVARSTAR

Source | py ition | Receiver C

New empirical source

INSTRUGTIONS
You can import data by clicking on one of the button Excel open Then Fill in the excel file, save it and closs it Then press Validate to SELECTION OF SOURCE, PROPAGATION, RECEIVERS
save and go back to the main tab In the main tabs, select Sources, Propagations, Receivers -

In each tab. you load one or several items and define
parameters (speeds, distance).

You can define several speeds for each source,

but you can only specify one distance for each receiver.

Each item is included in one group -

G110 G3 for sources. G4 to G6 for propagations. G7 to G for
receivers.

Load new empirical source

Import equivalent force density rail heads (dB) Excel open

Import equivalent force density next to track (dB) Excel open
IMPORT NEW DATA

In each tab, you can import or create new data

Import vibration level next to track (dB) Excel open SET-UP AND RUN COMPUTATIONS
When you have selected all items, you can click on "Set-up

comptations™ this will open an excel file to specify which
Validate groups are computed.

Then save and close the excel file and press the "Compute”
button ta launch computations

You don't have to set-up computations if you don't modify the
combination of groups that must be computed.

By default, the computations are done for G1+G4+GT.

Set-up computations

Figure 16 “New source empirical” interface.

To go back to the main menu without adding a new empirical source, click on “Validate”.
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A new interface page is opened: fill in the new empirical source information (name and
metadata), and click on “OK”. The metadata are presented in Figure 17, and detailed in Table

3 below.

The Cancel button returns to the “new empirical source menu”.

Elnput

(=] & =]

Enter empinical source name
i ith extent

VTR 08 A0 W
' Lf rail_head”

=mp_source_name_Lf_rail_head

Train type (Freight, Metro,
InterCity, Tramway, High speed)
Freight

Speed (kph)
100

Train length [m]
25

Number of axles

18

Track model (bt01, bt02, bt03,
bt04, bt05, st01, st02, st03,
fst01)

bt

Soil (soft, medium, stiff)
meddium

Wheel roughness

Rail roughness

Figure 17 New source empirica

[o] & =]

Enter empincal source name
i O C: ith

Elnput

Train type (Freight, Metro,
InterCity, Tramway, High speed)

Freight

Speed (kph)
100

Train length [m]
25

Number of axles
18

Track model (bt01, btD2, bt03,

bt04, bt05, st01, st02, st03,
fst1)

bt

Soil (soft, medium, stiff)
medium

Wheel roughness

Rail roughness

I”

(o] ® ==

Enter empincal source name
ithaut-space and with extent

Elnput

ce_name_|Lv

Train type (Freight, Metro,
InterCity, Trarmway, High speed)

Freight

Speed (kph)
100

Train length [m]
25

Number of axles
18

Track model (6101, bt02, bt03,
btd4, btd5, st01, stD2, 5103,
fst01)

kit01

Soil (soft, medium, siff)
medium

Wheel roughness

Rail roughness

name and metadata.

NB: Be careful with the name length. The total maximum characters allowed is 31.
An equivalent force density measured next to the track can be imported as “Lf below_track”.

After clicking on “OK”, the Excel file “Empirical_source.xIsx” is opened, and adds a new tab
with the name and metadata on the left side based on the information provided (Figure 18).
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The metadata sets are described in Table 3. They are mostly important for hybrid
computation, to ensure compatibility with the soil numerical model. If the user does not
specify one of the metadata, the default value (if available) is used by the tool.

Table 3 Data and associated metadata for empirical source terms

Metadata .
. . Possible values
Data type (cell in excel file - . Comments
. Default value in bold
Figure 18)
Train Type Freight / Tramway / Intercity / .
No default value, th fied
(“D9”) Metro / High speed o default value, must be specifie
Train speed
(“D10”), length
(“D11”) and Any number No default value, must be specified
number of axles
Lr (X,x1), at (“D12”)
rail head
btXX: ballasted tracks
or Track model bt01 /... /bt02 stXX: slab tracks
(“D15”) st01 ... See descriptions in the excel files when
importing data, and in Table 1
Lr (X1,x1), : &
below the Based on the RIVAS project, this depends on
track ) the Cs wave of the main soil layer
Soil model . . e
o soft / medium / stiff - Cs < 180 m/s => 'soft
(“D16”) ' P
Or - 180 < Cs < 360 m/s => 'medium
- Cs >360m/s => 'stiff"
Lv (Xref) next
Wheel Choose one of the wheel unevenness in the
to the track None / Cast-iron tread / .
unevenness Composite / Disc brake / Tram excel database (extract in Table 2)
(“D17”) P (\Database\Roughness_database.xIsx)

Rail unevenness
(”D18”)

bt_normally_maintained /
bt_hs_or_well_maintained...
st_normally_maintained / ....

Choose one of the rail unevenness in the excel
database (extract in Table 2)
(\Database\Roughness_database.x|sx)

NB: The default value for rail unevenness depends on the track form (ballast or slab).
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As illustrated in Figure 18, enter the values (third octave band spectra in dB, the reference
information is written in cell “D7”) in the green cells (column “J”).

A B C D E F G H I J

1

2 Information Measured data
3 distance (m)
4 ITEM VALUE UNIT frequency (Hz} 4
5 Type of source: Lv 1
6 Unit of measured data dB 1.25
7 dB ref. 5.00E-08 my's 1.6
8 2
9 Train type 2.5
10 Train speed kph 3.15
11 Train length m 4
12 Train number of axles 5
13 6.3
14 siated models in database (used for hybrid comput: 8
15 Track 10
16 Sail 12.5
7 Wheel roughness 16
18 Rail roughness 20
19 25
20 31.5
21 Track model 40
22 see D1.2 and detail below 50
23 63
24 Soil model an
25 See D2.1 chapter 5.1 and detail below 100
26 125
- R_oughness _ 160

- if not measured -> chose roughness in the database

28 ("Path" \Database\Roughness_database.xlsx). Otherwise, a 200
29 default roughness data will be associated (normally 250
30 maintained). 315
31

372 - if measured : first add measurements in the database, then

33 select the corresponding name here

Figure 18 “New source empirical” values and parameters — example for source defined by
measured vibration levels

NB: the input units cannot be changed. If the user has data in other units, they must convert it
before importing.

For types “Lv” and “Lf below the track”, the distance parameters have to be added above the
source values (cell “J4”).

When the data is complete, save and close the Excel file.
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To create a new propagation term, click on “New Propagation” in the main Menu, in the
“Propagation tab”.

4 Silvarstar - prota

SILVARSTAR

Propagation | Receiver @

Analysis

INSTRUCTIONS,
Available data Loaded deta
SELECTION OF SOURCE, PROPAGATION, RECEIVERS
Inthe maintabs, select Sources, Propagations, Recelvers
Select Name Type Soiltype [Transfer function type Name Group P
1 (=] soft_sail R sott 1 - In sach tak, you load one or several items and define parameters (spesds,
2 Bl medium_sail Num Medium 2 - distance]).
“ou can define several speeds for each source,
3] B i pun ot 3 - b1 s 2 ol speci o distance fo sach eceiver.
] [ tincent soil Nim Lincert 4 - Each tem s incuced in ane group
5 [ LNGENT_TML h... Emp Lincert L rail headt O 2 63 for sources, GHa G6 for propagations, 57 to G for receivers
3 [ Medium_sail DT... Emp Mgk DTHIL below track ——
7 [ Medium_sail DT... Emp Mg DTHIL beloww track I eachtab, you can inpor o creete new dete
8 (] Medium_sail_TH... Emp Medium L below track
9 [ Medium_sail_TH... Emp Medium L rail headt SET-LP AND RUN COMPLTATIONS
\hen you have seleeted il tems, you ean ek on "Sel-up computalions”
this wil apen an exce file to Specity which JOUS are CompLted,
Then sauve and oloss e excel fls and press ths "CompLte" kutton to lsunch

Gomputations
*fou don't have to set-up computations if you dorft modify the combination of
groups that must be computed

By disfault, the computations are dore for G1+G4+GT.

Import new propegation

Figure 19 Main Menu — create a new propagation term.
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A new propagation term may be defined by:
- Aline source transfer mobility at the rail head,
- Aline source transfer mobility below (or next to) the track,
- Adifference in line source transfer mobility.

Depending on the type of new propagation term, click on the corresponding “Excel open”
button.

4 Shststar - proto [E=SE=R =

Analysis ~

SILVARSTAR )

Propogotin| Rezsvr ;

Mew propagation
INSTRUCTIONS:

You can import data by clicking on one of the button Excel open. Then Filinthe excel file, save it and close &, Then press Yelidate 1o save and go back 1o the main SELECTION OF SOURCE, PROPAGATION, RECEIVERS
Inthe maintabs, select Sourees, Propagations, Recelvers

In each tak, you load one or several tems and define parameters (speeds,

distarce)
Load new propagation “ou can define several speeds for each source,
bt you can only specify one distance for each recelver.
Import ine source transfer mobilty il heads (dE) Excel open Esch ftem is Inclugied In ane grolk

31 to 3 for sources, 34 to GB for propagations, G7 to 08 for receivers.

IMPORT NEVY DATA
Import ine source transfer mokiity next to track (d5) Excel open In esch tals, you can import or creste new data,

SET-UP AND RUN COMPUTATIONS
Wihen you have selected al tems, you can click on "Set-up compLtations™

Import dittsrence in ine source transfer mokilty (d8) Excel open tris will open an excel fil to specify which groups are computed
Then save and close the excel fils and press the *Compute” bulton to launeh
somputations
“ou don't havsta set-up computations if you dort modify the combination of

Validate aroups thet must be computed

By defaut, the computations are done for G1+34+67

Setup computations ‘ l Compute, ‘

Figure 20 “New propagation term” interface.

To go back to the main menu without adding a new propagation term, click on “Validate”.

SILVARSTAR GA 101015442 D 1.2 Description of the vibration prediction tool 32 | 57


http://www.inaf.it/it/sedi/sede-centrale-nuova/direzione-scientifica/relazioni-internazionali/nuovo-logo-horizon-2020/view

. . SRR |orizon 2020 %
hlft Ral . European Union Funding A /l

for Research & Innovation SI LVARST/\R

A new interface page is opened: fill in the new propagation term information (name and
metadata), and click on “OK”. The metadata is described in Figure 21, and detailed in Table 4.

The Cancel button returns to the “New propagation term” menu.

oy =l o = ) e o] o e

Enter new empmcal propagation Enter new empirical propagation Enter new empirical propagation
e i space with extent 0 itho pace with extent
DTML_hammer

ey _propa_emp_name_ThiL _hammer

ey _propa_emp_name_DTML_hammer

Reference point ; distance from

Reference point : distance from Reference point : distance from
GraEiar excitation axcitation
[ ] 8
Soil type (soft, medium, stiff) Soil type [soft, medium, stiff) Soil type (soft, medium, stiff)
tiecliLim medium medium

Figure 21 “New propagation term” name and metadata.
NB: Be careful with the name length. The total maximum characters allowed is 31.

After clicking on “OK”, the Excel file “Empirical_propagation.xIsx” is opened, and adds a new

tab with the name and metadata on the left side based on the information provided (Figure
22).

The metadata sets are described in
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Table 4. They are mostly important for hybrid computations to ensure compatibility with the
source numerical model. If the user does not specify one of the metadata, the default value is
used by the tool.
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Table 4 Data and associated metadata for empirical propagation terms

Metadata (cell in
excel file - Figure 22
“New propagation

term” values and
parameters — .
Datatype | example for a line Possible Val,ues Comments
Default value in bold
source transfer
mobility measured
with impact at rail
head
)
Reference point
distance Any number Must be set
(“D8")
TML.and Based on the RIVAS project, this depends on
ATM . the Cs wave of the main soil layer
Soil type ) .
e soft / medium / stiff | - Cs <180 m/s => 'soft'
(“D9”) -180 < Cs <360 m/s => 'medium'
- Cs >360m/s => 'stiff"
TM, with btXX: ballasted tracks
impact at rai Track model bt01 /... /bt02 stXX: slab tracks
heads (“D10”) st01 ... See descriptions in the excel files when

importing data (Figure 22), and in Table 1
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As illustrated in Figure 22, enter the values (third octave band spectra in dB; the reference

information is written in cell “D7”) in the green cells (column “J” to “ii”, depending on the
distance).
A B C D E H I J K L M

1

2 Information Measured data

3 TML(dB) distance (m) distance (m) distance (m) distance (m)
4 ITEM VALUE UNIT frequency (Hz) 4 8 15 20

5 Type of transfer function: TML rail head 1

[ Unit of measured data dB 125

7 dB ref. 5.00E-08 {m/s)/(N/sgrt(m)) 1.6

] Reference point : distance from excitation 4 m 2

] Soil type medium 2.5

10 Track model 3.15

11 4

12 5

13 In the 'Soil type' value 3 possibility are expected : 6.3

14 "Soft", "Medium", "Stiff". 8

15 Based on the RIVAS project, this depend of the Cs 10

16 wave on tha main soil layer. 12.5

17 - Cs< 180 m/s => 'Soft’ 16

18 - 180 < Cs < 360 m/s => "Medium' 20

- Cs < 360m/s == 'stiff'

19 25

20 315

21 40

22 50

23 63

24 80

25 100

26 125

27 160

28 200

29 250

30 315

Figure 22 “New propagation term” values and parameters —example for a line source
transfer mobility measured with impact at rail head

The distance parameters for each measurement point have to be added in line “4” (see
examples in columns J, K, L, M in Figure 22). In the example, the measured distances are 4, 8,

15 and 20 m. The user can add any number of columns: one column per measured distance.

NB: the units (cells “D6” and “D7” in Figure 22) cannot be changed. If the user has data in
other units, they must convert it before importing.

When the data is complete, save and close the Excel file.
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To import a new receiver, click on “Import new receiver” in the main Menu, in the “Receiver
tab”.

[4] Sitvarstar - prota

SILVARSTAR

Source | Propagation| Recziver

Analysis

C
INSTRUCTIONS
Avsilable data Loaded dta
SELECTION OF SOURGE, PROPAGATION, RECEIVERS
e o Type | Database name|Cb2 - Building ype| b2 - Soi ypelC pr— Goup [Dumce Gy e mantas, skt Sources, Propagations Receiers
[} RVAS Emp RIVAS1 Houses Sott sail Cos 1 - In each tab, you load ane or seversl ftems and define parameters (speeds,
O Rvas Emp RIVAS2 Hauses Soft sol af B . cistance)
O Rvas Erp RIVAS 3 Housss Soft sol w 5 M You can define seversl speeds for each source,
4 - Each ftemis incluced in one greup
[ Rvas Erp RIVASS Houses Wedumsol G 110 G3 for souross, G4 to GE for propgetions, G7 to G for receivers.
[  Rvas Erp RAVAS 6 Houses Medumsal W
B RVAS Emp RIVAS T Hauses it ol = [MPORT NEW DATA
In each tak, you can impert or creste new deta.
[  Rvas Emp RVASE Houses Stiff sol c
] Rwas Emp RVAS Houses siif sol w SET-UP AND RUN COMPUTATIONS
] Rvas & RIVAS 10 Smalbuldngs  Softsol o YWhen you have Selected alems, you can elick on "Set-Up compLtatians”
- this wil open an excel fe 1o Specify which croups are computed
e Emo _ RVASTI Smal buldinos - Soft sol S Then save and clase the excel file and press the "Compute” button fo launch
computations:
Vou dontt have to set-up computefions if you dorit madify the combination of
croups thet must be computed.
By defalt, the computatians are done for 1+464+67.
I\ mport new receiver

Figure 23 Main Menu — create a new receiver.
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A new receiver may be added based on measurements or simulation. Click on “Excel Open” to
add a new receiver database.

& Sharstar - proto (2= EeR =

SILVARSTAR

Saurce | Propagation| Receiver

MNew Receiver

WSTRUCTIONS:
New Receiver
SELECTION OF SOLRCE, PROPAGATION, RECEVERS
Inthe mein tabs, select Sources, Fropagstions, Receivers
You can import cata by cicking on one of the button Excel open. Then Fil in the excel file, save it and close i Then press Valdste to save and go back to the main

teb In each tah, you laad one or several tems and define parameters (speeds,
distance)
Vou can define several speecs for each source,
but you Gan only specify one distance for sach receiver.

Each fiemis inclucedin one aroup

peachtdiacatel &1 o 63 for sources, Gé-to &6 for propagations, 7 to G for receivers.
Import new receiver

MPORT NEW DATA
In each tab, you can import oF create new dats.

SET-UP AND RUN COMPUTATIONS

Ve you have Selscted all tems, vou oan olick on "Set-Up comptations
this will open an excel fils to specity which aroups ars computed.

Then save and close the excel file and press the *Compute” button 1o launch
computations.

You dont have to set-up computations if you dorit maciy the cormbination of
aroups that must be computed

By default, the computations are done for G14G4+G7T

Set-up computations l l Cormpute l

Figure 24 “New receiver” interface.

To go back to the main menu without adding a new receiver, click on “Validate”.
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A new interface page is opened: fill in the new receiver database name and click on “OK”".

The receiver database can correspond to one measurement campaign on given sites for a line
construction project. Several buildings can hence be included in the same database.

The Cancel button send back to the “new receiver menu”.

4 Input EI =] @

Enter new receiver name without
Space

[ —

Figure 25 “New receiver” name and metadata.

After clicking on “OK”, the Excel file “Empirical_receiver.xlsx” is opened, adding a new tab with
the input name.

As illustrated in Figure 26, Enter values (third octave band spectra in dB; the reference
information is written in cell “D7”) in the green cells (from column “J”).

When creating a new receiver database, each new receiver needs to be added following the
same process: Cb2, Cb3, Cb4 values in 3 columns ([J,K,L] for the first receiver, then: [M,N,O],
etc.). Several new receivers may be added at the same time in the new receiver database. For

example, the beginning of the RIVAS database is presented for illustration (Figure 27).

NB: The units cannot be changed.
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B C D E F G H I J )
| Receiver name |
Information Measured data name I
1 1 1

ITEM VALUE UMIT transfer function Ch2 Ch3 Cha

name: name name name
information: info info info
Database name Name_sheet frequency (Hz) dB dB dBa

- L 0.0 Cbi name and

Number of receivers 1.25 0.0 ) .
NFUT 1o = information
Ch2, Cb3, Cb4 input unit dB 2 0.0 0.0 0.0
Cb2, Cb3, Cb4 - dB ref 5.00E-08 m/s 25 0.0 0.0 0.0
QUTPUT 3.15 0.0 0.0 0.0
Cb2, Cb3 output unit dB 4 0.0 0.0 0.0
Ch2, Cb3 - dB ref 5.00E-08 m/s 5 0.0 0.0 0.0
Ch4 output unit dBa 6.3 0.0 0.0 0.0
Cb4 - dB ref 2 ODE-05 Pa 8 0.0 0.0 0.0
10 0.0 0.0 0.0
125 0.0 0.0 0.0
16 0.0 0.0 0.0
Ch2 = vibration transfer function from the 20 0.0 0.0 oo
threshold building to the foundation building 25 0.0 0.0 0.0
315 0.0 0.0 0.0
Cb32 = vibration transfer function from the a0 0.0 0.0 0.0
foundation building to the building floor ) 0.0 0.0 0.0
Cb4 = vibra-acoustic transfer function from the 63 00 00 0o
building floor to the acoustic level in the room 80 o0 0.0 c.0
100 0.0 0.0 0.0
125 0.0 0.0 0.0
160 0.0 0.0 0.0
200 0.0 0.0 0.0
250 0.0 0.0 0.0
315 0.0 0.0 0.0
Database name

None )

Figure 26 “New receiver” values and parameters.
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A B C D E F G H | J K L M N o P
1 |
2 Information Measured data RIVAS 1 RIVAS 2
3 1 1
4 ITEM VALUE UNIT transfer function: Ch2 Ch3 Ch4 Ch2 Ch3 Ch4 Ch2
5 name: Houses [Concrete floorypical rool Houses. Concrete floor | Typical room Houses
6 informations: Soft soil 31.5Hz  pcrete flo Soft soil 31.5 Hz light-weigth floor]| Soft soil
7 Database name RIVAS frequency (Hz) dB dB dBA dB dB dBA dB
8 1 NaN NaN NaN NaN NaN NaN NaN
9 Number of receivers 21 1.25 NaN NaN NaN NaN NaN NaN NaN
10 INPUT 1.6 NaN NaN NaN NaN NaN NaN NaN
11 Cb2, Cb3, Cb4 input unit dB 2 NaN NaN NaN NaN NaN NaN NaN
12 Cb2, Cb3, Cb4 - dB ref 5.00E-08 m/s 2.5 NaN NaN NaN NaN NaN NaN NaN
13 QUTPUT 3.15 NaN NaN NaN NaN NaN NaN NaN
14 Ch2, Ch3 output unit dB 4 -3.0 3.5 -93 -3.0 3.3 -103 -3.0
15 Ch2, Cb3 - dB ref 5.00E-08 m/s 5 -2.5 2.5 -93 -2.5 2.5 -103 -2.5
16 Cb4 output unit dBA 6.3 -2.2 25 -93 -2.2 25 -103 -2.2
17 Cb4 - dB ref 2.00E-05 Pa 8 -2.8 2.2 -93 -2.8 2.2 -103 -2.8
18 10 4.0 2.5 -63.4 -4.0 2.5 -73.4 -4.0
19 12.5 5.8 3.5 -56.4 -5.8 3.5 -66.4 -5.8
20 16 6.8 4 -49.7 -6.8 4 -59.7 -6.8
21 20 8.0 8 -43.5 -8.0 8 -53.5 -8.0
22 Cb2 = vibraFin_n transfer functiur_1 from.th.e threshold 5 125 14 37.7 125 13 477 125
23 building to the foundation building 315 150 6 P 50 5 224 3.0
24 Cb3 = vibration transfer functien from the 40 145 12 -27.6 -14.5 12 -37.6 -14.5
25 foundation building to the building floor 50 -16.8 10 -23.2 -16.8 10 33.2 -16.8
26 63 -14.5 10 -19.2 -14.5 10 -29.2 -14.5
27 Cb4 = vibra-acoustic transfer function from the 80 -12.5 6 -15.5 -12.5 6 -25.5 -12.5
28 building floor to the acoustic level in the room 100 7.8 5 121 7.8 5 221 7.8
29 125 -6.2 4 -9.1 -6.2 4 -19.1 -6.2
30 | 160 -7.5 3 -6.4 -7.5 3 -16.4 -7.5
- RVAS | @) o i o T - B o

&

Figure 27 “New receiver” values and parameters - example.

Save and exit the Excel file and “Validate” to go back to the main menu, with the new receiver
database available.
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All computations will be saved into the folder “Projects\Current_project”. Results are written
in the subfolder “\Results”, in the files “VelocityLevels.mat” and “Results.txt” (see Appendix
2 for description). The sub sub folder “\Results\Current_run” contains intermediate results in
matlab format. All the results will be overwritten when a new computation is performed.

=> If you want to save results after each computation, copy the “Current project” folder

in a “new name project” folder in the “Projects” folder.

Computations are performed on a combination of sources, propagation terms, and receivers,

This part is automatically filled in, based on interface software

Group co

Lincent_Thalys

List of loaded sources and
their groups

which are:
- Selected and loaded sources, propagation and receivers from the available data.
- Agroup is associated with each component (source, propagation or receiver):
o G1, G2, G3 for Sources,
o G4, G5, G6 for Propagation terms,
o G7,G8, G9 for Receivers,
o Several sources, propagations or receivers may be included in each group.
- Some information is needed, such as speed, distance, ... in the right table (after loading
the component):
o Only one distance is permitted,
o Several speeds are allowed.
- Set up the computation table by creating “Variants” (Vi).
o o E F G H
1 This part is filled in by
; the user to set up
. | group combinations
Z Variants source ropagation receiver Groups
7 Vi Gl G4 G7 Gl LINCENT _ICA_Lf rail_head
8 V2 G2 G4 Sources G2 Lincent_Thalys_soft_pads
9 V3 G2 G5 G3

=
R

G4

soft_soil

LINCENT_TML_hammer

[
[

-
s

List of loaded propagation
terms and their groups

List of variants

ropagatiol G5 medium_soil

G6

G7 RIVAS 1 RIVAS 2
Receivers G8 RIVAS 3

=
T e

G9

List of loaded receivers
and their groups

Figure 28 “Computation set-up” overview.
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In this example:

- 3 sources are loaded; they are associated to two groups:
o G1: “LINCENT_ICA_Lf rail_head” & “Lincent_Thalys”,
o G2: “Lincent_Thalys_soft_pads”.

- 3 propagations terms are loaded; they are associated to two groups:
o G4: “soft_soil” & “LINCENT_TML_hammer_rail”,
o G5: “medium soil”.

- 3receivers are loaded, and associated to 2 groups:
o G7:“RIVAS 1” & “RIVAS 2”,
o G8: “RIVAS 3”.

Based on these groups, the user decided to create 3 variants:
- V1=Gl1, G4, G7,
- V2=G2,G4,GS,
- V3=G2, G5, G7.

For each variant, all sources are combined with all propagation terms, and with all receivers,
which can make a lot of computations.

The above example involves the following computations for each variant:
- V1: “LINCENT_ICA_Lf rail_head”, “soft_soil”, “RIVAS 1”,
- V1: “LINCENT_ICA_Lf rail_head”, “soft_soil”, “RIVAS 2",
- V1: “LINCENT_ICA_Lf rail_head”, “LINCENT_TML_hammer_rail”, “RIVAS 1”,
- V1: “LINCENT_ICA_Lf rail_head”, “LINCENT_TML_hammer_rail”, “RIVAS 2”,
- V1: “Lincent_Thalys”, “soft_soil”, “RIVAS 1”,
- V1: “Lincent_Thalys”, “soft_soil”, “RIVAS 2”,
- V1: “Lincent_Thalys”, “LINCENT_TML_hammer_rail”, “RIVAS 1”,
- V1: “Lincent_Thalys”, “LINCENT_TML_hammer_rail”, “RIVAS 2”,
- V2: “Lincent_Thalys_soft_pads”, “soft_soil”, “RIVAS 3”,
- V2: “Lincent_Thalys_soft_pads”, “LINCENT_TML_hammer_rail”, “RIVAS 3”,
- V2: “Lincent_Thalys_soft_pads”, “soft_soil”, “RIVAS 37,
- V2: “Lincent_Thalys_soft_pads”, “LINCENT_TML_hammer_rail”, “RIVAS 3”,
- V3: “Lincent_Thalys_soft_pads”, “medium_soil”, “RIVAS 1”,
- V3: “Lincent_Thalys_soft_pads”, “medium_soil”, “RIVAS 2”.
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From the « Source » tab in the main menu, select the sources to be used for the computations
from the available data, select the group to which sources will be associated, and select the
speed (several speeds are allowed, separated by ;’).

"4 Silvarstar - proto

Snalysis

SILVARSTAR

Source | Propagation | Receiver C

INSTRUCTIONS:
Availobie deta Loaded data
SELECTION OF SOLRCE, PROPAGATION, RECEMERS
Select Name Type Train type | Train_model | Track model | Wheel_roughi - Group | Speed (kph Inthe maintabs, select Sources, Propagetions, Receivers
| 1] LINCENT_IC... Empr Interctty MaN tincent Mot measured 1 bmcent_c.f o - 150 In sach tab, you load one or seversl tems and define parsmeters (speeds,
2 [ | UncENT Th. Emp High speedl Nail tincent Not measurect 2 biot_tremz_ a2 . distance)
3 [ | oracT BT m Intercity ICT_1_wagon bt02 None “Yau ean define severs speects far each sowrce,
] 7 | noertica wum ntercty = o oD kLt yau can only specify ane distance for each receiver.
] Each ftem is inclutizd in one group
5 O ] bincent Thal... hum Highspeed  Thalysfrain  tincert None G110 G3 for sources, G4o G6 for propagations, 7 to GA for recsivers
3 [ | Lincent_Thal... Num Highspeed  Thalystrain  btincert_sof .. None
1 bt01_Tram2_.. Num Tramvray Tram_2 Ballast Tram < s [ v IMPORT NEW DATA
] [ | wo1_fraic.. Num Intercity ictne k01 None I each tab, you can import or create new data
) [ | iicatradin.. Num Intercity ica btinert None SET-UP AND RUN COMPLTATIONS
10 [ | stor_fraBic.. Num Intercity ict4 sto1 None WWhen you have Selected al kems, you can click on "Set-Up computations”
this wil open an excel file to specity which groups are computed
< m = B Then save and close the excel file and pressthe "Compute” button to launch
computations
“Youdont have to set.up computations if you don't morify the combintion of
groups thet must be computed.
By defaull, the computations are dane far G1+Ga+GT.
New Source Numerical ] l Nexw Source Empirical

Figure 29 Load Sources.
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From the « Propagation » tab on the main menu, select the propagation terms to be used for
the computations from the available data, and select the group to which the propagation

terms will be associated.

(4] Silvarstar - prota

SILVARSTAR|

Analysis

Propagation | Receiver

Avaiable deta Loaded data
—
Select Name Type Soiltype | Transfer function type Name Group
1 a soft_sail Mum soft - 1 medium_soil G4
2] median_sel  Mum mecium I‘UNCENTJM
EN (] stiff_sail Hum e
4] (] incert_sol  Mum Incent
5] LINGENT_TM... Emp mecium DIML belovetrack
e | ] | Medum_sol... Emp mecium DIML belov track E
7] ] | Medum_sol... Emp mecium DIML belovr track
[e| ] | wedum_sol... Emp mecium THL below track
o ] | medum_sol... Emp mecium TML rail headd
10 & ne_name_T.. Emp trave TML rail head
1] 1 | testrame_T.. Emp mecium TML rail head
= . i BV 2

Import new propagation

Figure 30 Load Propagation terms.

INSTRUCTIONS,

SELECTION OF SOURCE, PROPAGATION, RECEIVERS
Inthe main tabs, select Sources, Propagations, Recsivers

In ecich tab, you load one or several tems and define parameters (spesds,
distance)

*ou can define seversl speeds for each source,

ut you can only specify ane distance for each reesiver.

Each e is Incluced in cne group

G110 G3 for 30Urees, G4 GE for propagations, G7 o G8 for teceivers.

IMPORT NEW DATA,
In each tab, you can import or creste new data

SET-UP AMND RUN COMPLTATIONS
Vihen you have selected all ems, you can click on "Set-up computations:
this vl open an excel fils ta spesity which aroups ars computed

Then save and close the excel fle and press the "Compute® button to launch
computations

*ou don't have to set-up Computations if you dorft modify the combination of
groups that must be compute

By default, he computations are done for G14G44G7.

Set-up computstions ] l Compute l
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From the « Receiver » tab on the main menu, select the receivers to be used for the
computations from the available data, select the group to which receivers will be associated,
and select the distance. The user can compute for several distances for one receiver, by writing
for instance “10, 12, 14” in the “Distance” column. In this case, the Analysis menu will not be
available for post-processing. The results can then be read from the ASCII file (see Appendix
2).

4 Sikarstar - proto [E=SECE =)

SILVARSTAR =

Receiver
Source a

INSTRUCTIONS:
Aveilobie data Loared data
SELECTION OF SOURCE, PROPAGATION, RECEIVERS
Select Name Type  |Dstabase name|Cb2 - Building type| Cba - Soil type | C — o | Divtmce (] ]| 17" s, sclct Suroes, Progpatons, Receivets
1 ] RIVAS Emp RIVAS 1 Houses Soft soll Coa 1 RWaS2 o7 - 10 In each tab, you load one or several fems and define parameters (speeds,
2 RivAs Emp RIVAS 2 Houses Soft sol & 3 fRvass  for .12 distance).
3 Rivas Emp RAIVAS 3 Houses Soft sol w h 3 Rvase s M You can define seversl speeds for each source,
i
5 0 RIVAS Emp RIVAS 5 Houses Mediumsoi  Cq G110 B3 for sources, G4 te GF for propagations, G7 to GO for receivers.
3 [ [rves Emp RIVAS 6 Houses Medium sol W
1 [ Rves Emp RIVAST Houses Siff sail & [MPORT NEVYDATA
e G == ST = S & In each tab, you can import or creste new deta.
) [ frvas Emp RAIVAS 9 Houses Stiff sol w SET-UP AND RUN COMPUTATIONS
(ol 0O [evas & RIVAS 10 Smallbuidings St sl o Vhen you have selected all fems, you Can Click on "Set-up computations”
= < this il apen an excel fle to specity which oroups are computed.
M Ll JRIVAS P RWASI Sl buifdnas Soft sol & Then save and ciose the excal i N press the "Compute” button to launch

camputations.
VU dlont have o Set-up compLtations if you dan't modify the combination of
roups that must be computed

By defau, the computations are done for G1 +G4+07

Import new receiver.

Figure 31 Load Receivers.
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Click on “Set up the computations”: an Excel file is opened.
Fill in all variants in the corresponding table (variants list, based on the groups), see Figure 28
“Computation set-up” overview.

(4] Sitvarstar - prato

Bnalysis

SILVARSTAR

B Receiver

WI_A\/‘
SILVARSTAR

[
e
w
¢
o

Available data
Select Name Type |Database name|€b2 - Building type| Cb - Soil type|C
[} RIVAS Emp. RIVAS 1 Houses Soft sail
RIVAS Emp. RIVAS 2 Houses Soft sail
RIVAS Emp. RIVAS 3 Houses Soft sail
RIVAS Emp. RIVAS 4 Houses Medium soil
|} RIVAS Emp. RIVAS S Houses Medium soil
|} RIVAS Emp. RIVAS 6 Houses Medium soil
|} RIVAS Emp. RIVAST Houses Stiff soil
|} RIVAS Emp. RIVAS & Houses Stiff soil
|} RIVAS Emp. RIVAS 9 Houses Stiff soil
|} RIVAS Emp. RIVAS 10 Srmall buildings Soft sail
i} RIVAS Emn. RIVAS 11 Srmall buildinas Soft sail

w
[t
<4
w
<4

(<0

¥

Import new receiver.

Loaded data

Hamne

1 [Rivas2
2 Rvas3
3 [Rvasa

Group

Distance (m})

NSTRUCTIONS:

SELECTION OF SOURCE, PROPAGATION, RECEIVERS
Inthe main tabs, select Sources, Propagations, Receivers

In each teb, you load one or several ftems and define parameters (speeds,
distance)

ou can define several speeds for sach source,

bt you can only specity one distance Tor each receiver.

Eqch tem is inclucted in one group

G110 B3 for sources, G4 1o G for prapagations, G7 to G4 far receivers

IMPCRT NEVYDATA
In each teb, you can import or create new deta.

SET-UP AND RUN COMPLTATIONS
Vwhen you have selected all tems, you can cick on "Set-up computstions".
this will open an excel file to specify which groups are computed

Then save and elose the excel fils and press the "Compute” button ta launch
camputations.

VU dlont have o Set-up compLtations if you dan't modify the combination of
roups that must be computed

By defau, the computations are done for G1 +G4+07

Figure 32 Main menu — “Set up computations”.

A B c D F G H I J K L M
1
2
3 . . . . . .
4 This part is automatically filled in, based on interface software
5 ant by selecting groups - groups are detailled fr
2] Variants source ropagatior] receiver Groups Group content .
7 V1 G1 G4 a7 Gl LINCENT_ICA_LF rail_head List of loaded sources and
8 Sources G2 bt01_Tram2_fra6 their groups
9 G3
10 G4 medium_soil NCENT_TML_hammer_| L t f | d d t'

. . i ISt OT l0ade ropagation
., | List of variants roparaton__22 ) propag

terms and their groups

13 G7 RIVAS 2 RIVAS 3
14 Receivers G8 RIVAS 4 . .
1 59 List of loaded receivers and
1? their groups
18

Figure 33 Set up computations Excel file
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To start a computation, click on “Compute”; this launches the computations chosen in the “Set
up computations” window.

4] Sikarstar - prote [E=SEoR =)

Bnalysis

SILVARSTAR

Source Receiver

C
INSTRUCTIONS:
Availobie data Loared data
SELECTION OF SOURCE, PROPAGATION, RECEIVERS
Select Nome Type |Database name]Cb2 - Building type| Cb2 - Soil ype | C o o | Dmm In the main tabs, Select Sources, Propagations, Receivers
[ Rvas Emp FIvas Housas Sott sal & © 1 [Rivas2 =4 - 10 In each teb, you loadl one or several tems and define parameters (speeds,
RIVAS Emp RIVAS 2 Houses Soft sail o 2 Rivas3 o7 - 12 distance).
RivAS Emp AVAS 3 Houses Soft sal w 3 Fvas4 o T Yo condeine seversl speeds for sach source,
= _ but you can only specify one distance Tor each receiver.
RIVAS Emp RIVAS 4 Houses Medium sol & o, o (¢ ot o 1 2
] RvAS Emp RVAS & Houses Mediumsai & I G110 G3 for sources, G4 to GB for propegations, G7 to G3 for recelvers.
[ Rvas Emp RIVAS 6 Houses Medium sol W
[ Rvas Emp RIVAS T Houses siff sol [ MPORT NEWDATA
In each ta, you can import or creste new data.
[ Rvas Emp RIVAS 6 Houses Siff soil =1
[ Rvas Emp RAIVAS 9 Houses Siff sail w SET-UP AND RUN COMPUTATIONS
[ rvas & RIVAS 10 Sl buidings Soft sail @ Vhen you have selected all fems, you can click on "Set-up computations":
s this wil apen an excel fle to specify which oroups are computed.
[l Rwas Ee e s L Smal buinge __Sct 2ol & Then save and clase the excel e and press the "Compute” bution to launch
computations.

Vou dont have o $et-up campLtations if you dan't modify the combination of
Groups that must be computed.
By defaut, the computations ars done for G1 +G4+07

Import new receiver

Setup computations: ] l Compute: ]

Figure 34 Main menu — start a computation.

A progress bar will appear to indicate the advancement of computation.
|4 Progress l =aE X

Track receptance (100%)

Wheel receptance (100%)

Displacements (0%)

Figure 35 Progress bar for numerical sources.
When computations are finalized, a pop-up message appears.

4] fo]l & ]

Computations are done ; you can now visualise the results in the

“Analysis” menu

Figure 36 End computation message.
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Results are written in Matlab using the following structure / nomenclature:

Calcul_input: Input parameters used for the computation,

Lp_building: Noise level inside the building in dB(A),

Lv_building_floor: Vibration level on the building floor (dB),
Lv_building_fondation: Vibration level on the building foundation (dB),
Lv_soil: Vibration level at the soil surface (free-field) (dB).
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To plot the results, click on the “Analysis” menu:
“Velocity levels...” for vibration analysis,
“Noise levels...” for acoustic analysis.

T STRASEeaT - POt

Velacity levels..

=51LVARSTAR

Source | Propagation | Receiver

[
INSTRUCTIONS,
Available deia Loaded dta
SELECTION OF SOURCE, PROPAGATION, RECEIVERS:
Select Name Type |Database name|Cb2 - Building type| Cb2 - Soil type|C Name Gmp | Do) Inthe main tabs, select Sources, Fropagations, Recehvers
RIVAS Emo FIvAS 1 Houses Soft sol s © 1 Rresz o7 - 10 In eachtab, you load one or several tems and define parameters (speeds,
AVAS Erpy RIVAS 2 Houses Soft sol < ? Rvas3 o7 o distance)
RIvAS Erp RIVAS 3 Houses ot sol w Rhvees o | Yo oon setne severalspes for ssch source,
e B =TT r— e @F but you can only specify ene distance for each recelver.
Each tem s included in ane group
[ Rvas Emn RIVAS § Houses Medim ol G 10,63 for sources, G4 1o G6 for propagations, 67 1o G8 for receiers
F  Rvas &P RVAS 6 s Medium sl W
[ Rwas Emp RIVAS T Houses Stitt sol I [PORT NEA/ DATA
I sach tab, you oan import or create new data
[ Rvas Erpy RAIVAS & Houses Stiff ol cx
F  Rvas Emp RIvAS 3 Houses stit soil w SET.UP AND RUN COMPUTATIONS
B rvas Eip RIVAS 10 Smllbuidings ot sol & "ihen you have seleeted ol tems, you can dick on "Set-up computtions”
o this vl open an exc file o specify which groups are computedd
L —RvAS Eme _ RVASI Stell puieings - Seft sol S Then seve and close the exce! file and press the "Compule” buton to leunch
computations
ou dorit have to set. if you dorit of

aroups that must be computed,
By default the computstions are tone for G1+G4+G7

Import new receiver

Set-up computations l l Compute l

Figure 37 Main menu — Analysis.
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The file “VelocityLevels.mat” is automatically loaded from the

(corresponding to the last run).

(4] Velocity levels - Silvarstar - prota

SILVARSTAR

I E] Litsykl450_055_Sivarstanidt_Proto_2022_01_21 Projects\Current_projectlvelocityLevels mslI

Plot Selection

Buiking founclation
7wt for 2

Buiking threshold

Spesd [kph]

100 M|

100

150

Di1_ICT BT T3, me:
ICT_balasted_Lv, Stif_sol, RIVAS 1
Tramt_DIR_TSI_Na,

Velocity Levels

for

AN

65

80

B

30

Velocity levels.
T T

Limts ) X ¥
Export, ) Yéwis >

= Tram1_DIR_TS|_No, medium_soil, RIVAS 1" - building fondation

==Tram1_DIR_TSI|_No, medium_soil, RIVAS 1" - building floor

Tram1_DIR_TS|_No, medium_sail, RIVAS 1° - building threshold
T T T

10

12,5

20 25 315 40 50 63
Frequency [Hz]

80

Figure 38 Velocity analysis window.

1-
2-
3-
may not be available for each source).
4- Select sources to visualise.
5-

100

Right click on the figure to modify limits or export the figure.

125

160

200

Open results “VelocityLevels.mat” file (to view another saved result).
Select where vibrations have to be analysed (Threshold, Foundation, Floor).
Select the speed (depending on the input parameters given by the user, some speeds

250

315

SILVARSTAR

“Current_project” folder
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The noise analysis window is very similar to the velocity analysis window.
Only the noise (inside the building) is selectable.

"4 Noise levels - Silvarstar - proto

SILVARSTAR

Noise Levels
for

Plot Selection

Noise levels

N

SILVARSTAR

60

Speed [kph]

I 1; 1

40

Lp [dB]

=——D11_ICT_BT_TSI, medium_soil, RIVAS 1" - builcing

Limts >

Export.. 4

16 20 25 315 40 50 83 80 100 125
Freauency [H71

Figure 39 Acoustic analysis window.

1- Open results “VelocitylLevels.mat” file.
2-
may not be available for each source).
3- Select sources to visualise.
4- Right click on the figure to modify limits or export the figure.

160

200

250

315

Select the speed (depending on the input parameters given by the user, some speeds
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APPENDICES
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APPENDIX 1: Installation procedure

A set-up file “Silvarstar_setup_1.1.exe”, is dedicated to the set-up. During installation, the
user may install the software in any Windows path. However, the user must have access to
this folder with administrator rights.

The following architecture will be implemented at the designated location:

Database
Programs
Project
unins000.dat
@ unins000.exe

The application to start the software is in the “Programs” folder.

W Silvarstar_prototype.exe

The user must plug the USB Dongle provided by VIBRATEC in order to use the software
tool.

To uninstall the tool, simply double-click on the unins000.exe file.
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APPENDIX 2: Description of result file “Results.txt”

The results are written in ASCII, and can be opened with excel. It is located in the folder
\Project\Current_project\Results

Figure 41 shows an example, with 10 results (line 2). Only the first result is presented in the
figure.

The data for result 1 is listed from line 5 to line 51.
Metadata sets are listed from line 6 to 20, and the data values are listed from lines 24 to 51.

The data consists in the building vibration and noise levels.

The file can be opened in excel for plotting or post-processing, as illustrated in Figure 40.

A B C D E F G H I J K
1 |Comma separated file csv
2 |number of results = 10
4
5 |RESULT 1 80.00
6 SOURCE description J000
7 1 1
& |source name LINCENT_ICA_Lf rail_head 60.00
9 |train speed 100 r\
10 |wheel unenvenness  None e
11 |track name btlincent 40.00
12 rail unenvenness Ballasted track - Normally maintained 20,00
13 PROPAGATION description |
14 1 1 20.00
15 propagation name LINCENT_TML_hammer_rail 1000
16 RECEIVER description
17 1 1 0.00
18 |database name RIVAS 0.00 100.00 200.00 300.00 00.00 00.00 600.00
19 |receiver name RIVAS 3
20 |receiver distance 10
21 DATA
22 [freq(Hz) Lv (dB re !Lv (dB re 5e- Lv (dB re 5e- Lp (dBA re 2e-5 Pa)
23 free field building fourbuilding floc building room
24 1 10.58 NaN NaN NaN
25 1.25 12.54 NaN NaN NaN
26 1.6 14.55 NaN NaN NaN
27 2 18.02 NaN NaN NaN
28 2.5 22.4 NaN NaN NaN

Figure 40 result file opened in excel
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Comma separated file, csv
number of results = ,10

RESULT, 1
« 3O0URCE description
1,1
source name ,LINCENT ICA Lf rail head
train speed 100
wheel unenvenness ,None
track name ,btlincent
rail unenvenness ,Ballasted track - Normally maintained
» PROPAGATION description
1,1
propagation name ,LINCENT THML hammer rail
RECEIVER description
1,1
database name ,RIVAS
receiver name ,RIVAS 3
receiver distance,l10
 DRTR
b freqg(Hz),Lv (dB re 5e-8 m/s),Lv (dB re 5e-8 mfs),Lv (dB re Se-8 m/s),Lp (dBA re Ze-5 Pa)
free field,building foundation,building floor,building room
1,10.58,NalN,NalN, NaN
1.25,12.54,NaN, HaN, NaN
1.6,14.55,HalN,NaN, NaN
2,18.02,Nal, NalN, NaN
2.5,22.4,Hall, Nall, Nal
3.15,28.55,HalN, WalN, Hall
4,32.01,29.01,36.51,-66.49
5,33.582,31.42,38.42,-64.58
6.3,359.87,37.67,44.17,-58.8
8,36.31,33.51,40.51,-62.49
10,386.22,32.22,43.22,-30.18
12.5,46.1,40.3,56.3,-10.1
16,55.81,49.01,69.01,9.31
20,59.93,51.93,65.93,12.43
25,53.5,41,51,3.3
31.5,53.48,40.48,47.98,5.58
40,60.67,46.17,52.17,14.57
50,71.74,54.94,60.94,27.74
63,70.69,56.19,61.19,31.599
B0,62.96,50.46,56.46,30.96
100,60.4,52.6,56.1,34
125,43.37,37.17,3%9.17,20.07
160,34.47,26.97,24.97,8.57
200,25.83,21.33,17.83,3.93
250,25.24,17.94,12.94,1.34
315,21.71,Hal,NaN, HaN
400,16.92,Hal, NalN, HalN
500,14.79,NalN,NaN, NaN

RESULT, 2

SATTDAET Aooaswint 3 o;

Figure 41: example of result file in ASCIl format, to be opened by excel
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