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U.S. Department of Transportation
V Federal Railroad Administration

Federal Railroad Administration Program Version:
High Speed Rail Noise Standards and Regulations
CONTRAST Comparison Of Noise for TRAiIn STandards

e Spreadsheet-Based Tool for Comparing Noise Standards and Regulations

e Conversion Tool for Noise Regulations and Standards to Common Reference

Program Key Features:

1. The program employs passby sound pressure level (SPL) data to determine whether a train set n
The program is based on a library of pass-by SPL data obtained using test procedures prescribed
agencies having jurisdiction, such as European Railway Agency (EU), U.S. Environmental Protect
Japan Ministry of the Environment, and the China Ministry of Transport.
Using the basic
A. Compare selected train sets to US Regulations
i. Determine passby noise level at distance of 30 m (100 ft) from track cente
(microphone elevation is 1.2 m (4 ft) above track elevation)
ii. Determine L ) for selected train set at 30 m from track centerline and

max(fast
iii. Compare results to US FRA Noise Regulations (locomotives and rail cars)
at speeds greater than 45 mph (72.4 km/hr)
B. Compare train set pass-by data to EU Regulations
i. Determine passby noise level at distance of 7.5 m (25 ft) from track cente
(microphone elevation is 1.2 m (4 ft) above track elevation)
ii. Normalize LpAeq’Tp data to 80 km/hr (50 mph) and 250 km/hr (155 mph) pe

iii. Compare results to TSI Noise Regulations (electric locomotives)
at reference speeds of 80 km/hr (50 mph) and 250 km/hr (155 mph)
C. Compare train set passby data to Japanese Regulations
i. Determine pass-by noise level at boundary of railroad property,
defined as 25 m (82 ft) from outer track centerline and 1.2 m (4 ft) above
ii. Calculate the noise metrics Leq and Lo using the energy mean of the pe

ii. Provide indication whether noise barriers are required
D. Compare train set pass-by data to Chinese Regulations
i. Determine pass-by noise level at boundary of railroad property,
defined as 30 m (100 ft) from outer track centerline and 1.2 m (4 ft) abo\
ii. Determine number of train set passbys allowed during daytime period
iii. Determine number of train set passbys allowed during nightime period

2. Use of Common Reference high speed train passby sound pressure levels to compare regulation
A representative passby noise data set was scaled so the equivalent sound pressure level (L

the normalized TSI Noise (2014) regulations: LpAeq - for 80 km/hr, which is 80 dB(A) and LpAeq -

This "Common Reference" data set was then employed to determine the noise metrics correspc
and Japan to allow direct comparison of the noise regulations.

pAeq,T



For countries that impose immission regulations, the program calculates the maximum number
that will not exceed regulation limits.

Legal Terms and Conditions:

The CONTRAST Spreadsheet-Based Analysis Tool was developed as an aid to evaluating train passby noise d:
train noise regulations as part of FRA Program 693J1618C000020, "High Speed Rail: Cost of Compliance for N

It is provided "as is" to US DOT Federal Railroad Administration for their internal use only. Ricardo offfers n
usage of this analysis tool.

References:

Acela Graphic Reference: National Railroad Passenger Corporation, Amtrak Fiver Year Service Line Plans, Base (FY 2018)
Five Year Strategic Plan (FY 2019-2013), 2018.

Note: this spreadsheet-based program was developed by Ricardo Strategic Consulting for the Federal Railroad Administr:
Contract Number 693JJ618C000020
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( U.S. Department of Transportation
@ Federal Railroad Administration

Federal Railroad Administration
High Speed Rail Noise Standards and Regulations
CONTRAST Comparison Of Noise for TRAiIn STandards

Train Passby Data Set Requirements

Train pass-by sound pressure data is to be obtained using measurement pro

1. United States

¢ Instrumentation
Per U.S. Interstate Rail Carriers Noise Regulations, 40 CFR Part 2(
Measurements are to be made using a sound level meter or altel
as a minimum, all the requirements of American National Standa
used with the "fast" or "slow" meter response characteristic.
In the event that a Type 1 instrument is not available, the measu
measured sound pressure levels are to be adjusted to account fo
The A-weighted levels for the instrument "fast" or "slow" meter |
American National Standard $1.419711.

e Measurement Procedures
Per U.S. Interstate Rail Carriers Noise Regulations, 40CFR Part 20
For rail car passby tests, the microphone is to be positioned on a
from the track centerline.
The microphone is to be located at an elevation of 1.2 m (4 ft) ak
Brake squeal should not be present and tracks are to be well mai
FRA references ISO Standard 3095: Railway Applications - Acoust

Per U.S. Interstate Rail Carriers Noise Regulations, 40CFR Part 20
Measurement locations must be selected such that no substanti:
or commercial unit wall or facility boundary noise barrier, that e»
10 meters (33.3 feet) of the microphone and that no exterior wa
2.0 meters (6.6 feet) of the microphone.

Average wind velocity should be 12 mph (19.3 km/hr) or less and

2. European Union

¢ Instrumentation
Per EN ISO 3095: 2013, Acoustics - Railway Applications - Measur
The instrumentation system, including the microphones, cables ¢
a type 1 instrument specified in EN 61672-1.
The microphones shall have an essentially flat frequency respons
The 1/3 octave band filters shall meet the requirements of class



A suitable windscreen shall always be used.

Before and after each series of measurements a sound calibrator
shall be applied to the microphone(s) for verifying the calibratior
over the frequency range of interest. If the difference between tl
measurement results shall be rejected.

The compliance of the calibrator with the requirements of EN 60
the instrumentation system with the requirements of EN 61672-
The date of the last verification of the compliance with the relev:

e Measurement Procedures

Per EN ISO 3095: 2013, Acoustics - Railway Applications - Measut
Test Environment: must meet acoustical environment (ground fl:
conditions (no rain or falling snow), and background sound press
Microphone Positions: permitted positions are summarized belo

Perpendicular Position
from Track
Centerline (m)

7.5
7.5
25

Vehicle Conditions: Vehicle shall have run in normal cc
is to be unloaded and unoccupied except for the train crew. Doc
operating auxiliary equipment shall be in action.

Track Conditions: the track is to meet guidelines specified in ISO
Test Procedure: Measurements to be made for pass-by events ir

third octave bands according to EN I1SO 266.

3. China

¢ Instrumentation
Chinese Standard GB/T 3785.2-2010, Sound Level Meters applies
level meters, testing and test methods for Chinese Standard GB/
level meters, testing and test methods for
Class | and 2 sound level meters. Its purpose is to ensure that all
Instruments must meet the following standards (compatible witt
GB 9254-2008 Radio disturbance limits and measurement methac
GB/T 17312 sound level meter random incidence and diffusion fi
GB/T 17799.2-2003 Electromagnetic compatibility - General stan
(IEC 61000-6-2..1999,IDT)
GB/T 3785.1-2010 electroacoustics sound level meter - Part 1. Sg
GB/T 15173 (IEC 60942) electroacoustic sound calibrator
IEC 61000-4-2..2001 Electromagnetic compatibility (EMC) - Part ¢
discharge immunity test 1)
IEC 61000-4-3..2002 Electromagnetic compatibility (EMC) - Part ¢
electromagnetic radiation immunity Test 2)
IEC 61000-4-6..2001 Electromagnetic compatibility (EMC) - Part ¢
of radio frequency field induction Immunity 3)
Measurement of microphones - Part 1. Specification for laborato
Guide, Guidance on Measurement Uncertainty



ISO /IEC, International Basic and General Metrology terminology
CISPR16-1..1999 Specification for radio frequency interference ai
Part 1. Radio frequency interference and immunity test.
¢ Measurement Procedures

Per Chinese Regulation GB 12525-90. The regulation requires fiv
property with the microphone located 1.2 m (3.94 ft) above the
Measurements are taken at a distance of 30 m (98.4 ft) from the
Measuring conditions should meet the GB 3222 standards (Meas
should be taken in the absence of rain or snow. Measurement ti
measurements and 8 hours is the duration for night measuremel

4. Japan

¢ Instrumentation

Instrumentation must comply with JIS C1502 which requires the
Publication 179

Japanese Noise Instrument Standards and Corresponding ISO Sta

Measured Measurement Accuracy

L Bl Quantity Environment Grade

7 8731:1999
7 8732:XXXX Free-Field & Hemi-FieIdIPrecision
_ pproximately Hemi I . .
7 8733 :xxxX Free-Field Engineering
7 8734:xxxX Reverberant
7 8736-1:99 Any
ound

1A -2

8735 Ilsntensitv AAny

Reference: Ministry of the Environment, Government of Japan, "Environmer
Notification No. 91," Japan Ministry of the Environment, Tokyo, J

¢ Measurement Procedures
Compliance with ISO 11201:95 Acoustics - Noise Emitted by Mac
Compliance with ISO 112012:95 Acoustics - Noise Emitted by Ma
The Shinkansen Superexpress Railway Noise regulation requires i
the ground in the open air along the railway line with the measui
This is not applicable in sparsely inhabited forests, agricultural lal
According to the environmental quality standards for the Shinkat
e Measurement are to be carried out by recording the peak nois¢
in principle for 20 successive trains
¢ Measurement shall be carried out outdoors and in principle at"
represent Shinkansen railway noise levels in the area concerne:
¢ Any period when there are special weather conditions or when
¢ The Shinkansen railway noise shall be evaluated by the energy
* The measuring instrument used shall be a noise meter that me



with A weighted calibration & slow dynamic response
¢ The environmental quality standards shall apply between 6AM

Track Roughness

Track roughness can impact pass-by sound pressure levels (SPLs) by up to 9 dB(A), depe
pass-by noise measurements under acceptable roughness conditions. The CONTraST pr
levels. The EU TSI NOI provided guidelines for determining acceptable levels of track su

The EU Technical Specifications for Interoperability define track surface roughness and
track is considered suitable for comparable measurements if the one-third octave band
Measurement Related to Rolling Noise Generation)2 throughout the test, fulfill the follc
[0.010 ft to 0.328 ft (0.118 inches to 3.94 inches)] corresponding to the graph below.
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Upper Limit Curve for TSI-Compliant Acoustic R
where

1is the 1/3 octave band roughness level, dB(A)
2 is the wavelength (cm)
3 is the 1/3 octave band roughness level, dB(A)

The dynamic properties of the test track are considered suitable for acceptable noise m
(European Standard for Characterization of the Dynamic Properties of Track Selections 1
below.
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Lower Limit Curves for TSI-Compliant Track Decay Rates

where 1is the track decay rate, dB/m
2 is the frequency, Hz
3 is the track decay rate in the vertical direction
4 is the track decay rate in the lateral direction

References:
!D. Biasin and B. Leermakers, "Interoperability Unit, Trans-European Conven
Reference IU-NOI-11032010_TSlI rev 3.0," The European Railway Agency, Eu
’European Committee for Standardization (CEN), "BS EN 15610, Railway App
British Standards Institution, London, England, 2009.
*E. C. f. Standardization, "BS EN 15461: 2008 + A1: 2010, Railway Application
Measurements," British Standards Institute, London, England, 2010.

A Note on Accuracy and Uncertainty:

The data sets contained in the library for the CONTRAST spreadsheet-based analysis toc
and instruments described above. It is important to know that there are many factors t
Zoontjens® in Australia for both passenger and freight trains included extensive measure

obtain the standard deviation for each pass-by event and for multiple data sets collecte
measured noise levels was analyzed for single data sets as well as 5, 10, 15, 20, and 60 ¢
instruments and procedures, showed standard deviations in LAE of approximately 5 dB

calculated noise levels are within 3 dB of the true LAeq(period) noise levels when at least 2!

assessment parameter, the uncertainty increases to approximately £5 dB for the same
The 2008 version of the EU TSI Noise Regulation included an uncertainty level of £1 dB(/
not included in the 2014 version of the the TSI Noise Regulation.
References:
YInternational Electrotechnical Commission, "IEC 60942:2003, Electroaccous
% C. Weber and L. Zoontjens, "The Uncertainty Associated with Short-Term N
IWRN 12, Terrigal, NSW, Australia, 2016.
*International Organization for Standardization, "Draft International Standar
Part 1: Basic Quantities and Assessment Procedures, Reference Number ISO,
“K. Brinkmann, "Treatment of Measurement Uncertainties in International a
Le Mans, France, 2005, https://www.bruit.fr/revues/78 11096.PDF.
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cedures as defined by the respective regulations.

)1.21 and Part 201.22, US EPA Measurement Criteria
‘nate sound level measurement system that meets,
rd $1.419711 for a Type 1 (or S1A) instrument, to be

rements may be made with a Type 2 instruement, but
r possible instrument errors.
response characteristics are to be as defined in

1.24, US EPA Measurement Criteria
line perpendicular to the track 30 m (100 ft)

ove the track.
ntained (see TSI roughness requirements below).
iics - Measurement of Noise Emitted by Railbound Vehicles

1.25, US EPA Measurement Criteria

ally vertical plane surface, other than a residential

(ceeds 1.2 meters (4 feet) in height is located within

Il of a residential or commercial structure is located within

| maximum wind gust must be 20 mph (32.2 km/hr) or less.

‘ement of Noise Emitted by Railbound Vehicles
ind recording devices shall meet the requirements for

se in a free sound field.
1 according to EN 61260.



" meeting the requirements of class 1 according to EN 60942
1 of the entire measuring system at one or more frequencies
he two calibrations is more than 0.5 dB all the

942 shall be verified at least once a year. The compliance of
1 and EN 61672-2 shall be verified at least every 2 years.
ant European Standards shall be recorded.

‘ement of Noise Emitted by Railbound Vehicles

atness, free of large reflecting objects), meteorological
ure levels (10 dB below value during pass-by event).
w:

Elevation above
Top of Rail (m)

1.2
3.5
3.5

nditions at least 3,000 km on track with normal traffic. The train
rs and windows are to be kept closed and normally-

3095 including levelness, curvature, and roughness.
1clude: LpAequp and, if frequency analysis is included, at lease in one

to multi-channel sound
T 3785.2-2010, Sound Level Meters applies to multi-channel sound

testing laboratories can perform a consistent evaluation tests.

1 global standards IEC 651 & ANSI S1.4):

ids for information technology equipment (CISPR22..1997, IDT)
eld calibration (GB/T 17312-1998, eqvIEC 61183..1994)

dards - Immunity test in industrial environments

vecifications (IEC 61672-1..2002, IDT): sound meter performance
1-2. Test and measurement techniques Electrostatic

1-3. Test and measurement techniques radio frequency

1-6. Test and measurement techniques Conducted disturbance

ry standard microphones (IEC 61094-1..2000); ISO Presentation




!

nd immunity test instruments and methods:

e measurement points to be taken at the border of the railway
ground and not less than 1 m (3.28 ft) from a reflective surface.
centerline of the outer track.

urement Methods for Community Noise which states measurements
me to be day or night; 16 hours is the duration for day

ats.

precision noise meter prescribed by International Electric Standards Conference (IESC)

indards JIS = Japanese Industrial Standard

Corresponding ISO

Standard

ISO 1996-1:2016

ISO/DIS 3745

. 7 rd
ISO 3744:94 *

ISO 3741:99

Japan

ISO 9614-1:93

ISO 9614-2:96

1tal Quality Standards for Shinkansen Superexpress Railway Noise,
apan, 1993.

hinery and Equipment (Free Field over a Reflecting Plane)

chinery and Equipment (Environmental Corrections)

a power mean of the peak noise level shall be measured at 1.2 m (3.94 ft) above
ring point located at 25 m (82 ft) from the centre line of the near side of the track.
nds etc.

1sen Superexpress, noise measurements are to be performed as described below:
2 level of each of the Shinkansen trains passing in both the directions,

the height of 1.2m above the ground. Measurement points shall be selected to
d as well as the points where the noise is posing a problem

the speed of the trains is lower than normal shall not be considered

mean value of the higher half of the measured peak noise levels

ets the requirements of Article 88 of the measuring Law (Law no 207 of 1951),



to 12 Midnight

nding upon train speed, microphone distance, and degree of roughness. It is thus important to conduct

‘ogram assumes the pass-by noise data sets were obtained at sites with acceptable track roughness
rface roughness.

dynamics characteristics for pass-by noise measurements.® The “rail acoustic roughness” of the test
roughness spectra assessed according to EN15610 (European Standard for Rail Roughness
ywing upper limit: the wavelength bandwidth is to be at least 0.003 m to 0.10 m (0.3 cm to 10.0 cm)

O o
« 1
—

—

:ail Roughness

Reference, TSI Noise Regulations (2014)

easurements if the one-third octave band track decay rates spectra measured according to EN15461
‘or Pass By Noise Measurements)? throughout the test section fulfill the limits shown in the graph
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Reference, TSI Noise Regulations (2014)

tional Rail System, Subsystem Rolling Stock, TSI Rolling Stock - Noise,
ropean Commission, Valenciennes, France, 2010.
lications; Noise Emission; Rail Roughness Measurement Related to Rolling Noise Generation,"

1s, Noise Emission, Characterization of the Dynamic Properties of Track Selections for Pass By Noise

)l were obtained by a number of researchers using standardized the standardized test procedures
hat affect the accuracy and uncertainty of these data sets. “*** Tests performed by Weber and and instrun
aments of pass-by noise levels (LAE). Statistical analyses were performed for each set of data to Zoontjens?

d over periods ranging from one week to over six months. The maximum range in log-averaged

Jata sets for each site. Tests conducted on passenger trains using ISO standard-compliant

which led to the statement: "For the measurements in this study, there is a 95% confidence that the
J train pass-bys of each type under the same operating conditions are measured. For the L

Amax calculated noise level:
wumber of train pass-bys".
\) relative to maximum pass-by sound pressure measurement limits. This allowance factor wasThe 2008 version of the

tics - Sound Calibrators," 2003, https://webstore.iec.ch/publication/3954. *International Electrotechnical C
loise Measurements of Passenger and Freight Trains," in International Workshop on Railway Noise,* C. Wel

d ISO/DIS 1996-1, Acoustics - Description, Measurement and Assessment of Environmental Noise, *Interna
/DIS 1996:2014(E)," International Organization for Standardization, Geneva, Switzerland, 2014.
nd European Standards on Acoustics," Acoustique & Techniques No. 40, in Uncertainty - Noise,
















1ents descr|bed above. It is important to know that there are many factors that affect the accuracy anc
in Australialfor both passenger and freight trains included extensive measurements of pass-by noise le

n _noise levels when at least 20 train pass-bys of each type under the same oper
s are within +3 dB of the true LAeq(period)

EU TSI Noisg Regulation included an uncertainty level of 1 dB(A) relative to maximum pass-by sound pressure me
ommission}"IEC 60942:2003, Electroaccoustics - Sound Calibrators," 2003, https://webstore.iec.ch/puk
ser and L. Zpontjens, "The Uncertainty Associated with Short-Term Noise Measurements of Passenger ¢

tional Orgahization for Standardization, "Draft International Standard ISO/DIS 1996-1, Acoustics - Descr
















i uncertainty of these data sets. **** Tests performed by Weber and
vels (LAE). Statistical analyses were performed for each set of data to

ating conditions are measured. For the Lo

rasurement limits. This allowance factor was

slication/3954.
ind Freight Trains," in International Workshop on Railway Noise,
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Federal Railroad Administratio

(‘ U.S. Department of Transportation

Federal Railroad Administration
High Speed Rail Noise Standards and Regulations

Train Set Pass-By Noise Library

Input: Selection of Train Sets See individual worksheets for details of each t

Current Library:

Train Set

Data Set Data Set Name Manufacturer
Number

1 Korean HEMU-430X Hyundai Rotem

2 Thalys PBKA GEC-Alsthom

3 CRH3 Series (based on Siemens) Changchun Railway Vehicles, Siemens

4 CRH3 Series (based on Siemens) Changchun Railway Vehicles, Siemens

5 CRH3 Series (based on Siemens) Changchun Railway Vehicles, Siemens

Thalys PBI

Koream HEMU-430X

T
e o BN



Spreadsheet-Based Tool for Comparing Noise Standards and Regu
Conversion Tool for Noise Regulations and Standards to Common

CONTRAST Comparison Of Noise for TRAin STandards

rain set.
Train Length Test Train Pass-By Time, Position
Operator (m) Speed T (sec) Designation
(km/hr) b &

Korail 147.40 400 1.33 2
Thalys 200.19 296 2.43 1
China Railway Corporation 200.00 271 2.66 2
China Railway Corporation 200.00 271 2.66 1
China Railway Corporation 200.00 271 2.66 3

China CRH3 Series Train?




lations
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Microphone Position

Distance from Track
Centerline (m)

Elevation above
Top of Rail (m)

7.5 3.5
7.5 1.2
7.5 3.5
7.5 1.5
25 3.5




( U.S. Department of Transportation
@ Federal Railroad Administration

Federal Railroad Administration
High Speed Rail Noise Standards and Regulations

Regulations (US, EU, China, Japan)

[Regulations Summary

For Moving Trains Applicable Sound Pressure Train
Rolling Measurement Speed
Location Reference Stock Method (km/h)
us 40 CFR Part 201.12 Locomotives L [(fast) all
40 CFR Part 201.13 Rail Cars L__(fast) >45
Locomotives 80
250
EU TSI Noise 2014 EMUs oAcqTp 80
250
DMUs 80
250
L, all
China GB 12525-90 All Rolling Stock L all
Environmental Law 91 | High Speed Rail: L
, Zone |
Japan of 1993 Shinkansen ed al
Leq, Zone ll all
*Sound pressure level at receiver allows use of barriers and other noise path attenuation meth

Metrics
us

s is the maximum sound pressure level, slow and A-weighted and LpAFmax = maximum sound pi

LpAFmalx is equal to Lmax(fast)

L (fast) can be calculated as the logarithmic average of the recorded Sound Pressure Levels (SPLs

max




[EU

LpAeq,Tp is the A-weighted equivalent continuous sound pressure level produced by the train as meas
2 ( where -
Lpneqr, =10 19 j 2 ¢ dB T is the pass
tr PO T is the time
T, is the time
PA(t) is the A-we
Py is the refer
At is the time
P,(0) is the A-we
[China
L, The A-weighted equivalent sound level measured during the day time, dB(A). The sounc

level averaged on an energy basis is:

N
. L) i(j) is the fractic
La = 10logso Z t(j)10 10 during time per
j=1

Measuring conditions should meet the GB 3222 standards (Measurement Methods for Community
Measurement time to be day or night; 16 hours is the duration for day measurements and 8 hours

Japan

N
L)
L, (hour)=" 101]og,, Z t(j)10 10 | The time increment for calculating t(j) is 1 hour (:
j=1

For areas adjacent to Japan's high speed train lines, the Shinkansen Superexpress Railwa
Shinkansen noise limits vary by adjacent land use categories. Zone | is designated as res

Another noise metric employed in Japan is Lamax and is defined as the power- or energy-z

1 s Lmaxs)i/
L-imm‘ = 1010810 .}_0210 /4-'

- =
=]
e =i







Spreadsheet-Based Tool for Comparing Noise Standards and Regulations
Conversion Tool for Noise Regulations and Standards to Common Reference

CONTRAST Comparison Of Noise for TRAin STandards Program Version:
Maximum Measurement Location For the measurements in this study, there is :
Allowable Sound | Elevation Distance from within +3 dB of the true values.
Pressure, dB(A) (m) Track Centerline (m)
Tests conducted on passenger trains using IS(
90 1.2 (above 30 standard deviations in LAE of approximately !
top of rail) this study, there is a 95% confidence that the
LAeq(period) noise levels when at least 20 tr:
93 conditions are measured. For the LAmax asse
approximately +5 dB for the same number of
84 .
Calculation procedures for Ld and Ln can be f
99 Ross, J.C., and Towers, D.A., High-Speed Grou
U.S. Department of Transportation, Federal R
80 1.2 (above 75 September 2012.
top or rail)
95
81
96
70
60 1.2 (abO\{e 30
top of rail)
70 1.2 above 25
ground
75%

ods.

-essure level, fast and A-weighted. The time period for the "slow" reading is 1 second. The time period for tt

) for the 0.125 second time interval containing the highest values




ured during the pass-by event

-by time interval = time when trail tail passes microphone minus time when train nose passes microphone ="~

when the train nose passes the microphone

when the train tail passes the microphone

sighted instantaneous sound pressure in Pa at time t

‘ence sound pressure: p, = 20uPa = 0.00002 Pa

increment between measured data points (0.05 seconds for the data sets included in this program).

sighted instantaneous sound pressure in Pa at pass-by time increment i

i L The A-weighted equivalent sound level measured during the night time, dB(A).
equation for L would be the same as that for L, with the sound levels correspor

the time period defined as night.

in of time during which sound pressure level, L(j), occurs
iod overwhich L; applies

Noise [139] which states measurements should be taken in the absence of rain or snow.
is the duration for night measurements.

'-eq Receiver’s cumulative noise exposure from all events over a:

3,600 seconds) LA(t) = A-weighted equivalent continuous sound pressure level proc
where the 1-hour time interval extends from ttot, and T =

the time increment for calculating t(j) is 1 hour (3,600 secon

Iy Noise regulations apply and supersede the stricter Environmental Quality standards.
sidential areas and has an Leq (hour) limit of 70 dB(A); Zone 2 is designaed as commercial and industrial and h.

iverage of the "slow" maximum sound pressure level (Lmax S) of 20 consecutive train passbys:







7 14-Oct-19

1 95% confidence that the calculated passby noise levels are

D standard-compliant instruments and procedures, showed
5 dB which led to the statement: "For the measurements in
calculated noise levels are within £3 dB of the true

ain pass-bys of each type under the same operating
issment parameter, the uncertainty increases to

‘train pass-bys."

‘ound in Appendix A of the following reference: Hanson, C. E.,
iInd Transportation Noise and Vibration Impact Assessment
.ailroad Administration, Final Report DOT/FRA/ORD-12/15,

1e "fast" reading is 0.125 seconds.




The
iding to

specified time period (1 hour)

luced by the train as measured during the passby event
t —t =1hour

2 1

Is) and LA(j) = L(j)

as an Lec| (hour) limit of 75 dB(A







U.S. Department of Transportation
v Federal Railroad Administration

Federal Railroad Administration
High Speed Rail Noise Standards and Regulations

The Common Reference is based on scaled pass-by data for the Thalys PBKA train sel
The Common Reference data set was scaled so that the TSI NOI (2014) maximum nor

The corresponding pass-by metrics for the other regulations (US, China, Japan) are th
maximum allowable pass-by values for each noise regulation (EU, US, China, Japan).

Comparison of EU and US Regulations

Regulation V'::ﬂ:"r::'(:) con\‘,?:: :’R:;t(elr\e)nce Maximum Value, Pa
EU Normalized 80 km/hr 80 80 0.2000000
EU Normalized 250 km/hr 95 95 1.1246827
US Locomotive 250 km/hr 90 84.2 0.6324555
US Locomotive 300 km/hr 90 87.4 0.6324555
US Locomotive 350 km/hr 90 90.6 0.6324555
US Rail Car 250 km/hr 93 84.2 0.8933672
US Rail Car 300 km/hr 93 87.4 0.8933672
US Rail Car 350 km/hr 93 90.6 0.8933672

How to Interpret this Graph: The Common Reference Train Set exhibits
pass-by noise sound pressure levels that correspond to the maximum
allowable values in the TSI regulation. The same train set is predicted to
emit sound pressure levels that range range from 41% to 120% of the
maximum levels allowed by US railroad noise regulations.

Comparison of EU and China Regulations

To complete comparisons for China regulations, need to calculate Ln and Ld for Common Refel

L" Calculations

Common Parameters Value Units
Duration of Night Time Period 8 hours
28,800 sec
Reference Train Length 200.19 m




Calculation of Chinese L" based on Common Reference Train Data Set

Time of Pass-By Event | sec 9.01 2.88

t(j): Rat.IO of Pa§s-ByT|me to 8- 0.0003128 0.0001001

Hour Night Period

Train Speed km/hr 80.00 250.00
m/sec 22.22 69.44

L (microphone position

4'3”@"355"“" dB(A) 65.55 80.50

Number of Trains during 8-Hour L (the A-weighted equivalent sound level me

Night Period
8 39.53 49.54
16 42.55 52.55
24 44 .31 54.31
32 45.56 55.56
40 46.52 56.53
48 47.32 57.32
56 47.99 57.99
60 48.29 58.29

Comparison of El

1605
Bazed on Common Refer
14105
3 China Maoize Metric, L, 1
- ) Mote Imdicated BMumber
E 1205
£ 100% 100%
s 100%
E =
s
= B0%
=
=
LD
& E0% Regulation
b= Flaxinmaam:
5 0% Lisey 12 = B0
E Regulation
= BAEximum:
20% vy =05
dE{a)
i
ELI EL

Mormzlized MNomalized
20 kmifhr 250 kmyhr




Ld Calculations

EU Microphone Position: 7.5 m fror
centerline, 1.2 m Above Top of |

Common Parameters Value Units
Duration of Day Time Period 16 hours
57,600 sec
Reference Train Length 200.19 m

Calculation of Chinese Ld based on Common Reference Train Data Set

Time of Pass-by Event | sec 9.01 2.88
t(j): Ratio of Pass-by Time to 16- 0.0001564 0.0000500
Hour Day Period ' '
Train Speed km/hr 80.00 250.00
m/sec 22.22 69.44
(microphone position
4P)AE°rpass-bv dB(A) 65.55 80.50

Number of Trains during 16-Day
Time Period

L, (the A-weighted equivalent sound leve

20 44.48 54.49
100 47.49 57.50
150 49.25 59.26
200 50.50 60.51
250 51.47 61.48
300 52.26 62.27
350 52.93 62.94
400 53.51 63.52
Comparist
1208
100%: 1005
E 100%
E
=
E om0
il
Z
g
= B0%
5
E‘ Regulztion Aegulztion
& . BAERimIL: haximum:
5 W% =80 v, =85
= dBfa)



Paery

20%

0%
EU Mormalized EU Normzlized Chi
&0 kb 2580 km/hr r

EU Microphong Pasition: 7.5 m from Tr:
centerfing, 1.2 m Above Top of Rai

Comparison of EU and Japan Regulations for Japan Shinkansen High Speed Rail: Zone |, Residen

N
'—eq (hour)= 19 logio lz t(j) 10% the time increment for calculating t(j) is 1 hour (3,600 secor
j=1
Common Parameters Value Units
Duration of Day Time Period 1 hour
3,600 sec
Reference Train Length 200.19 m

Calculation of Japanese Leq based on Common Reference Train Data Set

Time of Passby Event sec 9.01 2.88

t(j): Ratio of Passby Time to 16-

Hour Day Period 0.0025024 0.0008008

Train Speed km/hr 80.00 250.00
m/sec 22.22 69.44

L (microphone position

SF;AEQ'paSS'bV dB(A) 66.34 81.30

Number of Trains during 1-Hour

) ) L (the A-weighted equivalent sound level me
Time Period d

8 49.36 59.36
16 52.37 62.37
24 54.13 64.13
32 55.38 65.38
40 56.35 66.35
48 57.14 67.14
56 57.81 67.81
60 58.11 68.11




60% ——

40%

Percent of Regulation Maximum %)
&8
kS

20%

Baszed on Common Re

Japan Moise Metric, L.,
Pericd. If the numbser ¢

100% 100%

Regulation — Regulat

hAzxirmum: PAzxIrmL

T Lakss = BD Loce: TR =
dB{a)

EU Mormzlized EU Mormal
80 km/hr 250 kmy/

!

1
EU kdicrophone Position: 7.5 mi i
Centerling, 1.2 m Above Top

Comparison of EU and Japan Regulations for Japan Shinkansen High Speed Rail: Zone II, Comm«

Reference: Ministry of the Environment, Government of Japan,

Environmental Quality Standa

Supeexpress Railway Noise, Notification No. 91 of 1993, Article 16 of the Basic Enviornmental
Quality Standards, https://www.env.go.jp/en/air/noise/railway.html



Percent of Regulation Maximum (%)

1205

1005

0%

60%

20%

20%

L

Comyg

Japan kk
Period. |

Percent:
pressurs
Reporte

56.3 d
L

_§

100% 100%
Regulation Regulation
MaEximum: Maxmum:

T Limeery=B0 [ Lpsemra =95
dBia) de(a)

EU Mormalized EU Normzlized Japan 301

80 km/hr 250 kmy,/hr

J

40 Pazz

L

T

EU Microphone Position: 7.5 m from Track

Centerling, 1.2 m Above Top of Rail



Spreadsheet-Based Tool for Comparing Noise Standa
Conversion Tool for Noise Regulations and Standards

CONTRAST Comparison Of Noise for TRAin STandards

Comparisons of Noise Regulations for US, EU, China, and Japan, based on Com

: (see Common Reference Data Set worksheets).

malized values, L are exactly achieved (values are 100% of maximum allowak

pAeq,Tp (80 km/hour) and LpAeq,Tp (250 km/hr)
en calculated using this Common Reference dat set. Comparions are made based on percentages of

For the measurements in this study, there is a 95% cc

:;:rr::e Percent of Maximum Allowed Comparison
Value %
Value, Pa ° 140% Based on Common Ref
0.200000 100% =
E3 £0.0 dB(A
1.124683 100% - 120% (A) 95.0 dB[A)
0324777 51% 2 Joo% 100% 100%
b
0.471339 75% g
0.677876 107% ‘g 80%
0.324777 36% x N
0.471339 53% ) Regulation
- - = Maximum: Regulation
0.677876 76% o 40% Lpseq1p = Maximum:
5 Lp.ﬂ.e:],Tp=95
£ 20% dB(A)
[- B
N 0%
EU Normalized 80 EU Normalized
\ km/hr km/hr
1
EU Microphone Position: 7.5 m from 1
Centerline, 1.2 m Above Top of Ra
rence Data Set. Pa = 0.00002*(10%/29)

The calculation includes all of the pass-by data points from the time recording of the microphone SPL signals starts
until the time recording of microphone SPL signals ends.

N

LD
10 log;, Z t(j)10 10

i—



Ls—= |

Maximum
Regulation Value,
dB(A)
2.40 2.06 EU Normalized 80 km/hr 80
0.0000834 0.0000715 EU Normalized 250 km/hr 95
300.00 350.00 China 80 km/hr, 40 Pass-bys 60
83.33 97.22 China 80 km/hr, 60 Pass-bys 60
83.74 86.89 China 250 km/hr, 40 Pass-bys 60
:asured during the night time), dB(A) China 250 km/hr, 60 Pass-bys 60
51.98 54.47 China 300 km/hr, 40 Pass-bys 60
54.99 57.48 China 300 km/hr, 60 Pass-bys 60
56.75 59.24 China 350 km/hr, 40 Pass-bys 60
58.00 60.49 China 350 km/hr, 60 Pass-bys 60
58.97 61.46
59.76 62.25
60.43 62.92
60.73 63.22

J and China Night Time L, Moise Regulation Sound Pressure Level Limits

rernce Traim Passby Moise Data S5et

for &-Hour Might Time Period:

61.5 dB{a)
118%

of Pazsbys Occurs during the 2-Hour Periad £0.7 dB(A]
50.0 dE{a)
5B.3 dB{a) -
56.5 dE{A) 22%
673 o

Percentagss are based on sound

pressure lewsls in units of Pascals.

Reported values are in units of dB(4)

4E.3 dE{a)

46.5 dBla) _ -
214

LT
] Regulation Maximum: L, = &0 dB[A]
- I T T - T

China 80 China 80 China 250 China 250 China 200 Chima 300

oy, 440 kmyhr, 80 km/hr, 20 kmy'hr, &0 kmyhr, 40 kT, &0
Passbys Fasshys Pa==hy= Pazshys Fassbys Passbys
i

Chira 350 Cl
kmfhr, 40 kn

Fasshys

F




nTrack china Microphons Position: 30 m from Track
pail Centerline, 1.2 m Abowve Top of Rail

The calculation includes all of the pass-by data points from the time recording of the microphone SPL signals starts
until the time recording of microphone SPL signals ends.

Maximum
Regulation Value,
dB(A)
2.40 2.06 EU Normalized 80 km/hr 80
0.0000417 0.0000357 EU Normalized 250 km/hr 95
300.00 350.00 China 80 km/hr, 250 Passbys 70
83.33 97.22 China 80 km/hr, 400 Passbys 70
83.74 86.89 China 250 km/hr, 250 Passbys 70
| measured during the day time), dB(A) China 250 km/hr, 400 Passbys 70
56.93 59.42 China 300 km/hr, 250 Passbys 70
59.94 62.43 China 300 km/hr, 400 Passbys 70
61.70 64.19 China 350 km/hr, 250 Passbys 70
62.95 65.44 China 350 km/hr, 400 Passbys 70
63.92 66.41
64.71 67.20
65.38 67.87
65.96 68.45
wn of EU and China Day Time Ly Noise Regulation Sound Pressure Level Limits
Based on Common Reference Train Passby Moize Data Set
China Moize Matric, Ly, for 16-Hour Day Time Period: BB.4 dBlA)
Mots Indicated Mumber of Passbys Coours during the 16-Hour Period ' 54*:{- '
. £6.4 dBjA)
Percentages are based on sound 85.0dBlA) E6%
pressure lzvels in units of Pascals, p—— bFR
Reported valuss are in units of dSa) £3.5 d5{A) 3 aBlA)
_ 47% a0
E1.5 dBja)
1]

e — i 53.5 dBla)



51.5 aB{a]

12%
r Regulation Maximum: L, = 70 dBj4)
na 30 km/hr, China 20 kmy'hr, China 250 Ching 250 Chimg 300 China 300 China 350 Chima 350
S0Pazsbys 400 Passhys wrn/hir, 250 km/hr, 200 km/hr, 250 km/hr, 400 kmy/hr, 250 km/hr, 200
zsshys Passhys Fasshys Pazzhys Passhys Passbys
—_ . i
ik Chinz Microphone Positien: 30 m from Track
Centerling, 1.2 m Above Top of Ral
itial Areas
Leq = Receiver’s cumulative noise exposure from all
1ds) LA(t) = A-weighted equivalent continuous sound pre:

where the 1-hour time interval extends from
the time increment for calculating t(j) is 1 hot
The calculation includes all of the pass-by data points from the time recording of the microphone SPL signals starts

until the time recording of microphone SPL signals ends.
The Japan Shinkansen Train noise regulations are related to Microphone Position 3 (25 m from track centerline and 1.

Maximum
Regulation Value,
dB(A)
2.40 2.06 EU Normalized 80 km/hr 80
0.0006673 0.0005720 EU Normalized 250 km/hr 95
300.00 350.00 Japan 80 km/hr, 40 Passbys 70
83.33 97.22 Japan 80 km/hr, 60 Passbys 70
84.53 87.69 Japan 250 km/hr, 40 Passbys 70
rasured during the 1-hour time period), dB(A) Japan 250 km/hr, 60 Passbys 70
61.80 64.29 Japan 300 km/hr, 40 Passbys 70
64.81 67.30 Japan 300 km/hr, 60 Passbys 70
66.58 69.06 Japan 350 km/hr, 40 Passbys 70
67.83 70.31 Japan 350 km/hr, 60 Passbys 70
68.79 71.28
69.59 72.07 Table Above is for Leﬂ| relative to Zo
70.26 72.74
70.56 73.04

Comparison of EU and Japan L., (1-hour) Noise Regulation Limits:

- JENNEY [ . IR R R |



LIS 1, NEsraeTindi

ference Train Passbhy Moise Data Set

, for 1-Hour Time Period: Motz Indicgted Mumber of Fassbys Ocours during the 1-Hour 713d
of passby events excesds 20 per hour, they will occur on parzllel tracks. 70.5 dE{A) 11E
107%
Percentages are based on sound £8.E dB(a)
T pressurz lzvels in units of Pascals. 6E.1dB{a) — 97%
reported values are in units of dala TR
(Al 66.4 dBa)
bE%#

ion

m 58.1 dEja)

=85 — ' - .

56.3 dB(a) -
L1
I Regulation kMaximum: L., = 70 d&[4) for Zone | Residentizl Areas
lized Jzpan 80 km/hr, Japan 80 km/hr, lapam 250 lapam 250 lapan 300 Japan 300 lapan
hr 40 Pazzhys EQ Pazzhys km/hr, 40 km/hr, &0 km/hr, 20 km/hr, &0 km/hi
r Passbys Pazzby= Paszby= Pazzby= Pazz
1

from Track lapan Microphone Position: 25 m from Track

of Rail centerling, 1.2 m Above Top of Rail

arcial and Industrial Areas

Maximum
Regulation Value,
dB(A)

EU Normalized 80 km/hr 80

rds for Shinkansen EU Normalized 250 km/hr 95

Law, Environmental Japan 80 km/hr, 40 Pass-bys 75
Japan 80 km/hr, 60 Pass-bys 75
Japan 250 km/hr, 40 Pass-bys 75
Japan 250 km/hr, 60 Pass-bys 75
Japan 300 km/hr, 40 Pass-bys 75
Japan 300 km/hr, 60 Pass-bys 75
Japan 350 km/hr, 40 Pass-bys 75
Japan 350 km/hr, 60 Pass-bys 75

Table Above is for Leq relative to Zone Il, Ca



varison of EU and Japan L., (1-hour) Noise Regulation Limits:
Zone Il, Commercial and Industrial

Based on Common Reference Train Passby Moise Data Set

aise MEtric, L., for 1-Howr Time Period: Note Indicated Number of Passbys Ocours during the 1-Hour —
If the numiber of passby events excesds 20 per hour, they will occur on parallel tracks.

— M3a
yges are based on sound 70.6 dB[a)
¢ levels in units of Pascals. £ 633
d walues are in units of dS{a) 68.1d8(A) — 6E.3 da{a)
6.4 dB(A) 453 5%
3
B[.l!l.] 58.1 dEl.'!L:I
. 2
- .

Regulation Maximum: L, = 75 dB{4) for Zone 1| Cormnmerical and Industrial &reas
em/hr, Japan 80km/hr,  Japam 250 lapan 250 Japan 300 Japan 200 Japan:
bys B0 Pazshys krn/hr, 40 km/hr, &0 km/hr, 20 km/hr, 60 km/hr,

Fasshbys Faszzhby= Fazzbys Faszsby= Pazzh

1
Japan kcrophone Position: 25 m from Track
Centerling, 1.2 m Abowe Top of Rail



rds and Regulations B
.to Common Reference RICARDO

Program Version: 7 14-Oct-19

mon Reference

Vle)

wnfidence that the calculated pass-by noise levels are within £3 dB of the true values.

of EU and US Passby Noise Regulation Sound Pressure Level Limits

erence Train Passhy Noise Data Set —— 91L6dBlA] —

120% Percentages are based on sound
pressure levels in units of Pascals.
Reported values are in units of dB(A)

28.4 dB(A)
83%

91.6 dB(A)
85%

T ss5.2d8(A) 88.4 dB(A)

57%

85.2 dB(A)

Regulation Maximum: L,z = 90 dB(A)

59%
= .

Regulation Maximum: Liyggzasy = 93 dB(A)

250 US Locomotive 250 US Locomative 300 US Locomotive 350  US Rail Car 250 US Rail Car 300 US Rail Car 350
| km/hr km/hr km/hr km/hr km/hr km/hr

I
US Microphone Position: 30 m from Track
Centerline, 1.2 m Above Top of Rail

US Pass-by Noise Metric = Lp =

AFmax - max(fast)



Common Percent of
. Common .

Reference | Maximum Reference Maximum
Value, Value, Pa Value. Pa Allowed
dB(A) ! Value %
80.0 0.2000000 | 0.2000000 100%
95.0 1.1246827 | 1.1246827 100%
46.5 0.0200000 | 0.0042389 21%
48.3 0.0200000 | 0.0051916 26%
56.5 0.0200000 | 0.0134105 67%
58.3 0.0200000 | 0.0164245 82%
59.0 0.0200000 | 0.0177665 89%
60.7 0.0200000 | 0.0217595 109%
61.5 0.0200000 | 0.0236563 118%
63.2 0.0200000 | 0.0289729 145%

3.2 deja)

145%

iina 350

n'hr, &0

‘azshy=




Common Percent of
. Common .
Reference | Maximum Reference Maximum
Value, Value, Pa Value. Pa Allowed
dB(A) ! Value %
80.0 0.2000000 0.2000000 100%
95.0 1.1246827 1.1246827 100%
51.5 0.0632456 0.0074935 12%
53.5 0.0632456 0.0094786 15%
61.5 0.0632456 0.0237067 37%
63.5 0.0632456 0.0299868 47%
63.9 0.0632456 0.0314071 50%
66.0 0.0632456 0.0397272 63%
66.4 0.0632456 0.0418188 66%
68.4 0.0632456 0.0528971 84%




| events over a specified time period (1 hour)

ssure level produced by the train as measured during the pass-by event
t to tzandT= t-t =1 hour

Ir (3,600 seconds) and LA(j) =L(j)
2 m above top of rail)
Common Percent of
. Common .
Reference | Maximum Reference Maximum
Value, Value, Pa Value. Pa Allowed
dB(A) ! Value %
80.0 0.2000000 0.2000000 100%
95.0 1.1246827 1.1246827 100%
56.3 0.0632456 0.0131339 21%
58.1 0.0632456 0.0160856 25%
66.4 0.0632456 0.0415510 66%
68.1 0.0632456 0.0508893 80%
68.8 0.0632456 0.0550476 87%
70.6 0.0632456 | 0.0674193 107%
71.3 0.0632456 0.0732964 116%
73.0 0.0632456 0.0897693 142%

ne |, Residential Areas



73.0 dBja)

142%
IBiA)
i3
EL) Japan 350
r, 40 kmyhr, 60
by= Pazzby= |
Common Percent of
Reference | Maximum :ofmrmnon Maximum
Value, Value, Pa Vealiee ;ae Allowed
dB(A) ! Value %
80.0 0.2000000 | 0.2000000 100%
95.0 1.1246827 1.1246827 100%
56.3 0.1124683 | 0.0131339 12%
58.1 0.1124683 | 0.0160856 14%
66.4 0.1124683 | 0.0415510 37%
68.1 0.1124683 | 0.0508893 45%
68.8 0.1124683 | 0.0550476 49%
70.6 0.1124683 | 0.0674193 60%
71.3 0.1124683 | 0.0732964 65%
73.0 0.1124683 | 0.0897693 80%

ymmercial and Industrial Areas




73.0dB(A)

205
IB[&)
3
350 lapan 350
&0 km/hr, 60

WE Pazzhys








































( U.S. Department of Transportation
u Federal Railroad Administration

Federal Railroad Administration
High Speed Rail Noise Standards and Regulations

|Pass-By Noise Comparisons

Summary of Pass-by Data Sets Currently in Library

Microphone Position 1: Pass-By Noise Metrics
Speed = 250 km/hr

Train Set Loneare L enimarny L asmax
Korean HEMU-430X 97.61 100.34 98.18
Thalys PBKA 96.35 99.02 94.92
CRH3 Series (based on Siemens) 91.71 93.28 92.23

— EU TSI NOI (2014):
[ Limit for Lysg 1o at 250 km/hr = 95 dB(A)

/
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Pass-By Moise Metri

Microphone Position 1:
Speed = 80 km/hr Pass-By Noise Metrics



Train Set

LpAeq,Tp p(maximum) pASmax
Korean HEMU-430X 84.93 87.67 85.50
Thalys PBKA 82.29 84.95 80.85
CRH3 Series (based on Siemens) 77.23 78.80 77.76

~—— EU TSI NOI (2014):

100 -

Limit for Lyseq p at 80 km/hr = 80 dB(A)

1l

EU Regulations

Sound Pressure Level dB(A)
h £ @ oo
o =] o o =]
‘-""-_

2 B 5 3 £ z
g £ 5 5 :
5 g g 3 g
5 g
Comparison of LpAeq,Tp values: Data Reduction vs. TSI NOI 2014 Methods
Train Set LpAeq,Tp (80 kph) dBfa)
Calculated [TSI NOI (2014)] Calculated
Korean HEMU-430X 84.9 84.9 97.6
Thalys PBKA 82.3 82.3 96.4
China CRH3 Series, Microphone 1 77.2 77.2 91.7
China CRH3 Series, Microphone 2 77.0 77.0 91.5
China CRH3 Series, Microphone 3 77.4 77.4 91.9

Comparison of L Calculations
pAeq,Tp

Measurement Uncertainty is £3 dB

100 -

an ]




Loseqrs 9B(A)

US Noise Regulations

Comparisons of L

Korean HEMU-430X Thalys PBKA China CRH3 Series, (
Microphone 1

(which is equal to LpAFmax ) for trainsets relative to US

max (fast)

Microphone Position 4 (30 m from track centerline and 1.2 meters above top

max (fast) dB(A
Train Set Train Speed
80 150 200
Korean HEMU-430X 79.8 86.2 89.5
Thalys PBKA 70.1 77.0 80.8
China CRH3 Series, Microphone 4 66.6 73.6 77.5

— US Noise Regulation, Rail Cars, Speed
(72.4 ken/hr): Losay ey = 93 dB(A)

__120
< /
o
© 100 ¥
E ____________________________ e
'"-%' %0 '_____——-—"“——____*__
E
=l
e 60
E 10 Measurement Uncertainty is 23 dB
] B
K]
z
2 20
% Train Speed (miles/hour)
e, 31.1 62.1 93.2 124.3 155.3 186.
0 50 100 150 200 250
Train Speed (km/hr)
Compliance with China Noise Regulations Microphone |
Ld = The A-weighted equivalent sound leve

&l L(j) where 1
Ld — 10 loglo z t(j)lﬂ 10 dU



=1 1

= The A-weighted equivalent sound leve

levels corresponding to the time perio

Example, the Thalys PBKA traveling at a speed of 296 km/hr, has a sound pressure le

The pass-by time is 4.2 seconds. If the pass-by event occurs during the 8 hour night

Ln Calculations

For this case, t(j) =

0.0001458 and L for two pass-by event:

Common Parameters Value Units
8 hours
Duration of Night Time Period 28,800 sec
Korean HEMU-430X Train Length 147.4 m
Thalys PBKA Train Length 200.19 m
China CRH3 Series Train Length 200 m
Train Speed: 80
Specific Parameters Units 22.22
Korean
HEMU-430X Thalys PBKA
Time of Passby Event sec 6.63 9.01
t(j):' Ratio of Passby Time to 8-Hour Night 0.0002303 0.0003128
Period
AEQpass by (microphone position 4) dB(A) 74.38 67.67
Number of Trains during 8-Hour Night Perjod

8 47.04 41.65
16 50.05 44.66
24 51.81 46.42
32 53.06 47.67
40 54.03 48.64
48 54.82 49.43
56 55.49 50.10

Mitigation methods required if L, exceeds 60 dB(A), for examples, barriers

70

[=)]
o

? Mitigation methods required

E

nd Level, dB(A)
(4]
]

=
=]

'

o mitigation methods required



L, Equivalent Sou
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Train Speed = 80 km/hr

Average Number of Passby Events per Hour

1.25 2.50 3.75

10 20 30

5.0 6.25

40 50

7.5

60

Number of Passby Events during 8-Hour Night Time Period
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o o o o o o

L, Equivalent Sound Level, dB(A)

=]

Ld Calculations

———

Train Speed = 300 km/hr

10 20 30

40 50 60
Number of Passky Events during 8-Hour Night Time Period

Common Parameters Value Units
Duration of Night Time Period 16 hours
57,600 sec
Korean HEMU-430X Train Length 147.4 m
Thalys PBKA Train Length 200.19 m
China CRH3 Series Train Length 200 m
Train Speed: 80
Specific Parameters Units 22.22
Korean
HEMU-430X Thalys PBKA
Time of Pass-by Event sec 6.63 9.01
t(J.)Z Ratlo.of Pass-by Time to 16-Hour 0.0001152 0.0001564
Night Period
sacpessby (MICFOPhONE position 4) dB(A) 74.38 67.67
Number of Trains during 16-Hour Day P¢riod
30 49.77 44.38
60 52.78 47.39
90 54.54 49.15
120 55.79 50.40
150 56.76 51.37
180 57.55 52.16




210 | 5822 52.83

Mitigation methods required if Ly exceeds 70 dB{A), for examples, barriers

80 -
= 70 f Mitigation methods required ,’/
<
E * No mitigation methods required
. 60
g '/K_*’*’R——k——'
8 50
o
c
3 40
- Train Speed = 80 km/hr
£ 30
g
g 20
w
F 10 Average Number of Passby Events per Hour
0 3.13 6.25 9.3 12.50 15.63
0 50 100 150 200
Number of Passby Events during 16-Hour Day Time Period
80 A
= »
@ /0 - . =
2 %
< 60 —
:
= 50
-
c
3 40
< Train Speed = 300 km/hr
< 30
2 20
3
o
w10
-y
U T T T T
o 50 100 150 200

Number of Passby Events during 16-Hour Day Time Period

Compliance with Japanese Regulations
In Japan, noise measurements are made at the railroad property line (microphone p

Noise Limits fof Japan Shinka
Maximum
Sound
Cod Applies to:|Area Cat
ode pplies to:|Are egory Pressure
Level dB(A)
In accordance with Basic Environmental |[Shinkansen
. 70 or less
Law (Law 91 of 1993) (HS Rail)
Il 75 or less
Notes:
1. Area Categories: I Residential Zones
I Commercial and Industrial Zot




2. The noise metric Leq is calculated using the energy mean of the peak noise levels

3. Sound pressure limits are not indexed by train speed

4. Measurements are to be carried out by recording the peak noise level of each of t
directions, in principle for 20 successive trains

5. Wayside noise mitigation methods, such as barriers, can be implemented to meet

The Leq noise metric is defined by the following equation:

1 [tz
Leq(hour) = 10 logo Tj- 10La(®/1

(=1

The maximum speed for Shinkansen trains is 320 km/hr. Train speeds of 300
this is discretized as L_(hour) = 10log, [(1/T)X1000/10A¢]
=1

N
L(J) . .
Thus, |_eq (hour)=  101log,, lz 30)10ﬁ the time increment for calcule
j=1

Leq Calculations

Common Parameters Value Units
Duration of Night Time Period 1 hour
3,600 sec
Korean HEMU-430X Train Length 147.4 m
Thalys PBKA Train Length 200.19 m
China CRH3 Series Train Length 200 m
Train Speed: 80
Specific Parameters Units 22.22
Korean
HEMU-430X Thalys PBKA
Time of Pass-by Event sec 6.63 9.01
t(j): Ratio of Passby Time to 1-Hour L
) ) eq 0.0018425 0.0025024
Time Period
L, by (microphone position 3) dB(A) 75.18 68.46
Number of Trains during 1-Hour Leq Timg Period
8 56.86 51.48
16 59.87 54.49
24 61.63 56.25
32 62.88 57.50
40 63.85 58.47
48 64.64 59.26
56 65.31 59.93
20 J Mitigation methods required
e e e e o e e e e e e e e e e e e e _

< 70 ;



L., Equivalent Sound Level, dB
e T T R N Y, B
o o &6 & o ©

o

80
70
&0
50
40
30
20
10

L.q Equivalent Sound Level, dB(A)

LAmax Calculations

lNo mitigation methods required i

Train Speed = 80 km/hr

Mitigation methods (for example, barriers) required if

Ley exceeds 70 dB(A) for Zone | and 75 dB(A) for Zone 2
0 10 20 30 40 50
Number of Passby Events during 1-Hour L., Time Period
/
———————— e ——e—=a=-F
— L3
Train Speed = 300 km/hr

0 10 20 30 40 50

Number of Passby Events during 1-Hour L., Time Period

Another metric employed in Japan to describe the noise from train passages

L .. is defined as the power- or energy-average of the "slow" maximum leve

La

=10 log,,

max

1 20
T 2 1(]{ LpASmax)j:{lU
20 j=1

If we assume all 20 consecutive pass-by measurements are identical, for pury

LAmax =10 IGng E

20 L nsma)/ 10
0" 1= 1010g, |1



Since: log,,(xY) =y log,y(x) and log,(10) =

Comparisons of L (which is equal to LpA . ) for trainsets relative to J

Amax (slow) Si

Microphone Position 3 (25 m from track centerline and 1.2 meters above top

dB(A), Micropho

'Amax (slow)

Train Set Train Speed
80 150 200
Korean HEMU-430X 78.4 84.8 88.1
Thalys PBKA 69.1 76.0 79.8
China CRH3 Series 67.1 74.1 78.0

Measurement Uncertainty is 3

__ 120
<
8 100 4 Mitigation methods required

R — e
F
T 60

o w No mitigation methods required

2 40

5]

=

2 20

'E Train Speed (miles/hour)

CE 0 31.1 62.1 93.2 124.3 155.3

0 50 100 150 200 250

Train Speed (km/hr)



Spreadsheet-Based Tool for Comparing Noise Standards and Regulations
Conversion Tool for Noise Regulations and Standards to Common Reference

CONTRAST Comparison Of Noise for TRA|

Pass-By Noise Metric: Measurement Uncertainty is +3 dB

PAFmax pAeq,pass-by TEL SEL 10 50
100.34 94.98 98.54 105.73 72.40 90.50
97.02 94.21 96.96 107.24 73.38 94.32
92.96 91.32 92.51 102.97 81.78 91.98

Train Speed = 250 km/hr
Microphone Position 1

B Korean HEMU-430X
Thalys PBKA
CRH3 Series (based on Siemens)
z S 3

— —

L3S0

ic: Measurement Uncertainty is +3 dB



Pass-By Noise Metric

pAFmax pAeq,pass-by TEI‘ SEL I-10 LSO
87.67 82.30 85.86 93.05 59.72 77.83
82.95 80.14 82.89 93.17 59.31 80.25
78.49 76.85 78.04 88.50 67.30 77.50
Measurement Uncertainty is £3 dB
Train Speed = 80 km/hr
Microphone Position 1
M Korean HEMU-430X
Thalys PBKA
CRH3 Series (based on Siemens)
! 5 3 3 3
Pass-By Noise Metric
pAeq,Tp (250 kph) dB(A)
TSI NOI (2014)

95.7

95.7

91.4

91.1

91.5

—— EUTSINOI (2014):

Limit for Lyseq1p at 250 km/hr = 95 dB(A)

—— EU TSI NOI (2014):
Limit for Loaeq1p 3t 80 km/hr = 80 dB(A)




N LpAeq,Tp (80 kph) Calculated
LpAeq,Tp (B0 kph) TSI NOI

B LpAeq,Tp (250 kph) Calculated
LpAeq,Tp (250 kph) TSI NOI

“hina CRH3 Series, China CRH3 Series,
Microphone 2 Microphone 3

» regulations.

1 of rail)
\)
(km/hr)
250 300 350
92.5 95.3 98.1
84.2 87.4 90.6
81.0 84.4 87.7
> 45 mph ~— US Noise Regulation, Locomotives, Moving : L.,
[fast) = S0 dB[A]
/
——k————— o _ >
+—Korean HEMU-430X
Thalys PBKA
China CRH3 Series, Microphone 4
4 217.5 248.5
300 350 400

Position 4 (30 m from track centerline, 1.2 m above top of rail)

I measured during the day time, dB(A). The sound level averaged on an energy basis is:

I is the fraction of time during which sound pressure level, L(j). occurs
Iring time period overwhich Ls; applies



I measured during the night time, dB(A). The equation for L would be the same as that for Ld with the sour

d defined as night .

vel (SPL), L

pAeq (pass-by)

= 84.7 dB(A) for microphone position 4 (30 m from track centerline, 1.2 m above top of rail).

time period, the fraction of time for each pass-by event is equal to 4.2 seconds divided by 8 hours (28,800 seconds)
s during the 8 hour time period would be = 10LOG10(2*t(j)*10~(84.7/10)) which is equal to:

The calculation includes all of the pass-by data points from the time recording of the microphone SPL signals starts

until the time recording of microphone SPL signals ends.

km/hr Train Speed: Train Speed:
250 km/hr 300
m/sec 69.44 m/sec 83.33
. . Korean HEMU- . . Korean HEMU-
China CRH3 Series 430X Thalys PBKA China CRH3 Series 430X Thalys PBKA
9.00 2.12 2.88 2.88 1.77 2.40
0.0003125 0.0000737 0.0001001 0.0001000 0.0000614 0.0000834
65.04 87.06 81.74 79.51 89.89 84.97
L (the A-weighted equivalent sound level measured during th¢ night time), dB({A)
39.02 54.77 50.77 48.54 56.80 53.21
42.03 57.78 53.78 51.55 59.81 56.22
43.79 59.54 55.54 53.31 61.57 57.98
45.04 60.79 56.79 54.56 62.82 59.23
46.01 61.76 57.76 55.53 63.79 60.20
46.80 62.55 58.55 56.32 64.58 61.00
47.47 63.22 59.22 56.99 65.25 61.66
Measurement Uncertainty is £3 dB
" China Noise Regulation:
Max L, for 8-Hour Night 70
Time Period . = ———a—= '
60 .(/_,__k_’_'_' =

nd Level, dB(A)
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Thalys PEKA

China CRH3 Series
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]

L, Equivalent Sou

~ China Moise Regulation:

Max L, for 8-Hour Night

Time Period

—s— Korean HEMU-430X

Thalys PBKA

China CRH3 Series

L, Equivalent Sound Level, dB(A)
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Train Speed = 250 km/hr

10

20 30

40 50

60

Number of Passby Events during 8-Hour Night Time Period

/k’k_HJd’r. X

—

Train Speed = 350 km/hr

10

20 30

40 50

&0

Number of Passby Events during 8-Hour Night Time Period

The calculation includes all of the pass-by data points from the time recording of the microphone SPL signals starts
until the time recording of microphone SPL signals ends.

km/hr Train Speed: 250 km/hr Train Speed: 300
m/sec 69.44 m/sec 83.33
. . Korean HEMU- . . Korean HEMU-
China CRH3 Series 430X Thalys PBKA China CRH3 Series 430X Thalys PBKA
9.00 2.12 2.88 2.88 1.77 2.40
0.0001563 0.0000369 0.0000500 0.0000500 0.0000307 0.0000417
65.04 87.06 81.74 79.51 89.89 84.97
L, (the A-weighted equivalent sound level measured during th¢ day time), dB(A
41.75 57.50 53.50 51.27 59.53 55.94
44.76 60.51 56.51 54.28 62.54 58.95
46.52 62.27 58.27 56.04 64.30 60.71
47.77 63.52 59.52 57.29 65.55 61.96
48.74 64.49 60.49 58.26 66.52 62.93
49.53 65.28 61.28 59.05 67.31 63.73




50.20 65.95

61.95

59.72

67.98 64.39

/ China Noise Regulation:
— Max Ly for 16-Hour Day
Time Period

—+— Korean HEMU-430X
Thalys PBKA
China CRH3 Series

-
250
Vs China Noise Regulation:
_ Max Ly for 16-Hour Day
Time Period
—+— Korean HEMU-430X

Thalys PBKA

China CRH3 Series
-1

250

Ly Equivalent Sound Level, dB(A)

Ly Equivalent Sound Level, dB{A)

80

70

&0

50

40

30

20

10

80
70
60
50
40
30

o

Measurement Uncertainty is £3 dB

[}
Train Speed = 250 km/hr
50 100 150 200 25
Number of Passby Events during 16-Hour Day Time Period
. 4
Train Speed = 350 km/hr
50 100 150 200 2!

Number of Passby Events during 16-Hour Day Time Period

osition 3). Maximum sound pressure levels vary by land use category.

hsen High Speed Rail

Metric for Noise Measurement
Measurement Location
S TTTTTUTNTT LUradluinN
centerline at
eq’ ~Amax elevation of 1.2

nes

For areas adjacent to Japan's hig

the stricter Environmental Quali

References:

! Ministry of the Environment, G
Notification No. 91," Japan Min



2 Ministry of the Environment, G
https://www.env.go.jp/en/air/t
he Shinkansen trains passing in both

noise limits.

Receiver’s cumulative noise exposure from all events over a specified time pe

eq

°dt (0=

A-weighted equivalent continuous sound pressure level produced by the trai
where the 1-hour time interval extends from ttot, and T = t-t=1 hour

rkm/hr and 350 km/hr are included in the following analysis.

since At/T =t(j) = the fraction of time during which the sound pressurel level LA(t) occurs during the time period over
to that for L,and L, except for the time period being equal to 1 hour (3,600 seconds).

iting t(j) is 1 hour (3,600 seconds) and LAU) =L(j)

Microphone Position 3 (25 meters from track centerline, 1.2 meters above top of rail)

The calculation includes all of the passby data points from the time recording of the microphone SPL signals starts
until the time recording of microphone SPL signals ends. For the Japan regulation the total time period is 1 hour.

km/hr Train Speed: Train Speed:
/ P 250 km/hr P 300
m/sec 69.44 m/sec 83.33
. . Korean HEMU- . . Korean HEMU-
China CRH3 Series 430X Thalys PBKA China CRH3 Series 430X Thalys PBKA
9.00 2.12 2.88 2.88 1.77 2.40
0.0025000 0.0005896 0.0008008 0.0008000 0.0004913 0.0006673
65.83 87.85 82.53 80.30 90.68 85.76
Leq (the A-weighte equivalent sound leyel measured during a pne-hour time pgriod), dB(A)

48.84 64.59 60.59 58.36 66.62 63.04
51.85 67.60 63.60 61.37 69.63 66.05
53.61 69.36 65.36 63.13 71.40 67.81
54.86 70.61 66.61 64.38 72.64 69.06
55.83 71.58 67.58 65.35 73.61 70.03
56.62 72.37 68.37 66.14 74.41 70.82
57.29 73.04 69.04 66.81 75.08 71.49

lapan Noise Regulation:

Max L., for 1-Hour Time

Measurement Uncertainty is £3 dB

Period: Commercial &

Industrial Zone I
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Japan Noise Regulation:
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Period: Residential Zone | Train Speed = 350 km/hr

L.q Equivalent Sound Level, dB(A)
N
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—=—Korean HEMU-430X
10
Thalys PBKA

0
60 China CRH3 Series o 10 20 a0 40 5
Number of Passby Events during 1-Hour L., Time Peri

isL

Amax”

| (LpASmax) of 20 consecutive train passbys, as expressed in the following equation:

yoses of comparing noise metrics, we find LAmax =L . as shown below:

pASma:

L
O{LDASmEleG = % 10 |0g19(10) = LpASmax



apan regulations for 20 passby events.

» of rail)

ne Position 3

(km/hr)
250 300 350
91.1 93.9 96.7
83.2 86.4 89.5
81.5 84.9 88.2
 dB

Japan Noise
Regulation: Max

- / Lamax for 20 Passby
Events: Commercial

- & Industrial Zone |l

© —a—Korean HEMU-430X '\
Japan Noise

- Thalys PBKA Regulation: Max
China CRH3 Series Lamax TOr 20 Passby
Events: Residential

186.4 217.5 2485 Zone |
1

300 350 400
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920

98.69
97.48
92.68
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86.01

83.41

78.20







1d levels corresponding to

49.35 dB(A)
Train Speed:
km/hr 350 km/hr
m/sec 97.22 m/sec
China CRH3 |Korean HEMU- China CRH3
Series 430X WG LS Series
2.40 1.52 2.06 2.06
0.0000833 0.0000526 0.0000715 | 0.0000714
82.86 92.64 88.13 86.14
51.10 58.88 55.70 53.71
54.11 61.89 58.71 56.72
55.87 63.65 60.47 58.48
57.12 64.90 61.72 59.73
58.09 65.87 62.69 60.70
58.88 66.66 63.48 61.49
59.55 67.33 64.15 62.16

" China Noise
Regulation: Max L,
for 8-Hour Night




—Korean HEMU-430X

Thalys PBKA

China CRH3 Series

" China Noise
Regulation: Max L,
for 8-Hour Night

-=— Korean HEMU-430X

Thalys PBKA

China CRH3 Series

Train Speed:

km/hr 350 km/hr
m/sec 97.22 m/sec
China CRH3 |Korean HEMU- China CRH3
Series 430X UL B AL Series
2.40 1.52 2.06 2.06
0.0000417 0.0000263 0.0000357 | 0.0000357
82.86 92.64 88.13 86.14
53.83 61.61 58.43 56.44
56.84 64.62 61.44 59.45
58.60 66.38 63.20 61.21
59.85 67.63 64.45 62.46
60.82 68.60 65.42 63.43
61.61 69.39 66.21 64.22




62.28 70.06 66.88 64.89

/7 China Noise
Regulation: Max Ly
for 16-Hour Day

—+— Korean HEMU-430X
Thalys PBKA
Chinese CRH3 Series

#" " China Noise
Regulation: Max Ly
for 16-Hour Day

—+— Korean HEMU-430X
Thalys PBKA
China CRH3 Series

50

h speed train lines, the Shinkansen Superexpress Railway Noise regulations® apply and supersedes

ty standards?.

overnment of Japan, "Environmental Quality Standards for Shinkansen Superexpress Railway Noise,
istry of the Environment, Tokyo, Japan, 1993.



overnment of Japan, "Environmental Quality Standards for Noise, Environmental Agency Notification No. 64,
10ise/noise.html," Japan Ministry of the Environment, Tokyo, Japan, 1998.

ariod

n as measured during the passby event

which Leq applies, we obtain a relationship similar to

Train Speed:
km/hr g 350 km/hr
m/sec 97.22 m/sec
China CRH3 |Korean HEMU- China CRH3
Series 430X UL B AL Series
2.40 1.52 2.06 2.06
0.0006667 0.0004211 0.0005720 | 0.0005714
83.66 93.43 88.92 86.93
60.93 68.70 65.52 63.53
63.94 71.71 68.53 66.54
65.70 73.47 70.29 68.30
66.95 74.72 71.54 69.55
67.92 75.69 72.51 70.52
68.71 76.48 73.30 71.31
69.38 77.15 73.97 71.98
— lapan Noise
Regulation: Max L,
for 1-Hour Time
" Period: Commercial
— T T 7 & Industrial Zone




N lapan Moise
Regulation: Max L.,
for 1-Hour Time
FPeriod: Residential
Zone |

—s—Korean HEMU-430X
Thalys PBKA
China CRH3 Series

— lapan Noise
od Regulation: Max L.,
/ for 1-Hour Time

— = ¥ Period: Commercial

______ & Industrial Zone I

N lapan Noise
Regulation: Max L.,
for 1-Hour Time
Period: Residential
Zone |

—s— Korean HEMU-430X
Thalys PBKA

— 1 China CRH3 Series

od






( U.S. Department of Transportation
@’ Federal Railroad Administra

Federal Railroad Administration
High Speed Rail Noise Standards and Regulations

Data Set Number: 1
Data Set Name: Korean HEMU-430X

L AA]

Korean HEMU-430X  %i-

K
LRI 5 S BT AT

Dlsltxamplfe::t Passby Data’"™>"= Pre::ul:':d(Pa) Event
Time (sec) dB(A)

1 0 79.1 0.18031

2 0.05 79.4 0.18665

3 0.10 79.9 0.19771

4 0.15 80.2 0.20466

5 0.20 80.7 0.21679

6 0.25 81.6 0.24045

7 0.30 82.1 0.25470

8 0.35 83.2 0.28909

9 0.40 84.2 0.32436

10 0.45 85.2 0.36394

11 0.50 86.1 0.40367

12 0.55 86.6 0.42759

13 0.60 87.2 0.45817

14 0.65 88.9 0.55722

15 0.70 90.2 0.64719

16 0.75 91.3 0.73456

17 0.80 93.2 0.91418 <«

18 0.85 95.2 1.15088 10 dB(A) lower than SPL when
19 0.90 98.1 1.60705 Train Nose Passes Microphone
20 0.95 100.4 2.09426




21

1.00

103.2

2.89088

22 1.05 106.4 4.17859
23 1.10 106.2 4.08348
24 1.15 105.7 3.85505
25 1.20 108.2 5.14079
26 1.25 108.6 5.38307
27 1.30 108.2 5.14079
28 1.35 107.5 4.74275
29 1.40 107.2 4.58174
30 1.45 108.8 5.50846
31 1.50 108.9 5.57224
32 1.55 107.3 4.63479
33 1.60 106.2 4.08348
34 1.65 108.3 5.20032
35 1.70 109.9 6.25216
36 1.75 108.3 5.20032
37 1.80 106.8 4.37552
38 1.85 107.5 4.74275
39 1.90 108.7 5.44540
40 1.95 107.5 4.74275
41 2.00 107.2 4.58174
42 2.05 108.7 5.44540
43 2.10 110.4 6.62262
44 2.15 110.2 6.47187
45 2.20 109.3 5.83485
46 2.25 107.4 4.68846
47 2.30 107.2 4.58174
48 2.35 104.2 3.24362
49 2.40 100.5 2.11851
50 2.45 100.3 2.07028
51 2.50 99.1 1.80314
52 2.55 97.2 1.44887
53 2.60 96.4 1.32139
54 2.65 95.3 1.16421
55 2.70 92.6 0.85316
56 2.75 92.3 0.82420
57 2.80 91.2 0.72616
58 2.85 90.7 0.68554
59 2.90 89.7 0.61098

T

R

Train Nose Passes Microphone
Start Time for LpASmax Calculat

Maximum Sound Pressure Leve
End Time for LpASmax Calculat
Tail of Train Passes Microphone

10 dB(A) lower than SPL when
Train Tail Passes Microphone



CONTRAST

Spreadsheet-Based Tool for Comparing Noise Standards and Regulatio
Conversion Tool for Noise Regulations and Standards to Common Refe

Comparison Of Noise for TRAin STandards

Train Set Information

Year Data Set was Generated:

2016

SoundView Instrur

Train Set Manufacturer:

Hyundai Rotem

http://www.sour

Operator: Korail
Train Set Geometry and Test Conditions
Parameter Value | Units
Car Lengths
End Cars: 235 m
Intermediate Cars: 25.1 m
Number of End Cars: 2
Number of Intermediate Cars: 4
Test Train Length: 147.4 m
Test Train Speed(s): 400 km/hr
Microphone Position: 2 dB (sound press
Distance from Track Centerline: 7.5 m where 0.0002 is
Elevation above Top of Rail: 3.5 m so, Pa = 0.0000:
Time Increment for Passby Data, AT:Tin{ 0.05 sec
Number of Passby Data Points: 59

Plot of Passby Noise Data, Including Key Time Para

T, =1.327 Seconds

T =1.650 Seconds

“"' -l

b
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sure level in decibels) = 20 Ioglo(Pa/0.0000Z) dB (sound pressure level in decibels) = 20 IoglO(Pa/O.OOOOZ) dB (

i the reference sound pressure level in Pascals
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Comparison Of Noise for TRAin STandards Program Version: 7 14-Oct-19

Data Set Number: 1 Passby Noise Calculations References
Data Set Name: Korean HEMU-430X
[Calculate Train Passby Parameters 'He, et al., Investigation into External Noise of a High-Speed Train at Different Speeds, J Zhejiang Univ-Sci A (Appl Phys & Eng) 2014, 15(12):1019-1033
[ Train Speed (V): 400 km/hr = 111.11 m/sec FPaul, et al, High Speed Rail Noise Standards and Regulations, US DOT Federal Railroad Administration, Contract DTFR35-16-C00006, May 2017.
[Train Length: 147.4 m 6 cars: 2 end cars and 4 intermediate cars 'G. Xiaoan and J. Hua, "Application Research on Descending Vibration and Reducing Noise in Accelerating Speed Trains and Express Trains," Chinese
Time for Passby (T ) 1.3266 seconds  This is the time increment between nose of train passing JAcademy of Railway Sciences (CARS) Research Report, Beijing Shi, China, 2003.
microphone and tail of train passing microphone. Hanson, C.E., et. al., High Speed Ground Transportation Noise and Vibration Impact Assessment, U.S. Department of Transportation, Federal Railroad
Time for TEL(T ) 1.65 seconds  TELis the Transit Exposure Limit and represents the equivalent [Administration, Report Number DOT/FRA/ORD-12/15, September 2012.
A-weighted SPL over the time period beginning when the FGautier, P.E., Poisson, F., and Letourneaux, F., High Speed Trains External Noise: A Review of Measurements and Source Models for TGV Case Up to
instantaneous meter reading is 10 dB(A) less than L and 360 km/hr, in Proceedings of the 8th World Congress on Railway Research (2008).
continuing through the passby event until the meter reading is European Union, "Commission Regulation Number 1304/2014, on the technical specification for interoperability relating to the subsystem ‘rolling
again 10 dB(A) lessthanL stock — noise’ amending Decision 2008/232/EC and repealing Decision 2011/229/EU," Official Journal of the European Union, Brussels, Belgium, 2014.
[Calculate L~
Loseqs 1S the A-weighted equivalent continuous sound pressure level produced Microphone Position is 7.5 m from track centerline and 3.5 m above top of rail (Microphone Position 2).
by the train as measured during the passby event
where
o 2 Tp is the passby time interval = time when trail tail passes microphone minus time when train nose passes microphone = T,-T,
1 fra) T . .
L/;Aeq T, =10 Ig T T > dr dB 1 is the time when the train nose passes the microphone
27 Po T, isthe time when the train tail passes the microphone
PA“' is the A-weighted instantaneous sound pressure in Pa at time t
L 1cq.r, €21 be calculated from the passby data using the following Riemann Sum relationship: P, is the reference sound pressure: p,=20uPa = 0.00002 Pa
o 2 (1) i=n i At is the time increment between measured data points = 0.05 seconds
2 a(i "
[A— dt .= L A[/ PA(IJ is the A-weighted instantaneous sound pressure in Pa at pass-by time increment i
2 - 2
=4 ) Po
I3 Po i=1 An analysis conducted during the current study indicated the integral can be determined numerically, with acceptable accuracy, by employing a midpoint Reimann sum scheme with a mimimum
Ati = 0.05 seconds, and the corresponding Pa(i) analog meter values. This approach is described in: Hughes-Hallett, Deborah; McCullum, William G.; et al. (2005). Calculus (4th ed.), Wiley. p. 252.
PL
Data Point SPL Pascals 2f0 2 Data Point g0 2 Data Point SPL Pascals g0 2 Data Point SPL Pascals N2/ 2
i SPL dB(A) P(0)*/ i SPL dB(A) Pascal Pi/) Ti SPL dB(A P/ Ti SPL dB(A] P(0)/
Number ime (sec) (A) (Pa) i/p, Number ime (sec) (A) ;::c: s i/p Number ime (sec) (A) Pa) i)7p; Number ime (sec) (A) (Pa) (/e
1 0.00 79.10 0.180314 8.12831E+07 16 0.75 91.30 0.734565 | 1.34896E+09 31 1.50 108.90 5.572242 7.76247E+10 46 2.25 107.40 4.688458 5.49541E+10
2 0.05 79.40 0.186651 8.70964E+07 17 0.80 93.20 0.914176 | 2.08930E+09 32 1.55 107.30 4.634789 5.37032E+10 47 2.30 107.20 4.581735 5.24807E+10
3 0.10 79.90 0.197711 9.77237E+07 18 0.85 95.20 1.150880 | 3.31131E+09 33 1.60 106.20 4.083476 4.16869E+10 48 2.35 104.20 3.243620 2.63027E+10
4 0.15 80.20 0.204659 1.04713E+08 19 0.90 98.10 1.607052 | 6.45654E+09 34 1.65 108.30 5.200319 6.76083E+10 49 2.40 100.50 2.118507 1.12202E+10
5 0.20 80.70 0.216785 1.17490E+08 20 0.95 100.40 2.094257 | 1.09648E+10 35 1.70 109.90 6.252159 9.77237E+10 50 2.45 100.30 2.070284 1.07152E+10
6 0.25 81.60 0.240453 1.44544E+08 21 1.00 103.20 2.890880 | 2.08930E+10 36 1.75 108.30 5.200319 6.76083E+10 51 2.50 99.10 1.803142 8.12831E+09
7 0.30 82.10 0.254701 1.62181E+08 22 1.05 106.40 4.178592 | 4.36516E+10 37 1.80 106.80 4.375523 4.78630E+10 52 2.55 97.20 1.448872 5.24807E+09
8 0.35 83.20 0.289088 2.08930E+08 23 1.10 106.20 4.083476 | 4.16869E+10 38 1.85 107.50 4.742747 5.62341E+10 53 2.60 96.40 1.321387 4.36516E+09
9 0.40 84.20 0.324362 2.63027E+08 24 1.15 105.70 3.855050 | 3.71535E+10 39 1.90 108.70 5.445403 7.41310E+10 54 2.65 95.30 1.164206 3.38844E+09
10 0.45 85.20 0.363940 3.31131E+08 25 1.20 108.20 5.140792 | 6.60693E+10 40 1.95 107.50 4.742747 5.62341E+10 55 2.70 92.60 0.853159 1.81970E+09
11 0.50 86.10 0.403673 4.07380E+08 26 1.25 108.60 5.383070 | 7.24436E+10 41 2.00 107.20 4.581735 5.24807E+10 56 2.75 92.30 0.824195 1.69824E+09
12 0.55 86.60 0.427592 4.57088E+08 27 1.30 108.20 5.140792 | 6.60693E+10 42 2.05 108.70 5.445403 7.41310E+10 57 2.80 91.20 0.726156 1.31826E+09
13 0.60 87.20 0.458174 5.24807E+08 28 135 107.50 4.742747 | 5.62341E+10 43 2.10 110.40 6.622622 1.09648E+11 58 2.85 90.70 0.685536 1.17490E+09
14 0.65 88.90 0.557224 7.76247E+08 29 1.40 107.20 4.581735 | 5.24807E+10 44 2.15 110.20 6.471873 1.04713E+11 59 2.90 89.70 0.610984 9.33254E+08
15 0.70 90.20 0.647187 1.04713E+09 30 145 108.80 5.508457 | 7.58578E+10 45 2.20 109.30 5.834854 8.51138E+10
Data Point Number for Start of Passby Event (time at which train nose passes microphone): 23 =1 i=n Pali)?
Data Point Number for End of Passby Event (time at which train tail passes microphone): 45 i-n thus, z [—ZJ At = 7.67250E+10
P
i=1 ’
R 0] - ity
s = 10 1g T =T .I- Td" Lonears = 107.62 dB(A) Measurement Uncertainty is =3 dB
11, PO
Impact of Microphone Position References:
Microphone [ o - " | Elevation Above ) L o » " y
Position | Track Centerline | " i (m) Applies to Regulations in these Regions’ Comment L. Lu, X. Hu, Y. Zhang and X. Zhou, "Survey and Analysis of the Beijing-Shanghai High Speed Rail
us EU China Japan Noise," in The 21st International Congress on Sound and Vibration, Beijing, China, 2014.
1 7.5 12 X (TS 2014) frsi 1304 *G. Xiaoan and J. Hua, "Application Research on Descending Vibration and Reducing Noise in
2 7.5 3.5 X (TS12014) JAlso required for|speeds > 250 km/hr Accelerating Speed Trains and Express Trains," Chinese Academy of Railway Sciences (CARS)
3 25 3.5 X (TSI 2008) X Reference for prd 2014 train sefs Research Report, Beijing Shi, China, 2003.
4 30 12 X X US and China mepsurement location “W. Elliott, "Request for Information Reference FOI13-580, Comparison of Measured Sound

Impact of microphone distance is determined from the following equation:* L, =L - 10*LOG(d/d0), where L _ is the equivalent A-weighted constant sound pressure level

for the microphone at distance d0, and d is the distance for Ld.

Levels for High Speed Trains as a Functionof Distance from Track," High Speed Rail Two (HS2),
London, England, 2013.




Microphone | Distancefrom [ o\ tion Above L § -
Ly Track Centerline A L at400 km/hdB(A) |L at 400 km/h (Pa) Sound Pressure Variations for Microphone Positions &
Position () Top of Rail (m) (35D (88T
To convert dB(A) to Pascals: Pa = 0.00002*(10~(dBA/20)) Train Speed from 5
1 75 12 105.90 3.946 To convert Pa to dB(A), dB(A) = 20¥LOG10(Pa/0.00002) Speed (km/hr) rear IBA)
2 7.5 3.5 107.62 4.810 M1 M2 M3
3 25 3.5 94.72 1.089 Note: The simple sound level correction formula 271 93.2 95.8 82.0
4 30 1.2 93.93 0.994 underestimates the measured values. Therefore, 341 96.5 98.0 85.5
ratios based on actual measurements were used to 386 98.5 100.1 88.1

adjust for microphone location (table at right).

[Calculated Noise Metrics: Maximum Recorded Sound Pressure Levels

[The following calculations are for Microphone Position 2 L,‘,,,,xim,,,, = maximum recorded pass-by sound pressure level

I'wmax.mum) = 1104 dB(A) which occurs at data point 43 at passby time 2.10 seconds

L sm 1S the maximum sound pressure level, slow and A-weighted and L . =maximum sound pressure level, fast and A-weighted. The time period for the "slow" reading is 1 second. The time period for the "fast" reading is 0.125 seconds.

L 1ms €3N b calculated as the logarithmic average of the recorded SPLs for the 1 second time interval containing the highest values The logarithmic average for an Excel array is: {=10*LOG(AVERAGE(10*(ARRAY/10)))} array-entered, i.e. using CTRL-Shift-Enter keys
where array is of the form A10:A15. In the current case, the array is Pass-By Data Set 1, C:48:C68
Highest 1-second interval occurs from start time 12 to end time 22 Thus, L. = 108.20 dB(A)

Similarly, L, can be calculated as the logarithmic average of the recorded SPLs for the 0.125 second time interval containing the highest values

Highest 0.125-second interval occures from start time 2.10 to end time 2.225 Thus, LW,,.,X = 110.40 dB(A)

[Calculated Noise Metrics: Other Standard Parameters

[The following calculations are for Microphone Position 2

L prapuesy S the A-weighted equivalent continuous sound pressure level produced during the entire pass-by event, including approach, T , and departure (used for L, L, etc.)
[The calculation includes all of the passby data points.

[Data Point Number for Start of Passby Event (time at which microphone begins recording): 1 i=1 i=n Pa(i)?
Data Point Number for End of Passby Event (time at which microphone ends recording): 59 i-n  thus, Z [—IJ A 9.05886E+10 T,-T,= 2.90 seconds
)2
i=1 °
T3 2 )
- 1 ralr) -
Feissny™ 1019 | e [ F25 500 | L, 104.95 ds(a)
3
2 7 PO
TEL is the Transit Exposure Limit® Itis measured over the time interval starting when the SPLis 10 dB(A) lower than L, and ending when the SPL again reaches a value that is 10 dB(A) lower than L,
TELis calculated using the followign formula TEL=L, . +10*LOG(T /T) TEL= 108.569406 dB(A)
SEL is the Sound Exposure Limit®. Like L, . itintegrates the total sound energy over a measurement period, but for SEL, the measurement period is normalized to a duration of 1 second. At a microphone distance of 30 m (100 ft), SEL= L, +10*LOG(Tp) + 1

pacaTe
SELat30 m: 109.85 dB(A) SELat7.5m: 115.87 dB(A) SELat 25 m: 110.64 dB(A) using the distance correction factor: L=Ly- 10*L0G(d/d0)
SEL is the cumulative noise exposure (i.e. "dose") for a single noise event normalized over 1 second. The fact that SEL is a cumulative measure means that (1) louder events have higher SELs than quieter ones, and

(2) events that last longer in time have higher SELs than shorter ones.*

[Statistical Parameters

[The following parameters are determined by specifying the indicated percentile of the data values using Excel Function PERCENTILE(range,P).

where" range" is the array of values (e.g. K10:K68) and P = the percentile (between 0 and 1, for example, P for the 90th percentile would be entered as 0.9)

L, is the sound pressure level for which 90% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data.

L= 8200  dB(A)
L, is the sound pressure level for which 50% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. L,= 100.40 dB(A)
L,, is the sound pressure level for which 10% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. Ly = 108.72 dB(A)

[Summary of Pass-by Noise Metrics for Each Microphone Position

The noise metrics shown i the following table correspond to the baseline speed of 400 Km/hr L,=L,, - 10*LOG(d/d0), where L is the equivalent A-weighted constant sound pressure level for the microphone at distance d0, and d is the distance for L.
Microphone a g o " . " s
L Noise Metric: Table Entries are dB(A) Microphone Position Adjustment Factors'
Position
o e Lo Lo Loy JEC SED Lo Ly Ly Speed (km/hr) L LB LB
1 105.9 108.6 106.5 108.6 103.3 106.8 114.0 80.7 98.8 107.0
2 107.6 110.4 108.2 110.4 104.9 108.6 115.9 82.0 100.4 108.7 271 0.931 0.957 0.819
3 98.8 101.6 99.4 101.6 96.1 99.8 110.6 732 91.6 99.9 341 0.964 0.979 0.854
4 98.0 100.8 98.6 100.8 95.4 99.0 109.8 724 90.8 99.1 386 0.984 1.000 0.880

Impact of Train Speed on Noise Levels

Ricardo evaluated several methods for determining the impact of train speed on pass-by noise levels. The approach developed by Gautier, Poisson & Letourneaux® provided the highest level of correlation with measured data is the basis for the calculations presented below.

Las W) - L, (V,) = K log(V/V,) where Kis an empirical factor where Ve train speed (km/hr) If the SPL s known at train speed V., the SPL at train speed V can be determined from this formula
thus, Ly, (V) = Klog(V/V) +L (V) Vo= reference train speed (km/hr)
[The empirical factor K varies with train speed. This is because the contribution of noise sources (e.g. wheel/rail interaction, propulsion components, aerodynamics) vary with train speed.

Ricardo calculated the K factor values for 12 pass-by noise data sets.
[The relationship between the K factor and train speed is provided by the following equation:

K= a*V +b where a= 0.0625 and b= 25.00 50
VO for this train set is: 400 km/hr ?
[The following tables contain the calculated variation with train speed for the various noise parameters described above: é_ 50
=
Microphone Positions 1 Noise Metric: Table Entries are dB(A) E 40
Train 2 o
Speed K Lonears L Lonsman B G TEL SEL Lo Lo Ly 3
(km/hr) >
a 0
80 30.0000 84.9 87.7 85.5 87.7 823 85.9 93.0 59.7 77.8 86.0 g




150 34.3750 913 94.0 91.8 94.0 88.6 92.2 99.4 66.0 84.2 92.3
200 37.5000 94.6 973 95.2 97.3 92.0 95.5 102.7 69.4 87.5 95.7
250 40.6250 97.6 100.3 98.2 100.3 95.0 98.5 105.7 72.4 90.5 98.7
300 43.7500 100.4 103.2 101.0 103.2 97.8 1014 108.6 75.2 933 101.5
350 46.8750 103.2 105.9 103.8 105.9 100.6 104.1 1113 78.0 96.1 1043
[Test Speed— 400 50.0000 105.9 108.6 106.5 108.6 103.3 106.8 114.0 80.7 98.8 107.0
Microphpne Position 2 Noise Metfic: Table Entfies are dB(A)
Train
Speed K Lo By Lonsman - b TEL SEL Lo Lo Ly
(km/hr)
80 30.0000 86.7 89.4 87.2 89.4 84.0 87.6 94.9 61.0 79.4 87.8
150 34.3750 93.0 95.8 93.6 95.8 90.3 93.9 101.2 67.4 85.8 94.1
200 37.5000 96.3 99.1 96.9 99.1 93.7 973 104.6 70.7 89.1 97.4
250 40.6250 99.3 102.1 99.9 102.1 96.7 100.3 107.6 73.7 92.1 100.4
300 43.7500 102.2 104.9 102.7 104.9 99.5 103.1 1104 76.5 94.9 103.3
350 46.8750 104.9 107.7 105.5 107.7 102.2 105.9 1132 79.3 97.7 106.0
[Test Speed— 400 50.0000 107.6 1104 108.2 110.4 104.9 108.6 115.9 82.0 100.4 108.7
MicropHpne Position 3 Noise Metric: Table Entries are dB(A)
Train
Speed K Lnears Gy - L By EES SE Lo Ly Ly
(km/hr)
80 30.0000 77.9 80.6 78.4 80.6 75.2 78.8 89.7 52.2 70.6 78.9
150 34.3750 84.2 87.0 84.8 87.0 815 85.1 96.0 58.6 77.0 85.3
200 37.5000 87.5 90.3 88.1 90.3 849 88.5 99.4 619 80.3 88.6
250 40.6250 90.5 933 91.1 933 87.9 91.5 102.3 64.9 83.3 91.6
300 43.7500 93.4 96.1 93.9 96.1 90.7 943 105.2 67.7 86.1 94.5
350 46.8750 96.1 98.9 96.7 98.9 93.4 97.0 107.9 70.5 88.9 97.2
[Test Speed— 400 50.0000 98.8 101.6 99.4 101.6 96.1 99.8 110.6 732 91.6 99.9
Microphpone Position 4 Noise Metric: Table Entries are dB(A)
Train
Speed K Lsears oy Lonsman L L EED BEC Lo Ly Ly
(km/hr)
80 30.0000 77.1 79.8 77.6 79.8 74.4 78.0 88.9 514 69.8 78.2
150 34.3750 83.4 86.2 84.0 86.2 80.7 843 95.2 57.8 76.2 84.5
200 37.5000 86.7 89.5 873 89.5 84.1 87.7 98.6 61.1 79.5 87.8
250 40.6250 89.7 92.5 90.3 92.5 87.1 90.7 101.6 64.1 825 90.8
300 43.7500 92.6 95.3 93.1 95.3 89.9 93.5 104.4 66.9 85.3 93.7
350 46.8750 95.3 98.1 95.9 98.1 92.6 96.3 107.1 69.7 88.1 96.4
Test Speed— 400 50.0000 98.0 100.8 98.6 100.8 95.4 99.0 109.8 724 90.8 99.1

[The European Technical Standards for Interoperability (TSI) include two normalized values for L The values are normalized to 80 km/hr and 250 km/hr.®

pAEQT"
[The measurements are made at a lateral distance of 7.5 m from the rail centerline and 1.2 m above the top of the rail.

Procedures defined within the TSI to allow noise levels to be calculated at various train speeds based on measurements made at 80 km/hr (50 miles/h) and 250 km/hr (155 miles/h).
For the HEMU, no measurements were made at 80 km/hr and 250 km/hr: Thus, the Gautier method was used to calculate these values

can be found and are idenfied below:

From the Microphone Position 1 & 2 Table Above, the normalized values forL

K Facto

Train Speed (km/hr)

The empirical factor, K, varies with train speed: it is on the order of 30 in speed

range to 300 kph and up to 50 for very high speed trains, for which aerodynamic
noise sources are dominant.
K = 0.0625(Train Speed, km/hr) +25

Measurement Uncertainty is +3 dB

| Values Obtained from Data Analysis | Value from TSI Formula TSI Formulas |
LWH‘M!DWM = 84.9 dB(A) 84.9 dB(A) LW“”(SD km/h) = Lorea w(v(esl) -30 * log (vtest/80 km/h)
s T 250 ) = 97.6 dB(A) 95.7 dB(A) Lporo(250km/h) =L (vtest) - 50 * log (vtest/250 km/h)

Measurement Uncertainty is +3 dB
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Data Set Number: 2
Data Set Name: Thalys PBKA

Thalys PBKA2

Data Point I
Nl Passby Data'****' ! Pressure Event
(Pa)
Time (sec) dB(A)

1 0.00 75.3 0.11642

2 0.05 76.0 0.12619

3 0.10 76.0 0.12619

4 0.15 77.2 0.14489

5 0.20 77.6 0.15172

6 0.25 79.3 0.18451

7 0.30 80.5 0.21185

8 0.35 81.7 0.24324

9 0.40 82.5 0.26670

10 0.45 85.0 0.35566

11 0.50 86.2 0.40835 |*—

12 0.55 88.0 0.50238 10 dB(A) lower than SPL when
13 0.60 83.9 062522 Train Nose Passes Microphone
14 0.65 91.9 0.78710

15 0.70 94.4 1.04961

16 0.75 96.5 1.33669 Train Nose Passes Microphone
17 0.80 98.0 1.58866

18 0.85 100.4 2.09426

19 0.90 100.3 2.07028

20 0.95 99.1 1.80314

21 1.00 100.0 2.00000

22 1.05 99.1 1.80314




23 1.10 98.8 1.74193
24 1.15 97.7 1.53472
25 1.20 96.9 1.39968
26 1.25 98.7 1.72199
27 1.30 100.8 2.19296
28 1.35 100.0 2.00000
29 1.40 98.0 1.58866
30 1.45 97.4 1.48262
31 1.50 97.9 1.57047
32 1.55 98.3 1.64449
33 1.60 98.2 1.62566
34 1.65 96.3 1.30626
35 1.70 97.1 1.43229
36 1.75 98.0 1.58866
37 1.80 99.0 1.78250
38 1.85 97.5 1.49979
39 1.90 99.1 1.80314
40 1.95 101.3 2.32290
41 2.00 101.9 2.48903
42 2.05 101.0 2.24404
43 2.10 99.0 1.78250
44 2.15 100.0 2.00000
45 2.20 101.6 2.40453
46 2.25 102.0 2.51785
47 2.30 100.5 2.11851
48 2.35 98.6 1.70228
49 2.40 100.0 2.00000
50 2.45 100.0 2.00000
51 2.50 99.6 1.90999
52 2.55 98.0 1.58866
53 2.60 97.3 1.46565
54 2.65 100.0 2.00000
55 2.70 99.8 1.95447
56 2.75 98.0 1.58866
57 2.80 97.3 1.46565
58 2.85 98.4 1.66353
59 2.90 100.1 2.02316
60 2.95 101.6 2.40453
61 3.00 100.5 2.11851
62 3.05 99.0 1.78250
63 3.10 98.0 1.58866
64 3.15 96.9 1.39968
65 3.20 97.0 1.41589
66 3.25 95.0 1.12468
67 3.30 92.1 0.80543
68 3.35 90.8 0.69347

Start Time for LpASmax Calculat

Maximum Sound Pressure Leve

End Time for LpASmax Calculati

Train Tail Passes Microphone

AN~ RIAN L sl el



69 3.40 89.4 0.59024
70 3.45 88.0 0.50238
71 3.50 87.0 0.44774
72 3.55 85.9 0.39448
73 3.60 85.0 0.35566
74 3.65 825 0.26670
75 3.70 81.7 0.24324
76 3.75 80.5 0.21185
77 3.80 79.2 0.18240
78 3.85 79.1 0.18031
79 3.90 76.9 0.13997
80 3.95 75.9 0.12475
81 4.00 75.3 0.11642
82 4.05 74.3 0.10376
83 4.10 73.1 0.09037
84 4.15 74.2 0.10257
85 4.20 72.0 0.07962

LU OB|A) IOWer Tnan SPL wnen
Train Tail Passes Microphone
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Comparison Of Noise for TRAin STandards

Train Set Information

Year Data Set was Generated: 2010 !Dittrich, M.G., el
Train Set Manufacturer: GEC-Alsthom Thalys treinen op
Operator: Thalys trains on HSL Rhe
Train Set Geometry and Test Conditions Natuurwetenschap
Parameter | Value Units *Thalys PBKA image
Car Lengths Version 1.2 or any |
End Cars: | 22.15 m https://commons.v
Intermediate Cars: two at 21.845 m and six at 18.7 m
Number of End Cars: 2
Number of Intermediate Cars: 8
Test Train Length: 200.19 m
Test Train Speed(s): 296 km/hr
Microphone Position: 1 dB (sound press
Distance from Track Centerline: 7.5 m where 0.0002 is
Elevation above Top of Rail: 1.2 m so, Pa = 0.0000:
Time Increment for Passby Data, AT:Timd 0.05 sec
Number of Passby Data Points: 85

Plot of Passby Noise Data, Including Key Time Parameters
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Formulas

sure level in decibels) = 20 Iogw(Pa/0.0000Z) dB (sound pressure level in decibels) 4

i the reference sound pressure level in Pascals
1*1 O(dB/ZO)so, Pa = 0.00002*10(dB/20)s0, Pa = 0.00002*10(dB/20)s0, Pa = 0.00002*10(dB/20)s0, Pa = 0.00002*10(dB/20)so, Pa = 0.00002
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Comparison Of Noise for TRAin STandards Program Version: 7 14-Oct-19

Data Set Number: 2 Pass-By Noise Calculations References
Data Set Name: Thalys PBKA
Calculate Train Pass-by Parameters 'He, et al., Investigation into External Noise of a High-Speed Train at Different Speeds, J Zhejiang Univ-Sci A (Appl Phys & Eng) 2014, 15(12):1019-1033
[Train Speed (V): 296 km/hr = 82.22 m/sec ’Paul, et al, High Speed Rail Noise Standards and Regulations, US DOT Federal Railroad Administration, Contract DTFR35-16-C00006, May 2017.
[Train Length: 200.19 m 10 cars: 2 end cars and 8 intermediate cars ’G. Xiaoan and J. Hua, "Application Research on Descending Vibration and Reducing Noise in Accelerating Speed Trains and Express Trains," Chinese
Time for Pass-By (T ) 2.434743243 seconds This is the time increment between nose of train passing Academy of Railway Sciences (CARS) Research Report, Beijing Shi, China, 2003.
microphone and tail of train passing microphone. [‘Hanson, C.E., et. al., High Speed Ground Transportation Noise and Vibration Impact Assessment, U.S. Department of Transportation, Federal Railroad
Time for TEL(T, ) 2.80 seconds  TEL is the Transit Exposure Limit and represents the equivalent [Administration, Report Number DOT/FRA/ORD-12/15, September 2012.
A-weighted SPL over the time period beginning when the *Gautier, P.E., Poisson, F., and Letourneaus, F., High Speed Trains External Noise: A Review of Measurements and Source Models for TGV Case Up to
instantaneous meter reading is 10 dB(A) lessthan L and 360 km/hr, in Proceedings of the 8th World Congress on Railway Research (2008).
continuing through the pass-by event until the meter reading is °European Union, "Commission Regulation Number 1304/2014, on the technical specification for interoperability relating to the subsystem ‘rolling
again 10 dB(A) lessthan L, . Istock — noise’ amending Decision 2008/232/EC and repealing Decision 2011/229/EU," Official Journal of the European Union, Brussels, Belgium, 2014,
Calculate L
pheqTp
Laneq1o 1 the A-weighted equivalent continuous sound pressure level produced Microphone Position is 7.5 m from track centerline and 1.5 m above top of rail (Microphone Position 1).
by the train as measured during the pass-by event
where
T, 2 TD is the pass-by time interval = time when trail tail passes microphone minus time when train nose passes microphone =T,-T,
1 pal(r) T
LpAeq Tp =10 Ig ﬁ —2dl dB 1 is the time when the train nose passes the microphone
24 Ty Po TZ is the time when the train tail passes the microphone
PA“] is the A-weighted instantaneous sound pressure in Pa at time t
L 1eqrp €3N De calculated from the pass-by data using the following relationship: P, is the reference sound pressure: p,=20uPa = 0.00002 Pa
7;2 2 P i= 5 At‘ is the time increment between measured data points = 0.05 seconds
D i .
I PA ( ) d = z Pal(i) P, is the A-weighted instantaneous sound pressure in Pa at pass-by time increment i
J 1)2 Do? An analysis conducted during the current study indicated the integral can be determined numerically, with acceptable accuracy, by employing a midpoint Reimann sum scheme with a mimimum
11 Y = Ati = 0.05 seconds, and the corresponding Pa(i) analog meter values. This approach is described in: Hughes-Hallett, Deborah; McCullum, William G.; et al. (2005). Calculus (4th ed.), Wiley. p. 252.
Data Point SPL Pascals Data Point SPL Data Point SPL Pascals Data Point SPL Pascals
5 P (i)/p 7 (i)/p ] 5 i1/p 2 (i) 5 P ()2/p 2 (i)/p 3 . P (i12/p 2 (i)/p 3
Number | Time (sec) [ SPL dB(A) ) (/e (i /p; Number | Time (sec) | SPL dB(A) Pa“s:;a;ls /e, (i) /p, Number | Time (sec) [ SPL dB(A) a) /o, (iV/p, Number |Fime (sec)f SPL dB(A) ) (/o (/P
1 0.00 75.30 0.116421 3.38844E+07 23 1.10 98.80 1.741927 | 7.58578E+09 45 2.20 101.60 2.404529 1.44544E+10 67 3.30 92.10 0.805434 1.62181E+09
2 0.05 76.00 0.126191 3.98107E+07 24 1.15 97.70 1.534723 | 5.88844E+09 46 2.25 102.00 2.517851 1.58489E+10 68 3.35 90.80 0.693474 1.20226E+09
3 0.10 76.00 0.126191 3.98107E+07 25 1.20 96.90 1.399684 | 4.89779E+09 47 2.30 100.50 2.118507 1.12202E+10 69 3.40 89.40 0.590242 8.70964E+08
4 0.15 77.20 0.144887 5.24807E+07 26 1.25 98.70 1.721988 | 7.41310E+09 48 2.35 98.60 1.702276 7.24436E+09 70 3.45 88.00 0.502377 6.30957E+08
5 0.20 77.60 0.151716 5.75440E+07 27 1.30 100.80 2.192956 | 1.20226E+10 49 2.40 100.00 2.000000 1.00000E+10 71 3.50 87.00 0.447744 5.01187E+08
6 0.25 79.30 0.184514 8.51138E+07 28 1.35 100.00 2.000000 | 1.00000E+10 50 2.45 100.00 2.000000 1.00000E+10 72 3.55 85.90 0.394485 3.89045E+08
7 0.30 80.50 0.211851 1.12202E+08 29 1.40 98.00 1.588656 | 6.30957E+09 51 2.50 99.60 1.909985 9.12011E+09 73 3.60 85.00 0.355656 3.16228E+08
8 0.35 81.70 0.243237 1.47911E+08 30 1.45 97.40 1.482620 | 5.49541E+09 52 2.55 98.00 1.588656 6.30957E+09 74 3.65 82.50 0.266704 1.77828E+08
9 0.40 82.50 0.266704 1.77828E+08 31 1.50 97.90 1.570471] 6.16595E+09 53 2.60 97.30 1.465649 5.37032E+09 75 3.70 81.70 0.243237 1.47911E+08
10 0.45 85.00 0.355656 3.16228E+08 32 1.55 98.30 1.644485 | 6.76083E+09 54 2.65 100.00 2.000000 1.00000E+10 76 3.75 80.50 0.211851 1.12202E+08
11 0.50 86.20 0.408348 4.16869E+08 33 1.60 98.20 1.625661 | 6.60693E+09 55 2.70 99.80 1.954474 9.54993E+09 77 3.80 79.20 0.182402 8.31764E+07
12 0.55 88.00 0.502377 6.30957E+08 34 1.65 96.30 1.306261 | 4.26580E+09 56 2.75 98.00 1.588656 6.30957E+09 78 3.85 79.10 0.180314 8.12831E+07
13 0.60 89.90 0.625216 9.77237E+08 35 1.70 97.10 1.432287 | 5.12861E+09 57 2.80 97.30 1.465649 5.37032E+09 79 3.90 76.90 0.139968 4.89779E+07
14 0.65 91.90 0.787100 1.54882E+09 36 1.75 98.00 1.588656 | 6.30957E+09 58 2.85 98.40 1.663528 6.91831E+09 80 3.95 75.90 0.124747 3.89045E+07
15 0.70 94.40 1.049615 2.75423E+09 37 1.80 99.00 1.782502 | 7.94328E+09 59 2.90 100.10 2.023159 1.02329E+10 81 4.00 75.30 0.116421 3.38844E+07
16 0.75 96.50 1.336688 4.46684E+09 38 1.85 97.50 1.499788 | 5.62341E+09 60 2.95 101.60 2.404529 1.44544E+10 82 4.05 74.30 0.103760 2.69153E+07
17 0.80 98.00 1.588656 6.30957E+09 39 1.90 99.10 1.803142 | 8.12831E+09 61 3.00 100.50 2.118507 1.12202E+10 83 4.10 73.10 0.090371 2.04174E+07
18 0.85 100.40 2.094257 1.09648E+10 40 1.95 101.30 2.322897 | 1.34896E+10 62 3.05 99.00 1.782502 7.94328E+09 84 4.15 74.20 0.102572 2.63027E+07
19 0.90 100.30 2.070284 1.07152E+10 41 2.00 101.90 2.489029 | 1.54882E+10 63 3.10 98.00 1.588656 6.30957E+09 85 4.20 72.00 0.079621 1.58489E+07
20 0.95 99.10 1.803142 8.12831E+09 42 2.05 101.00 2.244037 | 1.25893E+10 64 3.15 96.90 1.399684 4.89779E+09
21 1.00 100.00 2.000000 1.00000E+10 43 2.10 99.00 1.782502 | 7.94328E+09 65 3.20 97.00 1.415892 5.01187E+09
22 1.05 99.10 1.803142 8.12831E+09 44 2.15 100.00 2.000000 | 1.00000E+10 66 3.25 95.00 1.124683 3.16228E+09
Data Point Number for Start of Pass-by Event (time at which train nose passes microphone): 16 i=1 i=n Pali)?
al
Data Point Number for End of Pass-by Event (time at which train tail passes microphone): 64 i-n  thus, Z (—'] At = 2.08771E+10
Dot
=1 ?
f o 2 y
- 1 ra ! -
nars = 10 Ig ‘ —_— “‘7;) dr Lo = 99.33 dB(A)
2-1 7, Po

Impact of Microphone Position

References:



Microphone CEETENIED Elevation Above|
_p, Track Centerline _ Apples to Regulatiofs in these Hegions® Comment L. Lu, X. Hu, Y. Zhang and X. Zhou, "Survey and Analysis of the Beijing-Shanghai High Speed Rail
Position (m) Top of Rail (m)
us EU China Japan Noise," in The 21st International Congress on Sound and Vibration, Beijing, China, 2014.
1 7.5 1.2 X (TSI 2014) TSI 1304 8G. Xiaoan and J. Hua, "Application Research on Descending Vibration and Reducing Noise in
2 7.5 3.5 X (TSI 2014) Also required for|speeds > 250 km/hr Accelerating Speed Trains and Express Trains," Chinese Academy of Railway Sciences (CARS)
3 25 3.5 X (TSI 2008) X Reference for prq 2014 train sefs Research Report, Beijing Shi, China, 2003
4 30 1.2 X X US and China mepsurement lodation “W. Elliott, "Request for Information Reference FOI13-580, Comparison of Measured Sound

Impact of microphone distance is determined from the following equation:* Ld = Le0

for the microphone at distance d0, and d is the distance for Ld.

10¥L0G(d/d0), where L is the equivalent A-weighted constant sound pressure level Levels for High Speed Trains as a Functionof Distance from Track," High Speed Rail Two (HS2),

London, England, 2013.

Microphone Distance oy Elevation Above|
P Track Centerline . L seqrp 3t 296 km/h dB(A) L seqrp 3t 296 km/h (Pa) ISound Pressure Variations fgr Microphone Positions &
Position (m) Top of Rail (m) | PA«™ [ad
To convert dB(A) to Pascals: Pa = 0.00002*(10*(dBA/20)) Train Speed from Reference 5
1 7.5 1.2 99.33 1.852 To convert Pa to dB(A), dB(A) = 20*LOG10(Pa/0.00002) Speed (km/hr) Lo, 9B(A)
2 7.5 3.5 102.10 2.548 Note: The simple sound level correction formula M1 M2 M3
3 25 3.5 87.40 0.469 underestimates the measured values. Therefore, 271 93.2 95.8 82.0
4 30 12 86.60 0.428 ratios based on actual measurements were used to 341 96.5 98.0 85.5
adjust for microphone location (table at right). 386 98.5 100.1 88.1
Calculated Noise Metrics: Maximum Recorded Sound Pressure Levels
[The following calculations are for Microphone Position 1 L,(mmmm, = maximum recorded pass-by sound pressure level
L 102.0 dB(A)  which occurs at data point 46 at pass-by time 2.25 seconds
LpAszx is the maximum sound pressure level, slow and A-weighted and LWMEK =maximum sound pressure level, fast and A-weighted. The time period for the "slow" reading is 1 second. The time period for the "fast" reading is 0.125 seconds.
L ssmex €3N be calculated as the logarithmic average of the recorded SPLs for the 1 second time interval containing the highest values The logarithmic average for an Excel array is: {=10*LOG(AVERAGE(10*(ARRAY/10)))} array-entered, i.e. using CTRL-Shift-Enter keys

where array is of the form A10:A15. In the current case, the array is Pass-By Data Set 1, C:48:C68

Highest 1-second interval occurs from start time 15 to end time 25 Thus, L .= 97.90 dB(A)
Similarly, \.pAFMM can be calculated as the logarithmic average of the recorded SPLs for the 0.125 second time interval containing the highest values
Highest 0.125-second interval occures from start time 2.15 to end time 2.275 Thus, '-,,.,.,.,x = 100.00 dB(A)

Calculated Noise Metrics: Other Standard Parameters
[The following calculations are for Microphone Position 1
LnAuu,pass by
[The calculation includes all of the pass-by data points.

Data Point Number for Start of Pass-by Event (time pass-by SPLs begin being recorded):

[Statistical Parameters
The following parameters are determined by specifying the indicated percentile of the data values u:

is the A-weighted equivalent continuous sound pressure level produced during the entire pass-by event, including approach, T , and departure (used for L, L, etc.)

1 i=1 i=n

Pa(i)?
Data Point Number for End of Pass-by Event (time pass-by SPLs end being recorded): 85 i-n  thus, Z [—ZJ At = 2.19727E+10 T,-T= 4.20 seconds
P
i=1 ’
o2 "
- ralr) -
Locqpasny = 1019 5—dr Loncapassy = 97.19 dB(A)
7, Pé
TEL s the Transit Exposure Limit* Itis measured over the time interval starting when the SPL is 10 dB(A) lower than L ,____and ending when the SPL again reaches a value that is 10 dB(A) lower than L _
TEL is calculated using the following formula: TEL=L, ., * 107LOG(T, /T) TEL= 99.9392281 dB(A)
SEL is the Sound Exposure Limit". LikeL,, ., it integrates the total sound energy over a measurement period, but for SEL, the measurement period is normalized to a duration of 1 second. At amicrophone distance of 30 m (100 ft), SEL= L +10*LOG(Tp)+1
SELat30 m: 10420  dB(A) SELat7.5m: 11022 dB(A) SELat 25 m: 104.99 dB(A) using the distance correction factor: L,=L,, - 107LOG(d/d0)

SEL s the cumulative noise exposure (i.e. "dose") for a single noise event normalized over 1 second. The fact that SEL is a cumulative measure means that (1) louder events have higher SELs than quieter ones, and
(2) events that last longer in time have higher SELs than shorter ones.*

sing Excel Function PERCENTILE(range,P).

where" range" is the array of values (e.g. K10:K68) and P = the percentile (between 0 and 1, for example, P for the 90th percentile would be entered as 0.9)

L,, is the sound pressure level for which 90% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. L,= 76.36 dB(A)
L,, is the sound pressure level for which 50% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. L,= 97.30 dB(A)
L,, is the sound pressure level for which 10% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. L,= 10046  dB(A)
[Summary of Pass-by Noise Metrics for Each Microphone Position
[The noise metrics shown in the following table correspond to the baseline speed of 296 km/hr L, =L, - 10*LOG(d/d0), where L _is the equivalent A-weighted constant sound pressure level for the microphone at distance d0, and d is the distance for L .
Mlcro-p.hone Noise Metric: Table Entries are dB(A) Microphone Position Adjustment Factors®
Position
Ltare Loty Lyssmae osrmax | Loncapusewy | TEL SEL Ly L L Speed (km/hr) M1 m2 m3
1 99.3 102.0 97.9 100.0 97.2 99.9 110.2 76.4 97.3 100.5
2 102.1 104.8 100.6 102.8 99.9 102.7 113.3 78.5 100.0 103.3 271 1.000 1.028 0.880
3 87.4 89.7 86.1 88.0 85.5 87.9 97.0 67.2 85.6 88.4 341 1.035 1.052 0.917
4 86.6 89.0 85.3 87.2 84.7 87.1 96.2 66.4 84.8 87.6 386 1.057 1.074 0.945

Impact of Train Speed on Noise Levels

Ricardo evaluated several methods for determining the impact of train speed on passby noise levels. The approach developed by Gautier, Poisson & Letourneaux® provided the highest level of correlation with measured data is the basis for the calculations presented below.




Lo MW=L (V) =Klog(V/V ) whereKis an empirical factor where V= train speed (km/hr) If the SPLis known at train speed V., the SPL at train speed V can be determined from this formula

Aeatp ‘Aeatp =
thus, Ly, (V) = Klog(V/V ) +L (V) V= reference train speed (km/hr)
[The empirical factor K varies with train speed. This is because the contribution of noise sources (e.g. wheel/rail interaction, propulsion components, aerodynamics) vary with train speed. Ricardo calculated the K factor values for 12 pass-by noise data sets.
[The relationship between the K factor and train speed is provided by the following equation:
K= a*V+bwhere a= 0.0625 and b= 25.00
A for this train set is: 296 km/hr

The following tables contain the calculated variation with train speed for the various noise parameters described above:

Microphond Position 1 Nois§ Metric: Table Entries are dB(A) E 60
Tanspeed| L] b | b | b | e | TR | s L, L, L, fo
80 30.0000 82.3 85.0 80.9 83.0 80.1 82.9 93.2 59.3 80.3 83.4 40
150 34.3750 89.2 91.9 87.8 89.9 87.0 89.8 100.1 66.2 87.2 90.3 g /
200 37.5000 92.9 95.6 91.5 93.6 90.8 93.6 103.8 70.0 90.9 94.1 ﬁ 30
250 40.6250 96.4 99.0 94.9 97.0 94.2 97.0 107.2 73.4 94.3 97.5
300 43.7500 99.6 102.3 98.2 100.3 97.4 100.2 110.5 76.6 97.6 100.7 E 20
350 46.8750 102.7 105.4 101.3 103.4 100.6 103.4 113.6 79.8 100.7 103.9
Test Speed— 296 43.5000 99.3 102.0 97.9 100.0 97.2 99.9 110.2 76.4 97.3 100.5 E 10
] Microphond Position 2 Noisk Metric: Table Entries are dB(A) 0 o 1cl>o zzljo 3(')0 M']o 5")0
:&;:;e ¢ K Loneare L [ - Goropry TEL SEL L, L, [ Train Speed (km/hr)
80 30.0000 85.1 87.8 83.6 85.7 82.9 85.7 96.2 61.4 83.0 86.2
150 34.3750 92.0 94.7 90.5 92.6 89.8 92.6 103.1 68.3 89.9 93.1
200 37.5000 95.7 98.5 94.2 96.4 93.5 96.3 106.9 72.1 93.6 96.9 The empirical factor, K, varies with train speed: it is on the order of 30 in speed
250 40.6250 99.1 101.9 97.7 99.8 96.9 99.7 110.3 755 97.0 100.3 range to 300 kph and up to 50 for very high speed trains, for which aerodynamic
300 43.7500 102.4 105.1 100.9 103.0 100.2 103.0 113.5 78.7 100.3 103.5 noise sources are dominant.
350 46.8750 105.5 108.3 104.0 106.2 103.3 106.1 116.7 81.9 103.4 106.7 K = 0.0625(Train Speed, km/hr) + 25
Test Speed— 296 43.5000 102.1 104.8 100.6 102.8 99.9 102.7 1133 78.5 100.0 103.3
Microphond Position 3 Nojse Metric: Table Entries are dB(A)
80 30.0000 70.3 72.7 69.1 70.9 68.5 70.9 79.9 50.1 68.6 713
150 34.3750 77.2 79.6 76.0 77.8 75.4 77.8 86.8 57.0 75.5 78.2
200 37.5000 81.0 83.4 79.8 81.6 79.1 81.5 90.6 60.8 79.2 82.0
250 40.6250 84.4 86.8 83.2 85.0 82.5 84.9 94.0 64.2 82.6 85.4
300 43.7500 87.7 90.0 86.4 88.2 85.8 88.2 97.2 67.4 85.9 88.6
350 46.8750 90.8 93.2 89.5 91.4 88.9 91.3 100.4 70.6 89.0 91.8
Test Speed— 296 43.5000 87.4 89.7 86.1 88.0 85.5 87.9 97.0 67.2 85.6 88.4
Microphond Position 4 Nogse Metric: Table Entries are dB(A)
manspeed | L T e ] b | e | b | T | s L L L
80 30.0000 69.6 719 68.3 70.1 67.7 70.1 79.1 49.3 67.8 70.5
150 34.3750 76.5 78.8 75.2 77.0 74.6 77.0 86.0 56.2 74.7 77.4
200 37.5000 80.2 82.6 79.0 80.8 78.3 80.8 89.8 60.0 78.4 81.2
250 40.6250 83.6 86.0 82.4 84.2 81.7 84.2 93.2 63.4 81.8 84.6
300 43.7500 86.9 89.2 85.6 87.4 85.0 87.4 96.4 66.6 85.1 87.9
350 46.8750 90.0 92.4 38.8 90.6 88.1 90.5 99.6 69.8 88.2 91.0
Test Speed— 296 43.5000 86.6 89.0 85.3 87.2 84.7 87.1 96.2 66.4 84.8 87.6

The European Technical Standards for Interoperability (TSI) include two normalized values for L The values are normalized to 80 km/hr and 250 km/hr.®

PAEGTD
IThe measurements are made at a lateral distance of 7.5 m from the rail centerline and 1.2 m above the top of the rail.

Procedures defined within the TSI to allow noise levels to be calculated at various train speeds based on measurements made at 80 km/hr (50 miles/h) and 250 km/hr (155 miles/h).
For the Thalys PBKA, no measurements were made at 80 km/hr and 250 km/hr: Thus, the Gautier method was used to calculate these values

From the Microphone Position 1 Table Above, the normalized values for wa can be found and are idenfied below:
[ Values Obtained from Data Analysis | Value from TSI Formula | TSI Formulas
L — 823 dB(A) 823 GB(A)  LopurB0 km/R) =L (vtest) - 30 * log (vtest/80 km/h)
Loncats asormmn = 96.4 dB(A) 95.7 GBA)  Lpear2SOKM/) =L, (vtest) - 5O * log (vtest/250 km/h)
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Data Point I
Nl Passby Data'****' ! Pressure Event
(Pa)
Time (sec) dB(A)
1 1.00 80.1 0.20232
2 1.05 82.0 0.25179
3 1.10 839 | 031335 |
4 1.15 85.0 0.35566 10 dB(A) lower than SPL
5 1.20 88.0 0.50238 when Train Nose Passes
6 1.25 90.5 0.66993 |+— Microphone
7 1.30 93.0 0.89337
8 1.35 95.0 1.12468 Train Nose Passes Microphone
9 1.40 94.9 1.11181
10 1.45 95.3 1.16421
11 1.50 95.3 1.16421
12 1.55 95.3 1.16421
13 1.60 96.0 1.26191
14 1.65 96.1 1.27653
15 1.70 96.0 1.26191
16 1.75 95.5 1.19132
17 1.80 95.1 1.13771
18 1.85 95.0 1.12468 [¢—
19 1.90 96.2 1.29131 |*—
20 1.95 96.7 1.36782 Start Time for LpASmax Calculati
21 2.00 97.2 1.44887 Maximum Sound Pressure Leve
22 2.05 97.0 1.41589




23 2.10 96.6 1.35217
24 2.15 95.7 1.21907
25 2.20 96.0 1.26191
26 2.25 96.8 1.38366
27 2.30 97.0 1.41589
28 2.35 96.8 1.38366
29 2.40 96.1 1.27653
30 2.45 95.5 1.19132
31 2.50 95.4 1.17769
32 2.55 96.2 1.29131
33 2.60 96.9 1.39968
34 2.65 97.0 1.41589
35 2.70 96.6 1.35217
36 2.75 95.9 1.24747
37 2.80 96.0 1.26191
38 2.85 96.2 1.29131
39 2.90 96.1 1.27653
40 2.95 96.4 1.32139
41 3.00 96.5 1.33669
42 3.05 96.9 1.39968
43 3.10 95.2 1.15088
44 3.15 95.2 1.15088
45 3.20 95.3 1.16421
46 3.25 96.1 1.27653
47 3.30 96.5 1.33669
48 3.35 96.5 1.33669
49 3.40 95.8 1.23319
50 3.45 95.0 1.12468
51 3.50 95.0 1.12468
52 3.55 95.2 1.15088
53 3.60 95.6 1.20512
54 3.65 95.8 1.23319
55 3.70 95.6 1.20512
56 3.75 94.8 1.09908
57 3.80 94.8 1.09908
58 3.85 94.7 1.08650
59 3.90 95.9 1.24747
60 3.95 95.5 1.19132
61 4.00 94.6 1.07406
62 4.05 93.2 0.91418
63 4.10 91.5 0.75167
64 4.15 89.8 0.61806
65 4.20 88.0 0.50238
66 4.25 86.0 0.39905
67 4.30 84.9 0.35158
68 4.35 83.1 0.28578

End Time for LpASmax Calculat

Train Tail Passes Microphone

10 dB(A) lower than SPL when
Train Tail Passes Microphone



69 4.40 82.0 0.25179
70 4.45 80.5 0.21185
71 4.50 80.0 0.20000
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CONTRAST Comparison Of Noise for TRAin STandards
Train Set Information
Year Data Set was Generated: 2014 'He, B., et. al., In\
Train Set Manufacturer: Changchun Railway Vehicles, Siemens ). Zhejang Univ-Si
Operator: China Railway Cgrporation ’China CRH3 Series
Train Set Geometry and Test Conditions https://www.railw
Parameter | Value | Units
Car Lengths
End Cars: 25.641 m
Intermediate Cars: 24.786 m
Number of End Cars: 2
Number of Intermediate Cars: 6
Test Train Length: 200 m
Test Train Speed(s): 271 km/hr
Microphone Position: 2 dB (sound press
Distance from Track Centerline: 7.5 m where 0.0002 is
Elevation above Top of Rail: 35 m so, Pa = 0.0000:
Time Increment for Passby Data, AT:Time In 0.05 sec
Number of Passby Data Points: 71
Plot of Passby Noise Data, Including Key Time Parameters
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sure level in decibels) = 20 Iogw(Pa/0.0000Z) dB (sound pressure level in decibels) 5

i the reference sound pressure level in Pascals
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Passby Noise Calculations

References

Calculate Train Pass-by Parameters

He, et al., Investigation into External Noise of a High-Speed Train at Different Speeds, J Zhejiang Univ-Sci A (Appl Phys & Eng) 2014, 15(12):1019-1033

[Train Speed (V): 271 km/hr = 75.28 m/sec *Paul, et al, High Speed Rail Noise Standards and Regulations, US DOT Federal Railroad Administration, Contract DTFR35-16-C00006, May 2017.
Train Length: 200 m 10 cars: 2 end cars and 8 intermediate cars ’G. Xiaoan and J. Hua, "Application Research on Descending Vibration and Reducing Noise in Accelerating Speed Trains and Express Trains," Chinese
[Time for Passby (T ) 2.656826568 seconds  This is the time increment between nose of train passing Academy of Railway Sciences (CARS) Research Report, Beijing Shi, China, 2003.
microphone and tail of train passing microphone. ‘Hanson, C.E., et. al., High Speed Ground Transportation Noise and Vibration Impact Assessment, U.S. Department of Transportation, Federal Railroad
[Time for TEL(T ) 3.05 seconds TELis the Transit Exposure Limit and represents the equivalent [Administration, Report Number DOT/FRA/ORD-12/15, September 2012.
A-weighted SPL over the time period beginning when the *Gautier, P.E., Poisson, F., and Letourneaux, F., High Speed Trains External Noise: A Review of Measurements and Source Models for TGV Case Up to
instantaneous meter reading is 10 dB(A) lessthan L~ "and 360 km/hr, in Proceedings of the 8th World Congress on Railway Research (2008).
continuing through the pass-by event until the meter reading is °European Union, "Commission Regulation Number 1304/2014, on the technical specification for interoperability relating to the subsystem ‘rolling
again 10 dB(A) lessthanL stock — noise’ Decision 2008/232/EC and repealing Decision 2011/229/EU," Official Journal of the European Union, Brussels, Belgium, 2014.
Calculate Lmﬂv
L is the A-weighted equivalent continuous sound pressure level produced Microphone Position is 7.5 m from track centerline and 3.5 m above top of rail (Microphone Position 2).

pAca TP
by the train as measured during the passby event

where
TD is the passby time interval = time when trail tail passes microphone minus time when train nose passes microphone =T,-T,
LpAeq b = dB T is the time when the train nose passes the microphone
T is the time when the train tail passes the microphone
PA(t) is the A-weighted instantaneous sound pressure in Pa at time t
wa can be calculated from the passby data using the following relationship: P, is the reference sound pressure: p, = 20uPa = 0.00002 Pa
2 2 p i= o At is the time increment between measured data points = 0.05 seconds
2) i y
J‘ PA ( ) d = Z —Pa(l) Atl PI\(I) is the A-weighted instantaneous sound pressure in Pa at pass-by time increment i
P 2 Paz An analysis conducted during the current study indicated the integral can be determined numerically, with acceptable accuracy, by employing a midpoint Reimann sum scheme with a mimimum
7 0 = Ati = 0.05 seconds, and the corresponding Pa(i) analog meter values. This approach is described in: Hughes-Hallett, Deborah; McCullum, William G.; et al. (2005). Calculus (4th ed.), Wiley. p. 252.
Data Point SPL Pascals n2g0 2 Data Point SPL Pascals 202 Data Point SPL Pascals 20 2 Data Point SPL Pascals n2g0 2
i P (i i P (i i P.(i i P (i]
Number | Time (sec) | SPL dB(A) (Pa) (iF/p, Number | Tme (sec) | SPL dB(A) (Pa) (V/p, Number | Time (sec) | SPL dB(A) ) (/P Number | Time (sec) | SPL dB(A) a) (/P
1 1.00 80.10 0.202316 1.02329E+08 19 1.90 96.20 1.291308 | 4.16869E+09 37 2.80 96.00 1.261915 3.98107E+09 55 3.70 95.60 1.205119 3.63078E+09
2 1.05 82.00 0.251785 1.58489E+08 20 1.95 96.70 1.367823 | 4.67735E+09 38 2.85 96.20 1.291308 4.16869E+09 56 3.75 94.80 1.099082 3.01995E+09
3 1.10 83.90 0.313350 2.45471E+08 21 2.00 97.20 1.448872 | 5.24807E+09 39 2.90 96.10 1.276527 4.07380E+09 57 3.80 94.80 1.099082 3.01995E+09
4 1.15 85.00 0.355656 3.16228E+08 22 2.05 97.00 1.415892 5.01187E+09 40 2.95 96.40 1.321387 4.36516E+09 58 3.85 94.70 1.086501 2.95121E+09
5 1.20 88.00 0.502377 6.30957E+08 23 2.10 96.60 1.352166 | 4.57088E+09 41 3.00 96.50 1.336688 4.46684E+09 59 3.90 95.90 1.247470 3.89045E+09
6 1.25 90.50 0.669931 1.12202E+09 24 2.15 95.70 1.219074 | 3.71535E+09 42 3.05 96.90 1.399684 4.89779E+09 60 3.95 95.50 1.191324 3.54813E+09
7 1.30 93.00 0.893367 1.99526E+09 25 2.20 96.00 1.261915 | 3.98107E+09 43 3.10 95.20 1.150880 3.31131E+09 61 4.00 94.60 1.074064 2.88403E+09
8 1.35 95.00 1.124683 3.16228E+09 26 2.25 96.80 1.383662 | 4.78630E+09 44 3.15 95.20 1.150880 3.31131E+09 62 4.05 93.20 0.914176 2.08930E+09
9 1.40 94.90 1.111809 3.09030E+09 27 2.30 97.00 1.415892 | 5.01187E+09 45 3.20 95.30 1.164206 3.38844E+09 63 4.10 91.50 0.751675 1.41254E+09
10 1.45 95.30 1.164206 3.38844E+09 28 2.35 96.80 1.383662 | 4.78630E+09 46 3.25 96.10 1.276527 4.07380E+09 64 4.15 89.80 0.618059 9.54993E+08
11 1.50 95.30 1.164206 3.38844E+09 29 2.40 96.10 1.276527 | 4.07380E+09 47 3.30 96.50 1.336688 4.46684E+09 65 4.20 88.00 0.502377 6.30957E+08
12 1.55 95.30 1.164206 3.38844E+09 30 2.45 95.50 1.191324 | 3.54813E+09 48 3.35 96.50 1.336688 4.46684E+09 66 4.25 86.00 0.399052 3.98107E+08
13 1.60 96.00 1.261915 3.98107E+09 31 2.50 95.40 1.177687 | 3.46737E+09 49 3.40 95.80 1.233190 3.80189E+09 67 4.30 84.90 0.351585 3.09030E+08
14 1.65 96.10 1.276527 4.07380E+09 32 2.55 96.20 1.291308 4.16869E+09 50 3.45 95.00 1.124683 3.16228E+09 68 4.35 83.10 0.285779 2.04174E+08
15 1.70 96.00 1.261915 3.98107E+09 33 2.60 96.90 1.399684 | 4.89779E+09 51 3.50 95.00 1.124683 3.16228E+09 69 4.40 82.00 0.251785 1.58489E+08
16 1.75 95.50 1.191324 3.54813E+09 34 2.65 97.00 1.415892 | 5.01187E+09 52 3.55 95.20 1.150880 3.31131E+09 70 4.45 80.50 0.211851 1.12202E+08
17 1.80 95.10 1.137706 3.23594E+09 35 2.70 96.60 1.352166 | 4.57088E+09 53 3.60 95.60 1.205119 3.63078E+09 71 4.50 80.00 0.200000 1.00000E+08
18 1.85 95.00 1.124683 3.16228E+09 36 2.75 95.90 1.247470 3.89045E+09 54 3.65 95.80 1.233190 3.80189E+09
Data Point Number for Start of Passby Event (time at which train nose passes microphone): 8 i=1 i=n Pa(iy?
Data Point Number for End of Passby Event (time at which train tail passes microphone): 60 i-n thus, z [72] At; = 9.39146E+09
P
i=1 ’
( T 2
- 1 a1 =
™ 101g | —— [ #R() g, bpearo ™ 9548 ds(a)
2 gy Q)
Impact of Microphone Position References:
Microphone Ditenge from Elevation Above|
'Posi‘t’ie" Track c(:;:erline To‘; 0" o (":’) Applfes to Regulations in these Regions? Comment AL Lu, X. Hu, Y. Zhang and X. Zhou, "Survey and Analysis of the Beijing-Shanghai High Speed Rail
us EU China Japan Noise," in The 21st International Congress on Sound and Vibration, Beijing, China, 2014.
1 7.5 12 X (TSI 2014) TSI 1304 ®G. Xiaoan and J. Hua, "Application Research on Descending Vibration and Reducing Noise in
2 7.5 3.5 X (TSI 2014) JAiso required forfspeeds > 250 fmy/hr Accelerating Speed Trains and Express Trains,"” Chinese Academy of Railway Sciences (CARS)




[ 3 | 25 | 3.5 | [ x(rsi2008) | | X [Reference for prd 2014 train sefs | Research Report, Beijing Shi, China, 2003.
[ 4 | 30 | 12 | X | | X | Jus and china mepsurement lochtion | “W. Elliott, "Request for Information Reference FOI13-580, Comparison of Measured Sound
Impact of microphone distance is determined from the following equation:* L=L,- 10*LOG(d/d0), where L,is the equivalent A-weighted constant sound pressure level

Levels for High Speed Trains as a Functionof Distance from Track," High Speed Rail Two (HS2),

for the microphone at distance d0, and d is the distance for Ld. London, England, 2013
Microphone | Pistance from e, oo Abovel
i L . at271km/h dB(A L. at271km/h (Pa fati i it
Position | 772K t(::;:erlme Top of Rail (m) | e /h dB(A) . /h (Pa) Sound Pressure Variations for Microphone Positions and

To convert dB(A) to Pascals: Pa =0.00002*(10"(dBA/20)) Train Speed from Reference 5

1 75 12 93.20 0.914 To convert Pa to dB(A), dB(A) = 20¥*LOG10(Pa/0.00002)  [speed (km/hr) L e, 9B(A)

2 7.5 3.5 95.80 1.233 Note: The simple sound level correction formula M1 M2 M3

3 25 3.5 82.08 0.254 underestimates the measured values. Therefore, 271 93.2 95.8 82.0

4 30 12 81.29 0.232 ratios based on actual measurements were used to 341 96.5 98.0 85.5
adjust for microphone location (table at right). 386 98.5 100.1 88.1

Calculated Noise Metrics: Maximum Recorded Sound Pressure Levels

[The following calculations are for Microphone Position 2 L imasimumy = Maximum recorded passby sound pressure level

L masimur) = 97.2 dB(A)  which occurs at data point 21 at passby time 2.20 seconds

Ln/\Smax is the maximum sound pressure level, slow and A-weighted and Ln/\;mx =maximum sound pressure level, fast and A-weighted. The time period for the "slow" reading is 1 second. The time period for the "fast" reading is 0.125 seconds.

L ey €3N be calculated as the logarithmic average of the recorded SPLs for the 1 second time interval containing the highest values The logarithmic average for an Excel array is: {=10*LOG(AVERAGE(10~(ARRAY/10)))} array-entered, i.e. using CTRL-Shift-Enter keys
where array is of the form A10:A15. In the current case, the array is Passby Data Set 1, C:48:C68

Highest 1-second interval occurs from start time 1.95 to end time 2.95 Thus, L. = 96.42 dB(A)

Similarly, L can be calculated as the logarithmic average of the recorded SPLs for the 0.125 second time interval containing the highest values

pAFmax

Highest 0.125-second interval occures from start time 1.90 to end time 2.025 Thus, L = 96.79 dB(A)

bAFmax

Calculated Noise Metrics: Other Standard Parameters

[The following calculations are for Microphone Position 2

L pcapmsy 15 the A-weighted equivalent continuous sound pressure level produced during the entire passby event, including approach, T , and departure (used for L,, L, etc.)
[The calculation includes all of the pass-by data points.

Data Point Number for Start of Passby Event (time at which train nose passes microphone): 1 i=1 i=n

pal(i)?
Data Point Number for End of Passby Event (time at which train tail passes microphone): 71 i-n thus, Z [—Z] A = 1.10857E+10 T,-T= 3.50 seconds
P
i=1 °
. o .
- 1 Pal) -
gy~ 1019 | 0 | =S5 Loneapasssy = 95.01 dB(A)
2Ny po
1
ITEL is the Transit Exposure Limit* Itis measured over the time interval starting when the SPLis 10 dB(A) lower than L, and ending when the SPL again reaches a value that is 10 dB(A) lower thanL
TELis calculated using the following formula: TEL=L . +10*LOG(T /T) TEL= 96.08 dB(A)
ISEL is the Sound Exposure Limit*. Like L, . it integrates the total sound energy over a measurement period, but for SEL, the measurement period is normalized to a duration of 1 second. At a microphone distance of 30 m (100 ft), SEL= L, +10*L0G(Tp)+1
SELat30m: 100.73  dB(A) SELat7.5m:  106.75 dB(A) SEL at 25 m: 101.52 dB(A)  using the distance correction factor: L, =L, - 10*LOG(d/d0)

SEL is the cumulative noise exposure (i.e. "dose") for a single noise event normalized over 1 second. The fact that SEL is a cumulative measure means that (1) louder events have higher SELs than quieter ones, and
(2) events that last longer in time have higher SELs than shorter ones.*
|Statistical Parameters
IThe following parameters are determined by specifying the indicated percentile of the data values using Excel Function PERCENTILE(range,P).
where" range" is the array of values (e.g. K10:K68) and P = the percentile (between 0 and 1, for example, P for the 90th percentile would be entered as 0.9)

L,, is the sound pressure level for which 90% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. L,= 84.90 dB(A)
L, is the sound pressure level for which 50% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. L= 95.50 dB(A)
L,, is the sound pressure level for which 10% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. L= 96.80 dB(A)

|Summary of Pass-by Noise Metrics for Each Microphone Position

IThe noise metrics shown in the following table correspond to the baseline speed of 271 km/hr L=L,- 10*LOG(d/d0), where L, is the equivalent A-weighted constant sound pressure level for the microphone at distance d0, and d is the distance for L .
Noise Metric: Table Entries are dB(A) Microphone Position Adji Factors®
Microphone
posttion | st i L Ly | Lonespmr | TEL SEL Ly L, L, Speed (km/hr) M1 w2 w3

1 92.9 94.6 93.8 94.2 92.4 93.5 103.9 82.6 92.9 94.2

2 95.5 97.2 96.4 96.8 95.0 96.1 106.7 84.9 95.5 96.8 271 1.000 1.028 0.880
3 817 83.2 82.5 82.8 813 82.2 914 72.7 817 829 341 1.035 1.052 0.917
4 80.9 82.4 81.7 82.1 80.5 81.5 90.6 71.9 81.0 82.1 386 1.057 1.074 0.945

Impact of Train Speed on Noise Levels
Ricardo evaluated several methods for determining the impact of train speed on passby noise levels. The approach developed by Gautier, Poisson & Letourneaux® provided the highest level of correlation with measured data is the basis for the calculations presented below.

Lreae (V) - Ly (V) = Klog(V/V ) where Kis an empirical factor where V= train speed (km/hr) If the SPL is known at train speed V/, the SPL at train speed V can be determined from this formula
thus, Ly, (V) = Klog(V/V) + L (V) V= reference train speed (km/hr)
IThe empirical factor K varies with train speed. This is because the contribution of noise sources (e.g. wheel/rail interaction, propulsion components, aerodynamics) vary with train speed. Ricardo calculated the K factor values for 12 passby noise data sets.
IThe relationship between the K factor and train speed is provided by the following equation:
K= a*V+b where a= 0.0625 and b= 25.00

V, for this train set is: 271 km/hr




IThe following tables contain the calculated variation with train speed for the various noise parameters described above:

Microphond Position 1 Noise Metric: Table Entries are dB(A)
Train Speed
(km/hr) K Loreas e Lonsmax - Gy TEL SEL L Ly Ly
80 30.0000 77.0 78.7 77.9 783 76.5 77.6 88.0 66.7 77.0 78.3
150 34.3750 84.1 85.7 85.0 85.3 83.6 84.6 95.0 73.8 84.1 85.3
200 37.5000 87.9 89.6 88.9 89.2 87.5 88.5 98.9 77.6 88.0 89.2
250 40.6250 91.5 93.1 92.4 92.7 91.0 92.1 102.4 81.2 91.5 92.7
300 43.7500 94.8 96.5 95.7 96.1 94.4 95.4 105.8 84.5 94.8 96.1
350 46.8750 98.1 99.8 99.0 99.4 97.6 98.7 109.1 87.8 98.1 99.4
[Test Speed— 271 41.9375 92.9 94.6 93.8 94.2 92.4 93.5 103.9 82.6 92.9 94.2
Microphond Position 2 Noise Nietric: Table Entries are dB(A)
Train Speed
(km/hr) K Loreas Loimasrm) - Lontman [T TEL SEL Lo L Lo
80 30.0000 79.6 81.3 80.5 80.9 79.1 80.2 90.9 69.0 79.6 80.9
150 34.3750 86.7 88.4 87.6 88.0 86.2 87.3 97.9 76.1 86.7 88.0
200 37.5000 90.5 92.3 915 91.8 90.1 91.1 101.8 80.0 90.6 919
250 40.6250 94.1 95.8 95.0 95.4 93.6 94.7 105.3 83.5 94.1 95.4
300 43.7500 97.4 99.1 98.3 98.7 96.9 98.0 108.7 86.8 97.4 98.7
350 46.8750 100.7 102.4 101.6 102.0 100.2 101.3 112.0 90.1 100.7 102.0
[Test Speed— 271 41.9375 95.5 97.2 96.4 96.8 95.0 96.1 106.7 84.9 95.5 96.8
Microphond Position 3 Noise|Metric: Table Entries are dB(A)
Train Speed
| (kmyhi) K Laesrs By Lopsmax Losemen r— TEL SEL L, L, L,
80 30.0000 65.8 67.3 66.6 67.0 65.4 66.3 75.5 56.8 65.8 67.0
150 34.3750 72.9 74.4 73.7 74.0 72.5 73.4 82.5 63.8 72.9 74.0
200 37.5000 76.8 783 77.6 77.9 76.4 773 86.4 67.7 76.8 77.9
250 40.6250 80.3 81.8 81.1 81.4 79.9 80.8 89.9 71.2 80.3 81.4
300 43.7500 83.7 85.1 84.5 84.8 83.3 84.2 933 74.6 83.7 84.8
350 46.8750 86.9 88.4 87.7 88.1 86.5 87.5 96.6 77.9 87.0 88.1
[Test Speed— 271 41.9375 81.7 83.2 82.5 82.8 81.3 82.2 91.4 72.7 81.7 82.9
Microphond Position 4 Noise Metric: Table Entries are dB(A)
rivon IS N I T T e s L L L
80 30.0000 65.0 66.5 65.8 66.2 64.6 65.6 74.7 56.0 65.1 66.2
150 34.3750 72.1 73.6 729 73.2 71.7 72.6 81.7 63.0 721 732
200 37.5000 76.0 77.5 76.8 77.1 75.6 76.5 85.6 66.9 76.0 77.1
250 40.6250 79.5 81.0 80.3 80.6 79.1 80.0 89.2 70.5 79.5 80.6
300 43.7500 82.9 84.3 83.7 84.0 82.5 83.4 92.5 73.8 82.9 84.0
350 46.8750 86.1 87.6 86.9 87.3 85.7 86.7 95.8 77.1 86.2 87.3
[Test Speed— 271 41.9375 80.9 82.4 817 82.1 80.5 815 90.6 71.9 81.0 82.1

IThe European Technical Standards for Interoperability (TSI) include two normalized values for LPAEW. The values are normalized to 80 km/hr and 250 km/hr.®

IThe measurements are made at a lateral distance of 7.5 m from the rail centerline and 3.5 m above the top of the rail.

Procedures defined within the TSI to allow noise levels to be calculated at various train speeds based on measurements made at 80 km/hr (50 miles/h) and 250 km/hr (155 miles/h).
For the CHR3 Series Trains, no measurements were made at 80 km/hr and 250 km/hr: Thus, the Gautier method was used to calculate these values

Train Speed (km/hr)

The empirical factor, K, varies with train speed: it is on the order of 30 in speed
range to 300 kph and up to 50 for very high speed trains, for which aerodynamic
noise sources are dominant.

K =0.0625(Train Speed, km/hr) + 25

From the Microphone Position 1 Table Above, the normalized values for me 1, €N be found and are identified below:
[ Values Obtained from Data Analysis [ Value from TSI Formula | TSI Formulas
[ 77.0 dB(A) 77.0 AB(A) Lo BOKM/N) =L (vest)- 30 * log (viest/80 km/h)

Lonears aso ) = 915 dB(A) 911 GBA) L 250 KM/M) =L (vtest) - 50 * log (vtest/250 km/h)
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Data Point Sound
I Passby Data'****' ! Pressure Event
(Pa)
Time (sec) dB(A)
1 1.00 78.8 0.17419
2 1.05 79.5 0.18881 |<*—
3 1.10 81.3 0.23229 10 dB(A) lower than SPL
4 1.15 83.1 0.28578 when Train Nose Passes
5 1.20 85.9 0.39448 Microphone
6 1.25 88.3 0.52003 |*—
7 1.30 90.2 0.64719
8 1.35 92.9 0.88314 Train Nose Passes Microphone
9 1.40 93.0 0.89337
10 1.45 93.4 0.93547
11 1.50 93.7 0.96834
12 1.55 93.4 0.93547
13 1.60 94.1 1.01398
14 1.65 93.4 0.93547
15 1.70 94.3 1.03760
16 1.75 94.2 1.02572
17 1.80 93.8 0.97956 |<—
18 1.85 93.5 0.94630
19 1.90 94.0 1.00237 Start Time for LpASmax Calcul:
20 1.95 93.9 0.99090
21 2.00 93.8 0.97956
22 2.05 93.2 0.91418




23 2.10 93.1 0.90371
24 2.15 92.7 0.86304
25 2.20 92.5 0.84339
26 2.25 93.2 0.91418
27 2.30 93.4 0.93547
28 2.35 93.3 0.92476
29 2.40 93.4 0.93547
30 2.45 93.6 0.95726
31 2.50 93.9 0.99090
32 2.55 93.7 0.96834
33 2.60 94.1 1.01398
34 2.65 94.5 1.06177
35 2.70 94.7 1.08650
36 2.75 94.2 1.02572
37 2.80 93.4 0.93547
38 2.85 93.5 0.94630
39 2.90 93.9 0.99090
40 2.95 93.8 0.97956
41 3.00 93.9 0.99090
42 3.05 94.1 1.01398
43 3.10 93.9 0.99090
44 3.15 93.5 0.94630
45 3.20 93.6 0.95726
46 3.25 93.4 0.93547
47 3.30 93.5 0.94630
48 3.35 93.7 0.96834
49 3.40 93.8 0.97956
50 3.45 93.2 0.91418
51 3.50 93.4 0.93547
52 3.55 94.0 1.00237
53 3.60 93.6 0.95726
54 3.65 94.0 1.00237
55 3.70 94.0 1.00237
56 3.75 93.2 0.91418
57 3.80 92.9 0.88314
58 3.85 92.9 0.88314
59 3.90 93.3 0.92476
60 3.95 93.3 0.92476
61 4.00 92.5 0.84339
62 4.05 91.8 0.77809
63 4.10 90.7 0.68554
64 4.15 89.2 0.57681
65 4.20 87.2 0.45817 |
66 4.25 86.2 0.40835
67 4.30 84.7 0.34358
68 4.35 83.2 0.28909

Maximum Sound Pressure Leve

End Time for LpASmax Calculat

Train Tail Passes Microphone

10 dB(A) lower than SPL when

- na- 1



69 4.40 82.2 0.25765
70 4.45 81.2 0.22963
71 4.50 80.2 0.20466

Irain 1all Passes Iviicropnone
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CONTRAST Comparison Of Noise for TRAin STandards
Train Set Information
Year Data Set was Generated: 2014 'He, B., et. al., In\
Train Set Manufacturer: Changchun Railway Vehicles, Siemens ). Zhejang Univ-Si
Operator: China Railway Cgrporation ’China CRH3 Series
Train Set Geometry and Test Conditions https://www.railw
Parameter | Value | Units
Car Lengths
End Cars: 25.641 m
Intermediate Cars: 24.786 m
Number of End Cars: 2
Number of Intermediate Cars: 6
Test Train Length: 200 m
Test Train Speed(s): 271 km/hr
Microphone Position: 1 dB (sound press
Distance from Track Centerline: 7.5 m where 0.0002 is
Elevation above Top of Rail: 1.5 m so, Pa = 0.0000:
Time Increment for Passby Data, AT:Time In 0.05 sec
Number of Passby Data Points: 71
Plot of Passby Noise Data, Including Key Time Parameters
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sure level in decibels) = 20 Iogw(Pa/0.0000Z) dB (sound pressure level in decibels) 5

i the reference sound pressure level in Pascals
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Passby Noise Calculations

References

Calculate Train Pass-by Parameters

He, et al., Investigation into External Noise of a High-Speed Train at Different Speeds, J Zhejiang Univ-Sci A (Appl Phys & Eng) 2014, 15(12):1019-1033

[Train Speed (V): 271 km/hr = 75.28 m/sec [’Paul, et al, High Speed Rail Noise Standards and Regulations, US DOT Federal Railroad Administration, Contract DTFR35-16-C00006, May 2017.
Train Length: 200 m 10 cars: 2 end cars and 8 intermediate cars ’G. Xiaoan and J. Hua, "Application Research on Descending Vibration and Reducing Noise in Accelerating Speed Trains and Express Trains," Chinese
[Time for Passby (Tp) 2.656826568 seconds This is the time increment between nose of train passing IAcademy of Railway Sciences (CARS) Research Report, Beijing Shi, China, 2003.
microphone and tail of train passing microphone. ‘Hanson, C.E., et. al., High Speed Ground Transportation Noise and Vibration Impact Assessment, U.S. Department of Transportation, Federal Railroad
[Time for TEL(T ) 3.20 seconds TELis the Transit Exposure Limit and represents the equivalent IAdministration, Report Number DOT/FRA/ORD-12/15, September 2012.
A-weighted SPL over the time period beginning when the Gautier, P.E., Poisson, F., and Letourneaux, F., High Speed Trains External Noise: A Review of Measurements and Source Models for TGV Case Up to
instantaneous meter reading is 10 dB(A) lessthan L~ "and 360 km/hr, in Proceedings of the 8th World Congress on Railway Research (2008).
continuing through the passby event until the meter reading is °European Union, "Commission Regulation Number 1304/2014, on the technical specification for interoperability relating to the subsystem ‘rolling
again 10 dB(A) lessthanL stock — noise’ amending Decision 2008/232/EC and repealing Decision 2011/229/EU," Official Journal of the European Union, Brussels, Belgium, 2014,
Calculate Lmﬂv
L is the A-weighted equivalent continuous sound pressure level produced Microphone Position is 7.5 m from track centerline and 1.5 m above top of rail (Microphone Position 1).

pAca TP
by the train as measured during the passby event

where
TD is the passby time interval = time when trail tail passes microphone minus time when train nose passes microphone =T,-T,
LpAeq b = dB T is the time when the train nose passes the microphone
T is the time when the train tail passes the microphone
PA“) is the A-weighted instantaneous sound pressure in Pa at time t
wa can be calculated from the passby data using the following relationship: P, is the reference sound pressure: p,=20pPa= 0.00002 Pa
2 2 p i= o At is the time increment between measured data points = 0.05 seconds
2) i R
J‘ PA ( ) d = Z —Pa(l) Atl P/\(I) is the A-weighted instantaneous sound pressure in Pa at passby time increment i
P 2 Paz An analysis conducted during the current study indicated the integral can be determined numerically, with acceptable accuracy, by employing a midpoint Reimann sum scheme with a mimimum
7 0 = Ati = 0.05 seconds, and the corresponding Pa(i) analog meter values. This approach is described in: Hughes-Hallett, Deborah; McCullum, William G.; et al. (2005). Calculus (4th ed.), Wiley. p. 252.
Data Point SPL Pascals n2g0 2 Data Point SPL Pascals D2g0 2 Data Point SPL Pascals 2/n 2 Data Point SPL Pascals N2/ 2
i P (i i P (i i P(i i P.(i
Number | Time (sec) | SPL dB(A) (Pa) (iF/p, Number |TIMme (sec)| SPL dB(A) Pa) (iF/p, Number | Tme (sec) | SPL dB(A) (Pa) iV /p, Number | TIme (sec) | SPL dB(A) ®a) (0V/p,
1 1.00 78.80 0.174193 7.58578E+07 19 1.90 94.00 1.002374 2.51189E+09 37 2.80 93.40 0.935470 2.18776E+09 55 3.70 94.00 1.002374 2.51189E+09
2 1.05 79.50 0.188812 8.91251E+07 20 1.95 93.90 0.990900 2.45471E+09 38 2.85 93.50 0.946303 2.23872E+09 56 3.75 93.20 0.914176 2.08930E+09
3 1.10 81.30 0.232290 1.34896E+08 21 2.00 93.80 0.979558 2.39883E+09 39 2.90 93.90 0.990900 2.45471E+09 57 3.80 92.90 0.883141 1.94984E+09
4 1.15 83.10 0.285779 2.04174E+08 22 2.05 93.20 0.914176 2.08930E+09 40 2.95 93.80 0.979558 2.39883E+09 58 3.85 92.90 0.883141 1.94984E+09
5 1.20 85.90 0.394485 3.89045E+08 23 2.10 93.10 0.903712 2.04174E+09 41 3.00 93.90 0.990900 2.45471E+09 59 3.90 93.30 0.924762 2.13796E+09
6 1.25 88.30 0.520032 6.76083E+08 24 2.15 92.70 0.863038 1.86209E+09 42 3.05 94.10 1.013981 2.57040E+09 60 3.95 93.30 0.924762 2.13796E+09
7 1.30 90.20 0.647187 1.04713E+09 25 2.20 92.50 0.843393 1.77828E+09 43 3.10 93.90 0.990900 2.45471E+09 61 4.00 92.50 0.843393 1.77828E+09
8 1.35 92.90 0.883141 1.94984E+09 26 2.25 93.20 0.914176 2.08930E+09 44 3.15 93.50 0.946303 2.23872E+09 62 4.05 91.80 0.778090 1.51356E+09
9 1.40 93.00 0.893367 1.99526E+09 27 2.30 93.40 0.935470 2.18776E+09 45 3.20 93.60 0.957260 2.29087E+09 63 4.10 90.70 0.685536 1.17490E+09
10 1.45 93.40 0.935470 2.18776E+09 28 2.35 93.30 0.924762 2.13796E+09 46 3.25 93.40 0.935470 2.18776E+09 64 4.15 89.20 0.576806 8.31764E+08
11 1.50 93.70 0.968345 2.34423E+09 29 2.40 93.40 0.935470 2.18776E+09 47 3.30 93.50 0.946303 2.23872E+09 65 4.20 87.20 0.458174 5.24807E+08
12 1.55 93.40 0.935470 2.18776E+09 30 2.45 93.60 0.957260 2.29087E+09 48 3.35 93.70 0.968345 2.34423E+09 66 4.25 86.20 0.408348 4.16869E+08
13 1.60 94.10 1.013981 2.57040E+09 31 2.50 93.90 0.990900 2.45471E+09 49 3.40 93.80 0.979558 2.39883E+09 67 4.30 84.70 0.343582 2.95121E+08
14 1.65 93.40 0.935470 2.18776E+09 32 2.55 93.70 0.968345 2.34423E+09 50 3.45 93.20 0.914176 2.08930E+09 68 4.35 83.20 0.289088 2.08930E+08
15 1.70 94.30 1.037600 2.69153E+09 33 2.60 94.10 1.013981 2.57040E+09 51 3.50 93.40 0.935470 2.18776E+09 69 4.40 82.20 0.257650 1.65959E+08
16 1.75 94.20 1.025723 2.63027E+09 34 2.65 94.50 1.061769 2.81838E+09 52 3.55 94.00 1.002374 2.51189E+09 70 4.45 81.20 0.229631 1.31826E+08
17 1.80 93.80 0.979558 2.39883E+09 35 2.70 94.70 1.086501 2.95121E+09 53 3.60 93.60 0.957260 2.29087E+09 71 4.50 80.20 0.204659 1.04713E+08
18 1.85 93.50 0.946303 2.23872E+09 36 2.75 94.20 1.025723 2.63027E+09 54 3.65 94.00 1.002374 2.51189E+09
Data Point Number for Start of Passby Event (time at which train nose passes microphone): 8 i=1 i=n Pali)
Data Point Number for End of Passby Event (time at which train tail passes microphone): 60 i-n thus, Z [72] Af; = 5.46164E+09
P
i=1 ¢
( T 2
- 1 a1 =
™ 101g | —— [ #R() g, bpearo ™ 9313 ds(A)
2 gy Q)
Impact of Microphone Position References:
Mi h Distance from Elevation Ab:
';‘;:i‘:io‘:‘"e Track t(temr;!erline Ti‘:o'f";a“ (:)e Applfes to Regulations in these Regions? Comment AL Lu, X. Hu, Y. Zhang and X. Zhou, "Survey and Analysis of the Beijing-Shanghai High Speed Rail
us EU China Japan Noise," in The 21st International Congress on Sound and Vibration, Beijing, China, 2014.
1 75 12 X (151 2014) 1511304 *G. Xiaoan and J. Hua, "Application Research on Descending Vibration and Reducing Noise in
2 7.5 3.5 X (TSI 2014) [Also required forfspeeds > 250 fm/hr Accelerating Speed Trains and Express Trains," Chinese Academy of Railway Sciences (CARS)




[Reference for prd 2014 train sefs |

[ 3 | 25 | 3.5 | [ x(Tsi2008) | | X
Jus and china mepsurement locption |

[ 4 | 30 | 12 T x 1 | X |
Impact of microphone distance is determined from the following equation:* L=L,- 10*LOG(d/d0), where L,is the equivalent A-weighted constant sound pressure level

Research Report, Beijing Shi, China, 2003.
“W. Elliott, "Request for Information Reference FOI13-580, Comparison of Measured Sound

Levels for High Speed Trains as a Functionof Distance from Track," High Speed Rail Two (HS2),

for the microphone at distance d0, and d is the distance for Ld. London, England, 2013.

Microphane [ JEERCE 1o [Flevation Abovel, o571 o apga) | L at271 ki pa) S0und Pressure Variations for Microphone Positions and
Position = Top of Rail (m) | = heaTp
To convert dB(A) to Pascals: Pa =0.00002*(10*(dBA/20)) Train Speed from Reference 5
1 7.5 12 93.13 0.907 To convert Pa to dB(A), dB(A) = 20*LOG10(Pa/0.00002) Speed (km/hr) L., 9B(A)
2 7.5 3.5 95.80 1.233 Note: The simple sound level correction formula M1 M2 M3
3 25 3.5 82.08 0.254 underestimates the measured values. Therefore, 271 93.2 95.8 82.0
4 30 12 81.29 0.232 ratios based on actual measurements were used to 341 96.5 98.0 85.5
adjust for microphone location (table at right). 386 98.5 100.1 88.1

Calculated Noise Metrics: Maximum Recorded Sound Pressure Levels

IThe following calculations are for Microphone Position 1 L masimum) = Maximum recorded pass-by sound pressure level

L masimur) = 94.7 dB(A) which occurs at data point 35 at pass-by time 2.70 seconds
Ln/\Smax is the maximum sound pressure level, slow and A-weighted and Ln/\;mx =maximum sound pressure level, fast and A-weighted. The time period for the "slow" reading is 1 second. The time period for the "fast" reading is 0.125 seconds.
L psmax €30 be calculated as the logarithmic average of the recorded SPLs for the 1 second time interval containing the highest values The logarithmic average for an Excel array is: {=10*LOG(AVERAGE(10*(ARRAY/10)))} array-entered, i.e. using CTRL-Shift-Enter keys
where array is of the form A10:A15. In the current case, the array is Pass-By Data Set 1, C:48:C68
Highest 1-second interval occurs from start time 1.9 to end time 29 Thus, LnASmax = 93.65 dB(A)
Similarly, LFAWX can be calculated as the logarithmic average of the recorded SPLs for the 0.125 second time interval containing the highest values
Highest 0.125-second interval occures from start time 2.60 toendtime  2.725 Thus, LpAFmax = 94.38 dB(A)
Calculated Noise Metrics: Other Standard Parameters
[The following calculations are for Microphone Position 1
L pcapmesy 15 the A-weighted equivalent continuous sound pressure level produced during the entire pass-by event, including approach, T , and departure (used for L, L , etc.)
IThe calculation includes all of the pass-by data points.
Data Point Number for Start of Passby Event (time at which train nose passes microphone): 1 i=1 i=n Pali)?
[Data Point Number for End of Passby Event (time at which train tail passes microphone): 71 i-n thus, z L—Z] A = 6.58863E+09 Tz ’T, = 3.50 seconds
P
i=1 ’
p P \
- 1 Pal?) -
Lncapasery = 1019 | —— | —=—dr L 92.75 dB(A)
T s p
\ 71 0

Itis measured over the time interval starting when the SPLis 10 dB(A) lower than L, and ending when the SPL again reaches a value that is 10 dB(A) lower than L
- *

TEL=L, ..+ 10*LOG(T, /T TEL= 93.94 dB(A)

it integrates the total sound energy over a measurement period, but for SEL, the measurement period is normalized to a duration of 1 second. At a microphone distance of 30 m (100 ft), SEL= L

98.37 dB(A) SELat7.5m: 104.39 dB(A) SELat 25 m: 99.17 dB(A) using the distance correction factor:

SEL is the cumulative noise exposure (i.e. "dose") for a single noise event normalized over 1 second. The fact that SEL is a cumulative measure means that (1) louder events have higher SELs than quieter ones, and

[TEL is the Transit Exposure Limit* pheaTp
TEL is calculated using the following formula:

Like L

pheaTs’

SELat30m:

+10*L0G(Tp) + 1
L,=L, - 10*LOG(d/d0)

SEL is the Sound Exposure Limit*.

pheaTp

(2) events that last longer in time have higher SELs than shorter ones.*
|Statistical Parameters
IThe following parameters are determined by specifying the indicated percentile of the data values using Excel Function PERCENTILE(range,P).
where" range" is the array of values (e.g. K10:K68) and P = the percentile (between 0 and 1, for example, P for the 90th percentile would be entered as 0.9)

L,, is the sound pressure level for which 90% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. L,= 83.20 dB(A)
L, is the sound pressure level for which 50% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. L= 93.40 dB(A)
L,, is the sound pressure level for which 10% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. L= 94.10 dB(A)

ISummary of Pass-by Noise Metrics for Each Microphone Position

IThe noise metrics shown in the following table correspond to the baseline speed of 271 km/hr
Wil Noise Metric: Table Entries are dB(A) Microphone Position/Adjustment|Factors®
Position
Lo i) e, T L TEL SEL Ly L L Speed (km/hr) M1 M2 ™3
1 93.1 94.7 93.7 94.4 92.7 93.9 104.4 83.2 93.4 94.1
2 95.7 97.3 96.3 97.0 95.3 96.6 107.3 85.5 96.0 96.7 271 1.000 1.028 0.880
3 81.9 83.3 82.4 83.0 81.6 82.6 91.8 73.2 82.2 82.8 341 1.035 1.052 0.917
4 81.1 82.5 81.6 82.2 80.8 81.9 91.1 72.4 81.4 82.0 386 1.057 1.074 0.945

" 10*LOG(d/d0), where Ldo is the equivalent A-weighted constant sound pressure level for the microphone at distance d0, and d is the distance for Lﬂ.

Impact of Train Speed on Noise Levels
Lo M)~ Lo where V=
(V) = Klog(V/V ) +L,_ (V) V=

Aeatp

(V,) = Klog(V/V,) where Kis an empirical factor train speed (km/hr)

thus, L., reference train speed (km/hr)
IThe empirical factor K varies with train speed. This is because the contribution of noise sources (e.g. wheel/rail interaction, propulsion components, aerodynamics) vary with train speed.
IThe relationship between the K factor and train speed is provided by the following equation:
K= a*V+b where a= 0.0625 and b=
V‘7 for this train set is: 271 km/hr
[The following tables contain the calculated variation with train speed for the various noise parameters described above:

25.00

Ricardo evaluated several methods for determining the impact of train speed on passby noise levels. The approach developed by Gautier, Poisson & Letourneaux® provided the highest level of correlation with measured data is the basis for the calculations presented below.
If the SPL is known at train speed VO, the SPL at train speed V can be determined from this formula

Ricardo calculated the K factor values for 12 passby noise data sets.




Microphone Pofition 1 Noise Mefric: Table Entries are dB(A)
Train Speed
(km/hr) K Loreas L Lonsmax - L— TEL SEL Lo Ly Ly,
80 30.0000 77.2 78.8 77.8 78.5 76.9 78.0 88.5 67.3 77.5 78.2
150 34.3750 84.3 85.9 84.8 85.6 83.9 85.1 95.6 74.4 84.6 853
200 37.5000 88.2 89.8 88.7 89.4 87.8 89.0 99.4 78.3 88.5 89.2
250 40.6250 91.7 93.3 92.2 93.0 91.3 92.5 103.0 81.8 92.0 92.7
300 43.7500 95.1 96.6 95.6 96.3 94.7 95.9 106.3 85.1 95.3 96.0 E
350 46.8750 98.3 99.9 98.9 99.6 98.0 99.1 109.6 88.4 98.6 99.3
[Test Speed— 271 41.9375 93.1 94.7 93.7 94.4 92.7 93.9 104.4 83.2 93.4 94.1
Microphone Hosition 2 Noise|Metric: Table Entries are dB(A) 100 200 300 400 500
Train Speed )
i K [ - Lo | Lo | Loneurosn | TEL SEL Ly L L, Train Speed (km/hr)
80 30.0000 79.8 81.4 80.4 81.1 79.4 80.7 91.4 69.6 80.1 80.8
150 34.3750 86.9 88.5 87.4 88.2 86.5 87.7 98.5 76.7 87.2 87.9
200 37.5000 90.8 92.4 91.3 92.1 90.4 91.6 102.4 80.6 91.1 91.8 The empirical factor, K, varies with train speed: it is on the order of 30 in speed
250 40.6250 94.3 95.9 94.8 95.6 93.9 95.1 105.9 84.1 94.6 95.3 range to 300 kph and up to 50 for very high speed trains, for which aerodynamic
300 43.7500 97.7 99.3 98.2 98.9 97.3 98.5 109.2 87.5 97.9 98.7 noise sources are dominant.
350 46.8750 100.9 102.5 1015 102.2 100.5 101.8 112.5 90.7 101.2 101.9 K =0.0625(Train Speed, km/hr) + 25
[Test Speed— 271 41.9375 95.7 97.3 96.3 97.0 95.3 96.6 107.3 85.5 96.0 96.7
Microphone Hosition 3 Noige Metric: Tablq Entries are dB(A)
Train Speed,|
(km/hr) K Losearo e By B B TEL SEL Lo L, L,
80 30.0000 66.0 67.4 66.5 67.1 65.7 66.8 76.0 57.3 66.3 66.9
150 34.3750 73.1 74.5 73.6 74.2 72.8 73.8 83.0 64.4 733 74.0
200 37.5000 77.0 78.4 77.4 78.1 76.7 77.7 86.9 68.3 77.2 77.8
250 40.6250 80.5 81.9 81.0 81.6 80.2 81.2 90.4 71.8 80.8 81.4
300 43.7500 83.9 85.3 84.3 85.0 83.5 84.6 93.8 75.1 84.1 84.7
350 46.8750 87.1 88.5 87.6 88.2 86.8 87.9 97.1 78.4 87.4 88.0
[Test Speed— 271 41.9375 81.9 83.3 82.4 83.0 816 82.6 91.8 73.2 82.2 82.8
Microphone Hosition 4. Noisg Metric: ies are dB(A)
Train Speed
(km/hr) K Lsre - Lonsmax L — Srarrere TEL SEL Lo Ly Ly
80 30.0000 65.2 66.6 65.7 66.4 64.9 66.0 75.2 56.5 65.5 66.1
150 34.3750 723 73.7 72.8 73.4 72.0 73.0 82.2 63.6 72.6 73.2
200 37.5000 76.2 77.6 76.7 773 75.9 76.9 86.1 67.5 76.4 77.1
250 40.6250 79.7 81.1 80.2 80.8 79.4 80.4 89.6 71.0 80.0 80.6
300 43.7500 83.1 84.5 83.5 84.2 82.7 83.8 93.0 74.3 83.3 83.9
350 46.8750 86.4 87.7 86.8 87.5 86.0 87.1 96.3 77.6 86.6 87.2
[Test Speed— 271 41.9375 81.1 82.5 81.6 82.2 80.8 81.9 91.1 72.4 81.4 82.0

IThe European Technical Standards for Interoperability (TSI) include two normalized values for LpAEw‘ The values are normalized to 80 km/hr and 250 km/hr.®

IThe measurements are made at a lateral distance of 7.5 m from the rail centerline and 1.5 m above the top of the rail.
Procedures defined within the TSI to allow noise levels to be calculated at various train speeds based on measurements made at 80 km/hr (50 miles/h) and 250 km/hr (155 miles/h).
For the CHR3 Series Trains, no measurements were made at 80 km/hr and 250 km/hr: Thus, the Gautier method was used to calculate these values

From the Microphone Position 1 Table Above, the normalized values for me N be found and are identified below:
Values Obtained from Data Analysis | Value from TSI Formula | TSI Formulas
L pearo @0k = 77.2 dB(A) 77.2 dB(A) Lo (80 km/h) =L (vtest) - 30 * log (vtest/80 km/h)

Lopeors sy = 917 d4B(A) 914 dB(A) Lo (250Kkm/h)=L - (vtest)-50* log (vtest/250 km/h)

‘bhea,Tp pAeaTp
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Data Set Number: 5
Data Set Name: CRH3 Series (based on Siemens)

China CRH3 Series Train2

Data Point Sound
Nl Passby Data'****' ! Pressure Event
(Pa) <«
Time (sec) dB(A)
! 1.00 736 | 0.09573 10 dB(A) lower than SPL
2 1.05 74.6 0.10741 when Train Nose Passes
3 1.10 75.5 0.11913 Microphone
4 1.15 76.6 0.13522
5 1.20 77.3 0.14656
6 1.25 78.6 0.17023 |*—
7 1.30 79.9 0.19771
8 1.35 80.7 0.21679 Train Nose Passes Microphone
9 1.40 81.2 0.22963
10 1.45 81.3 0.23229
11 1.50 81.7 0.24324
12 1.55 82.0 0.25179
13 1.60 82.2 0.25765
14 1.65 82.3 0.26063
15 1.70 82.3 0.26063
16 1.75 82.1 0.25470
17 1.80 82.7 0.27292
18 1.85 82.8 0.27608
19 1.90 82.6 0.26979
20 1.95 82.5 0.26670
21 2.00 82.7 0.27292
22 2.05 82.3 0.26063




23 2.10 82.1 0.25470
24 2.15 82.0 0.25179
25 2.20 82.4 0.26365
26 2.25 82.4 0.26365
27 2.30 82.8 0.27608
28 2.35 83.1 0.28578
29 2.40 82.9 0.27927
30 2.45 82.9 0.27927
31 2.50 83.0 0.28251
32 2.55 82.8 0.27608
33 2.60 82.7 0.27292
34 2.65 82.6 0.26979
35 2.70 82.9 0.27927
36 2.75 82.9 0.27927
37 2.80 82.9 0.27927
38 2.85 83.3 0.29244
39 2.90 83.1 0.28578
40 2.95 83.4 0.29582
41 3.00 83.2 0.28909
42 3.05 82.8 0.27608
43 3.10 82.8 0.27608
44 3.15 82.8 0.27608
45 3.20 82.9 0.27927
46 3.25 83.0 0.28251
47 3.30 83.0 0.28251
48 3.35 82.8 0.27608
49 3.40 82.8 0.27608
50 3.45 83.2 0.28909
51 3.50 83.1 0.28578
52 3.55 82.5 0.26670
53 3.60 82.3 0.26063
54 3.65 82.6 0.26979
55 3.70 82.2 0.25765
56 3.75 82.2 0.25765
57 3.80 81.7 0.24324
58 3.85 81.4 0.23498
59 3.90 81.3 0.23229
60 3.95 81.3 0.23229
61 4.00 80.7 0.21679
62 4.05 79.4 0.18665
63 4.10 78.4 0.16635
64 4.15 77.6 0.15172
65 4.20 77.1 0.14323
66 4.25 77.1 0.14323
67 4.30 76.1 0.12765
68 4.35 75.4 0.11777

Start Time for LpASmax Calculat

Maximum Sound Pressure Lewv:

End Time for LpASmax Calculat

Train Tail Passes Microphone



69 4.40 74.9 0.11118
70 4.45 73.8 0.09796
71 4.50 73.2 0.09142

10 dB(A) lower than SPL when
Train Tail Passes Microphone
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CONTRAST Comparison Of Noise for TRAin STandards
Train Set Information
Year Data Set was Generated: 2014 "He, B., et. al., Im
Train Set Manufacturer: Changchun Railway Vehicles, Siemens ). Zhejang Univ-Si
Operator: China Railway Cgrporation ’China CRH3 Series
Train Set Geometry and Test Conditions https://www.railw
Parameter | Value | Units
Car Lengths
End Cars: 25.641 m
Intermediate Cars: 24.786 m
Number of End Cars: 2
Number of Intermediate Cars: 6
Test Train Length: 200 m
Test Train Speed(s): 271 km/hr
Microphone Position: 3 dB (sound press
Distance from Track Centerline: 25 m where 0.0002 is
Elevation above Top of Rail: 35 m so, Pa = 0.0000:
Time Increment for Pass-By Data, AT:Time In] 0.05 sec
Number of Pass-By Data Points: 71

Plot of Passby Noise Data, Including Key Time Parameters
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Formulas

sure level in decibels) = 20 Iogw(Pa/0.0000Z) dB (sound pressure level in decibels) 420 Ioglo(Pa/0.0000Z) d

i the reference sound pressure level in Pascals
)* 10(dB/20)so, Pa = 0.00002*10(dB/20)so, Pa = 0.00002*10(dB/20)so, Pa = 0.00002*10(dB/20)so, Pa = 0.00002*10(dB/20)

Rear of Train Passes Microphone
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Data Set Number: 5 Passby Noise Calculations

Data Set Name: CRH3 Series (based on Siemens)

[Calculate Train Passby Parameters

[Train Speed (V): 271 km/hr = 75.28 m/sec

[Train Length: 200 m 10 cars: 2 end cars and 8 intermediate cars

[Time for Passby (T ) 2.656826568 seconds This is the time increment between nose of train passing
microphone and tail of train passing microphone.

Time for TEL(T ) 4.70 seconds  TEL is the Transit Exposure Limit and represents the equivalent

A-weighted SPL over the time period beginning when the

instantaneous meter reading is 10 dB(A) less than L

continuing through the passby event until the meter reading is

again 10 dB(A) less than L

pAeaTp

and
pAEQT
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Hanson, C.E., et. al., High Speed Ground Transportation Noise and Vibration Impact Assessment, U.S. Department of Transportation, Federal Railroad
[Administration, Report Number DOT/FRA/ORD-12/15, September 2012.

FGautier, P.E., Poisson, F., and Letourneaux, F., High Speed Trains External Noise: A Review of Measurements and Source Models for TGV Case Up to
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Calculate L
L

heaTp
by the train as measured during the passby

is the A-weighted equivalent continuous sound pressure level produced

event

Microphone Position is 25 m from track centerline and 3.5 m above top of rail (Microphone Position 3).

where
T, 2 (f) T‘1 is the passby time interval = time when trail tail passes microphone minus time when train nose passes microphone = T,-T,
PA
J‘ —2 dr dB T] is the time when the train nose passes the microphone
1, Po T, isthe time when the train tail passes the microphone
PA([) is the A-weighted instantaneous sound pressure in Pa at time t
L req, €21 be calculated from the passby data using the following relationship: P, is the reference sound pressure: p, = 20pPa = 0.00002 Pa
T, 2 (’ ) i=n e At isthe time increment between measured data points = 0.05 seconds
2 i i
J. —/ Lay dr = Z —a(l) At, PA(‘) is the A-weighted instantaneous sound pressure in Pa at passby time increment i
J [)g POZ An analysis conducted during the current study indicated the integral can be determined numerically, with acceptable accuracy, by employing a midpoint Reimann sum scheme with a mimimum
I1 i=1 Ati = 0.05 seconds, and the corresponding Pa(i) analog meter values. This approach is described in: Hughes-Hallett, Deborah; McCullum, William G.; et al. (2005). Calculus (4th ed.), Wiley. p. 252.
Data Point SPL Pascals 20 2 Data Point SPL Pascals 2y 2 Data Point SPL Pascals 2y02 Data Point SPL Pascals 0270 2
i P(i i P (i] i P, (i] i P.(i
Number | Time (sec) | SPL dB(A) (Pa) (iY/p, Number | Time (sec) [ SPL dB(A) ) KON Number | Time (sec) | SPL dB(A) Pa) (i/p, Number | Time (sec) [ SPL dB(A) (Pa) (i/p,
1 1.00 73.60 0.095726 2.29087E+07 19 1.90 82.60 0.269793 1.81970E+08 37 2.80 82.90 0.279274 1.94984E+08 55 3.70 82.20 0.257650 1.65959E+08
2 1.05 74.60 0.107406 2.88403E+07 20 1.95 82.50 0.266704 1.77828E+08 38 2.85 83.30 0.292435 2.13796E+08 56 3.75 82.20 0.257650 1.65959E+08
3 1.10 75.50 0.119132 3.54813E+07 21 2.00 82.70 0.272917 1.86209E+08 39 2.90 83.10 0.285779 2.04174E+08 57 3.80 81.70 0.243237 1.47911E+08
4 1.15 76.60 0.135217 4.57088E+07 22 2.05 82.30 0.260633 1.69824E+08 40 2.95 83.40 0.295822 2.18776E+08 58 3.85 81.40 0.234980 1.38038E+08
5 1.20 77.30 0.146565 5.37032E+07 23 2.10 82.10 0.254701 1.62181E+08 41 3.00 83.20 0.289088 2.08930E+08 59 3.90 81.30 0.232290 1.34896E+08
6 1.25 78.60 0.170228 7.24436E+07 24 2.15 82.00 0.251785 1.58489E+08 42 3.05 82.80 0.276077 1.90546E+08 60 3.95 81.30 0.232290 1.34896E+08
7 1.30 79.90 0.197711 9.77237E+07 25 2.20 82.40 0.263651 1.73780E+08 43 3.10 82.80 0.276077 1.90546E+08 61 4.00 80.70 0.216785 1.17490E+08
8 1.35 80.70 0.216785 1.17490E+08 26 2.25 82.40 0.263651 1.73780E+08 44 3.15 82.80 0.276077 1.90546E+08 62 4.05 79.40 0.186651 8.70964E+07
9 1.40 81.20 0.229631 1.31826E+08 27 2.30 82.80 0.276077 1.90546E+08 45 3.20 82.90 0.279274 1.94984E+08 63 4.10 78.40 0.166353 6.91831E+07
10 1.45 81.30 0.232290 1.34896E+08 28 2.35 83.10 0.285779 2.04174E+08 46 3.25 83.00 0.282508 1.99526E+08 64 4.15 77.60 0.151716 5.75440E+07
11 1.50 81.70 0.243237 1.47911E+08 29 2.40 82.90 0.279274 1.94984E+08 47 3.30 83.00 0.282508 1.99526E+08 65 4.20 77.10 0.143229 5.12861E+07
12 1.55 82.00 0.251785 1.58489E+08 30 2.45 82.90 0.279274 1.94984E+08 48 3.35 82.80 0.276077 1.90546E+08 66 4.25 77.10 0.143229 5.12861E+07
13 1.60 82.20 0.257650 1.65959E+08 31 2.50 83.00 0.282508 1.99526E+08 49 3.40 82.80 0.276077 1.90546E+08 67 4.30 76.10 0.127653 4.07380E+07
14 1.65 82.30 0.260633 1.69824E+08 32 2.55 82.80 0.276077 1.90546E+08 50 3.45 83.20 0.289088 2.08930E+08 68 4.35 75.40 0.117769 3.46737E+07
15 1.70 82.30 0.260633 1.69824E+08 33 2.60 82.70 0.272917 1.86209E+08 51 3.50 83.10 0.285779 2.04174E+08 69 4.40 74.90 0.111181 3.09030E+07
16 1.75 82.10 0.254701 1.62181E+08 34 2.65 82.60 0.269793 1.81970E+08 52 3.55 82.50 0.266704 1.77828E+08 70 4.45 73.80 0.097956 2.39883E+07
17 1.80 82.70 0.272917 1.86209E+08 35 2.70 82.90 0.279274 1.94984E+08 53 3.60 82.30 0.260633 1.69824E+08 71 4.50 73.20 0.091418 2.08930E+07
18 1.85 82.80 0.276077 1.90546E+08 36 2.75 82.90 0.279274 1.94984E+08 54 3.65 82.60 0.269793 1.81970E+08
Data Point Number for Start of Passby Event (time at which train nose passes microphone): 8 i=1 N ip
ali
Data Point Number for End of Passby Event (time at which train tail passes microphone): 60 i-n thus, Z [—1] A = 4.29114E+08
2
=1 °
( 2,2
- 1 Z3U =
Loy =10 Ig ‘ — | f Ai Jar Lears = 82.08 dB(A)
L 2 1 n Po
Impact of Microphone Position References:
rimeters || PEEER D |l ]
B o iondi ions? A " .
Position Track C(emr;terlme Top of Rail (m) Applief to Regulationd in these Regions’ Comment L. Lu, X. Hu, Y. Zhang and X. Zhou, "Survey and Analysis of the Beijing-Shanghai High Speed Rail
us EU China Japan Noise," in The 21st International Congress on Sound and Vibration, Beijing, China, 2014.
1 7.5 12 X (TS12014) TSI 1304 *G. Xiaoan and J. Hua, "Application Research on Descending Vibration and Reducing Noise in
2 7.5 3.5 X (TSI 2014) |Also required > 250 km/hr Speed Trains and Express Trains," Chinese Academy of Railway Sciences (CARS)
3 25 3.5 X (TSI 2008) X Reference for prd 2014 train sefs Research Report, Beijing Shi, China, 2003
4 30 1.2 X X US and China mepsurement lodhtion “W. Elliott, "Request for Information Reference FOI13-580, Comparison of Measured Sound




Impact of microphone distance is determined from the following equation:* L =L - 10*LOG(d/d0), where L _is the equivalent A-weighted constant sound pressure level Levelsfor High Speed Trains as a Functionof Distance from Track," Hgh Speed Rail Two (H52),

for the microphone at distance d0, and d is the distance for Ld. London, England, 2013.
[Microphone [P=2nce o™ Teieyation Above|
Top [Track Centerline . L at 271 km/h dB(A) L at 271 km/h (Pa) To convert dB(A) to Pascals: Pa =0.00002*(10"(dBA/20)) Sound Pressure Variations for Microphone Positions and
Position [ [Top of Rail (m) | Paeat pAea Ty
To convert Pa to dB(A), dB(A) = 20*LOG10(Pa/0.00002) Train Speed from Reference 5
1 7.5 12 93.20 0.914 Note: The simple sound level correction formula Speed (km/hr) Lonears 8BIA)
2 7.5 3.5 95.80 1.233 underestimates the measured values. Therefore, M1 M2 M3
3 25 35 82.08 0.254 ratios based on actual measurements were used to 271 93.2 95.8 82.0
4 30 1.2 81.29 0.232 adjust for microphone location (table at right). 341 96.5 98.0 85.5
386 98.5 100.1 88.1
Calculated Noise Metrics: Maximum Recorded Sound Pressure Levels
IThe following calculations are for Microphone Position 3 '-,(m,,‘mm, = maximum recorded passby sound pressure level
T 83.4 dB(A)  which occurs at data point 40 atpass-by time 2.95 seconds
LDASW is the maximum sound pressure level, slow and A-weighted and LWMax =maximum sound pressure level, fast and A-weighted. The time period for the "slow" reading is 1 second. The time period for the "fast" reading is 0.125 seconds.
GO L be calculated as the logarithmic average of the recorded SPLs for the 1 second time interval containing the highest values The logarithmic average for an Excel array is: {=10*LOG(AVERAGE(107(ARRAY/10)))} array-entered, i.e. using CTRL-Shift-Enter keys
where array is of the form A10:A15. In the current case, the array is Pass-By Data Set 1, C:48:C68
Highest 1-second interval occurs from start time 25 to end time 35 Thus, L .= 82.96 dB(A)
Similarly, LnAFmax can be calculated as the logarithmic average of the recorded SPLs for the 0.125 second time interval containing the highest values
Highest 0.125-second interval occures from start time 2.85 to end time 2.975 Thus, L. .= 83.25 dB(A)

Calculated Noise Metrics: Other Standard Parameters
IThe following calculations are for Microphone Position 3

Lpeapuy 1S the A-weighted equivalent continuous sound pressure level produced during the entire pass-by event, including approach, T, and departure (used for L, L, etc)

IThe calculation includes all of the pass-by data points.

Data Point Number for Start of Passby Event (time at which train nose passes microphone): 1 i=1 i=n Pa(iy?
Data Point Number for End of Passby Event (time at which train tail passes microphone): 71 i-n thus, Z [ 5 ] At 5.20591E+08 T,-T,= 3.50 seconds
)2
i=1 °
¢ 2 \
- 1 rals) =
Foscapury = 1019 | ———— | ——5—dr Lopeapassty = 81.72 dB(a)
L“2 i, FPo
ITEL is the Transit Exposure Limit® Itis measured over the time interval starting when the SPLis 10 dB(A) lower than L, and ending when the SPL again reaches a value that is 10 dB(A) lower than L _
TELis calculated using the following formula: TEL=L .., * 10*LOG(T /T ) TEL= 84.56 dB(A)
ISEL is the Sound Exposure Limit*. LikeL, . itintegrates the total sound energy over a measurement period, but for SEL, the measurement period is normalized to a duration of 1 second. At a microphone distance of 30 m (100 ft), SEL= L, +10*L0G(Tp) +1
SELat 30 m: 87.33  dB(A) SELat7.5m:  93.35  dB(A) SELat25m: 88.12 dB(A) using the distance correction factor: L =L, 10¥L06(d/d0)

SEL is the cumulative noise exposure (i.e. "dose") for a single noise event normalized over 1 second. The fact that SEL is a cumulative measure means that (1) louder events have higher SELs than quieter ones, and
(2) events that last longer in time have higher SELs than shorter ones.*

[Statistical Parameters
IThe following parameters are determined by specifying the indicated percentile of the data values using Excel Function PERCENTILE(range,P).
where" range" is the array of values (e.g. K10:K68) and P = the percentile (between 0 and 1, for example, P for the 90th percentile would be entered as 0.9)

L,, is the sound pressure level for which 90% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. L,= 76.10 dB(A)
L,, s the sound pressure level for which 50% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. L,= 82.30 dB(A)
L,, is the sound pressure level for which 10% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. L= 83.00 dB(A)

[Summary of Passby Noise Metrics for Each Microphone Position

IThe noise metrics shown in the following table correspond to the baseline speed of 271 km/hr L, =L, - 10*LOG(d/d0), where L _ is the equivalent A-weighted constant sound pressure level for the microphone at distance d0, and d is the distance for L .

Microphone 5 g g i " 5

. Noise Metric: Table Entries are dB(A) Microphone P ion Adjustment Factors’
Position
o o e G || S TEL SEL Ly Ly L speed (km/hr) m1 w2 m3

1 933 94.8 943 94.6 92.9 96.1 100.2 86.5 93.5 94.3
2 95.9 974 96.9 97.3 95.5 98.8 1029 88.9 96.2 97.0 271 1.000 1.028 0.880
3 82.1 83.4 83.0 83.3 81.7 84.6 88.1 76.1 823 83.0 341 1.035 1.052 0.917
4 813 82.6 82.2 82.5 80.9 83.8 87.3 753 815 82.2 386 1.057 1.074 0.945

Impact of Train Speed on Noise Levels
Ricardo evaluated several methods for determining the impact of train speed on passby noise levels. The approach developed by Gautier, Poisson & Letourneaux” provided the highest level of correlation with measured data is the basis for the calculations presented below.
Loy V)~ L o{Vo) = Klog(V/V,) where Kis an empirical factor where V= train speed (km/hr) If the SPL is known at train speed V,, the SPL at train speed V can be determined from this formula
thus, L., (V) = Klog(V/V) +L_ (V) \ reference train speed (km/hr)
IThe empirical factor K varies with train speed. This is because the contribution of noise sources (e.g. wheel/rail interaction, propulsion components, aerodynamics) vary with train speed.
[The relationship between the K factor and train speed is provided by the following equation:
K= a*V +bwhere a= 0.0625 and b= 25.00

Vn for this train set is: 271 km/hr
IThe following tables contain the calculated variation with train speed for the various noise parameters described above:

Ricardo calculated the K factor values for 12 passby noise data sets.

| | Microphond Position 1 | Nois§ Metric: Table Entries are dB(A) o




/

0 T T T T
[ 100 200 300 400

Train Speed (km/hr)

The empirical factor, K, varies with train speed: it is on the order of 30 in speed
range to 300 kph and up to 50 for very high speed trains, for which aerodynamic

K =0.0625(Train Speed, km/hr) + 25

Train Speed -
ot K (- ey B Lo | Loscammey | TEL SeL L, L, L,
80 30.0000 77.4 78.9 78.4 78.7 77.0 80.2 84.3 70.6 77.6 78.4
150 34.3750 84.5 86.0 85.5 85.8 84.1 873 91.3 77.7 84.7 85.5
200 37.5000 88.3 89.8 89.3 89.7 87.9 91.2 95.2 815 88.6 89.4
250 40.6250 91.9 93.4 92.9 93.2 91.5 94.7 98.7 85.1 92.1 92.9 1 30
300 43.7500 95.2 96.7 96.2 96.6 94.8 98.0 102.1 88.4 95.5 96.3
350 46.8750 98.5 100.0 99.5 99.8 98.1 101.3 105.4 91.7 98.7 99.5 E 20
[Test Speed— 271 41.9375 933 94.8 943 94.6 92.9 96.1 100.2 86.5 93.5 94.3
10
Microphond Position 2 NoiseMetric: Table Entries are dB(A)
Train Speed
(km/hr) K Lears Cemmy L nsma L Loneqpassy TEL SEL Ly Ly Ly
80 30.0000 80.0 815 81.0 81.4 79.6 82.9 87.1 73.0 80.3 81.1
150 34.3750 87.1 88.6 88.1 88.4 86.6 90.0 94.1 80.1 87.3 88.1
200 37.5000 90.9 92.5 92.0 923 90.5 93.8 98.0 84.0 91.2 92.0
250 40.6250 94.5 96.0 95.5 95.8 94.1 97.4 101.5 87.5 94.7 95.5
300 43.7500 97.8 99.4 98.8 99.2 97.4 100.7 104.9 90.8 98.1 98.9 noise sources are dominant.
350 46.8750 101.1 102.6 102.1 102.5 100.7 104.0 108.2 94.1 101.4 102.2
[Test Speed— 271 41.9375 95.9 97.4 96.9 97.3 95.5 98.8 102.9 88.9 96.2 97.0
Microphond Position 3 Noisk Metric: Tabld Entries are dB(A)
Train Speed
(km/hr) K Loncaro e L L o TEL SEL Lo Lo Lo
80 30.0000 66.2 67.5 67.1 67.4 65.8 68.7 722 60.2 66.4 67.1
150 34.3750 733 74.6 74.1 74.4 72.9 75.7 793 67.3 73.5 74.2
200 37.5000 77.1 78.5 78.0 783 76.8 79.6 83.2 712 77.4 78.1
250 40.6250 80.7 82.0 815 818 80.3 83.1 86.7 74.7 80.9 816
300 43.7500 84.0 85.3 84.9 85.2 83.7 86.5 90.0 78.0 84.2 849
350 46.8750 87.3 88.6 88.2 88.5 86.9 89.8 93.3 813 87.5 88.2
[Test Speed— 271 41.9375 82.1 834 83.0 833 81.7 84.6 88.1 76.1 82.3 83.0
Microphond Position 4 Nois§ Metric: Table Entries are dB(A)
Train Speed
(km/hr) K Loeare e L nsmax G By TEL SEL Lo Ly L
80 30.0000 65.4 66.7 66.3 66.6 65.0 67.9 71.4 59.4 65.6 66.3
150 34.3750 72.5 738 733 73.6 72.1 74.9 78.5 66.5 727 734
200 37.5000 76.3 77.7 77.2 775 76.0 78.8 82.4 70.4 76.6 773
250 40.6250 79.9 812 80.7 81.0 79.5 823 85.9 739 80.1 80.8
300 43.7500 83.2 84.5 84.1 84.4 82.9 85.7 89.3 772 83.4 84.1
350 46.8750 86.5 87.8 87.4 87.7 86.1 89.0 92.5 80.5 86.7 87.4
[Test Speed— 271 41.9375 813 82.6 82.2 82.5 80.9 83.8 87.3 753 81.5 822
IThe European Technical Standards for Interoperability (TSI) include two normalized values for merp' The values are normalized to 80 km/hr and 250 km/hr.®
[The measurements are made at a lateral distance of 7.5 m from the rail centerline and 1.5 m above the top of the rail.
Procedures defined within the TSI to allow noise levels to be calculated at various train speeds based on measurements made at 80 km/hr (50 miles/h) and 250 km/hr (155 miles/h).
For the CRH3 Series Trains, no measurements were made at 80 km/hr and 250 km/hr: Thus, the Gautier method was used to calculate these values
From the Microphone Position 1 Table Above, the normalized values for wa can be found and are identified below:
[ Values Obtained from Data Analysis [ Value from TSI Formula [ TSI Formulas
Lv-eu,rp(snkm/m) = 774 dB(A) 77.4 dB(A) mejp(SO km/h) = Lmq’w(vtest) - 30 * log (vtest/80 km/h)

Lm‘vwmwmm) = 91.9 dB(A) 915 dB(A) LWUD(ZSO km/h) = LDA!n Tp(‘nESt) - 50 * log (vtest/250 km/h)

500
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Data Set Number: 6
Data Set Name: Common Reference
T ST

| The Common Reference Data Set is a Scaled Version of the
Thalys PBKA (see Data Set 2).

Data Point S
e Passby Data'"***'®*#)| Ppressure Event
(Pa)
Time (sec) dB(A)

1 0.00 73.9 0.09909

2 0.05 74.6 0.10741

3 0.10 74.6 0.10741

4 0.15 75.8 0.12332

5 0.20 76.2 0.12913

6 0.25 77.9 0.15705

7 0.30 79.1 0.18031

8 0.35 80.3 0.20703

9 0.40 81.1 0.22700

10 0.45 83.6 0.30271

11 0.50 84.8 0.34756 |<4—

12 0.55 86.6 0.42759 10 dB(A) lower than SPL when
13 0.60 88.5 0.53215 Train Nose Passes Microphone
14 0.65 90.5 0.66993 |<«—

15 0.70 93.0 0.89337

16 0.75 95.1 1.13771 Train Nose Passes Microphone
17 0.80 96.6 1.35217

18 0.85 99.0 1.78250

19 0.90 98.9 1.76210

20 0.95 97.7 1.53472

21 1.00 98.6 1.70228




22 1.05 97.7 1.53472
23 1.10 97.4 1.48262
24 1.15 96.3 1.30626
25 1.20 95.5 1.19132
26 1.25 97.3 1.46565
27 1.30 99.4 1.86651
28 1.35 98.6 1.70228
29 1.40 96.6 1.35217
30 1.45 96.0 1.26191
31 1.50 96.5 1.33669
32 1.55 96.9 1.39968
33 1.60 96.8 1.38366
34 1.65 94.9 1.11181
35 1.70 95.7 1.21907
36 1.75 96.6 1.35217
37 1.80 97.6 1.51716
38 1.85 96.1 1.27653
39 1.90 97.7 1.53472
40 1.95 99.9 1.97711
41 2.00 100.5 2.11851
42 2.05 99.6 1.90999
43 2.10 97.6 1.51716
44 2.15 98.6 1.70228
45 2.20 100.2 2.04659
46 2.25 100.6 2.14304
47 2.30 99.1 1.80314
48 2.35 97.2 1.44887
49 2.40 98.6 1.70228
50 2.45 98.6 1.70228
51 2.50 98.2 1.62566
52 2.55 96.6 1.35217
53 2.60 95.9 1.24747
54 2.65 98.6 1.70228
55 2.70 98.4 1.66353
56 2.75 96.6 1.35217
57 2.80 95.9 1.24747
58 2.85 97.0 1.41589
59 2.90 98.7 1.72199
60 2.95 100.2 2.04659
61 3.00 99.1 1.80314
62 3.05 97.6 1.51716
63 3.10 96.6 1.35217
64 3.15 95.5 1.19132
65 3.20 95.6 1.20512
66 3.25 93.6 0.95726
67 3.30 90.7 0.68554

Start Time for LpASmax Calculat

Maximum Sound Pressure Leve

End Time for LpASmax Calculati

Train Tail Passes Microphone



68 3.35 89.4 0.59024
69 3.40 88.0 0.50238
70 3.45 86.6 0.42759
71 3.50 85.6 0.38109
72 3.55 84.5 0.33576
73 3.60 83.6 0.30271
74 3.65 81.1 0.22700
75 3.70 80.3 0.20703
76 3.75 79.1 0.18031
77 3.80 77.8 0.15525
78 3.85 76.7 0.13678
79 3.90 75.5 0.11913
80 3.95 74.5 0.10618
81 4.00 73.9 0.09909
82 4.05 72.9 0.08831
83 4.10 71.7 0.07692
84 4.15 71.0 0.07096
85 4.20 70.6 0.06777

10 dB(A) lower than SPL when
Train Tail Passes Microphone



Spreadsheet-Based Tool for Comparing Noise Standards and Re
Conversion Tool for Noise Regulations and Standards to Commc

ifion
CONTRAST Comparison Of Noise for TRAin STandards
Train Set Information
Year Data Set was Generated: 2010 !Dittrich, M.G., et
Train Set Manufacturer: GEC-Alsthom Thalys treinen op
Operator: Thalys trains on HSL Rhe
Train Set Geometry and Test Conditions Natuurwetenschap
Parameter | Value | Units “Thalys PBKA image
Car Lengths Version 1.2 or any |
End Cars: | 22.15 | m https://commons.v
Intermediate Cars: two at 21.845 m and six at 18.7 m
Number of End Cars: 2
Number of Intermediate Cars: 8
Test Train Length: 200.19 m
Test Train Speed(s): 296 km/hr
Microphone Position: 1 dB (sound press
Distance from Track Centerline: 7.5 m where 0.0002 is
Elevation above Top of Rail: 1.2 m so, Pa = 0.0000:
Time Increment for Passby Data, AT:Timg 0.05 sec
Number of Passby Data Points: 85

Plot of Passby Noise Data, Including Key Time Parameters
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Program Version: 7 14-Oct-19

References

.. al., TNO Report MON-RPT-2010-03023, Geluidemissiemetingen aan V250 en'Dittrich, M.f5., et. al., TNO Report M(

' HSL Rheda- en ballastpoor, (Noise emission measurements on V250 and Thalys
rda and ballast track), Nederlandse Organisatie voor Toegepast

pelijk Onderzoek (TNO Industrie en Techniek), 13 December 2010.

» used with permission: under the terms of the GNU Free Documentation License, *Thalys PBKA imagd
ater version published by the Free Software Foundation,
vikimedia.org/wiki/File:Thalys_PBKA_Refurbished_Nederland.jpg

Formulas

sure level in decibels) = 20 Ioglo(Pa/0.0000Z) dB (sound pressure level in decibels) 5

i the reference sound pressure level in Pascals
1*1 O(dB/ZO)so, Pa = 0.00002*10(dB/20)so, Pa = 0.00002*10(dB/20)so, Pa = 0.00002*10(dB/20)so, Pa = 0.00002*10(dB/20)so, Pa = 0.00002

w

L paeq,1, =97.9dB(A)

e | e L ™~

used with permission: unde

20 Ioglo(Pa 0.00002) d

10(dB/20)
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)N-RPT-2010-03023, Geluidemissiemetingen aan V250 en'Dittrich, M.G., et. al., TNO Report MON-RPT-2010-0302

ir the terms of the GNU Free Documentation License, “Thalys PBKA image used with permission: under the terms of the GNU Fr

al Thalys PBKA Data Set

Sound
Passby Data (see Passby | Pressure
(Pa)
Time (sec) dB(A)
0.00 75.3 0.11642
0.05 76.0 0.12619
0.10 76.0 0.12619
0.15 77.2 0.14489
0.20 77.6 0.15172
0.25 79.3 0.18451
0.30 80.5 0.21185
0.35 81.7 0.24324
0.40 82.5 0.26670
0.45 85.0 0.35566
0.50 86.2 0.40835
0.55 88.0 0.50238
0.60 89.9 0.62522
0.65 91.9 0.78710
0.70 94.4 1.04961
0.75 96.5 1.33669
0.80 98.0 1.58866
0.85 100.4 2.09426
0.90 100.3 2.07028
0.95 99.1 1.80314
1.00 100.0 2.00000




1.05 99.1 1.80314
1.10 98.8 1.74193
1.15 97.7 1.53472
1.20 96.9 1.39968
1.25 98.7 1.72199
1.30 100.8 2.19296
1.35 100.0 2.00000
1.40 98.0 1.58866
1.45 97.4 1.48262
1.50 97.9 1.57047
1.55 98.3 1.64449
1.60 98.2 1.62566
1.65 96.3 1.30626
1.70 97.1 1.43229
1.75 98.0 1.58866
1.80 99.0 1.78250
1.85 97.5 1.49979
1.90 99.1 1.80314
1.95 101.3 2.32290
2.00 101.9 2.48903
2.05 101.0 2.24404
2.10 99.0 1.78250
2.15 100.0 2.00000
2.20 101.6 2.40453
2.25 102.0 2.51785
2.30 100.5 2.11851
2.35 98.6 1.70228
2.40 100.0 2.00000
2.45 100.0 2.00000
2.50 99.6 1.90999
2.55 98.0 1.58866
2.60 97.3 1.46565
2.65 100.0 2.00000
2.70 99.8 1.95447
2.75 98.0 1.58866
2.80 97.3 1.46565
2.85 98.4 1.66353
2.90 100.1 2.02316
2.95 101.6 2.40453
3.00 100.5 2.11851
3.05 99.0 1.78250
3.10 98.0 1.58866
3.15 96.9 1.39968
3.20 97.0 1.41589
3.25 95.0 1.12468
3.30 92.1 0.80543




3.35 90.8 0.69347
3.40 89.4 0.59024
3.45 88.0 0.50238
3.50 87.0 0.44774
3.55 85.9 0.39448
3.60 85.0 0.35566
3.65 82.5 0.26670
3.70 81.7 0.24324
3.75 80.5 0.21185
3.80 79.2 0.18240
3.85 79.1 0.18031
3.90 76.9 0.13997
3.95 75.9 0.12475
4.00 75.3 0.11642
4.05 74.3 0.10376
4.10 73.1 0.09037
4.15 74.2 0.10257
4.20 72.0 0.07962
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Passby Noise Calculations

References

[Calculate Train Passby Parameters

[He, et al., Investigation into External Noise of a High-Speed Train at Different Speeds, J Zhejiang Univ-Sci A (Appl Phys & Eng) 2014, 15(12):1019-1033

[Train Speed (V): 296 km/hr = 82.22 m/sec 'Paul, et al, High Speed Rail Noise Standards and Regulations, US DOT Federal Railroad Administration, Contract DTFR35-16-C00006, May 2017.
[Train Length: 200.19 m 10 cars: 2 end cars and 8 intermediate cars ’G. Xiaoan and J. Hua, "Application Research on Descending Vibration and Reducing Noise in Accelerating Speed Trains and Express Trains," Chinese
[Time for PassBy (T ) 2.434743243  seconds This is the time increment between nose of train passing [Academy of Railway Sciences (CARS) Research Report, Beijing Shi, China, 2003.
microphone and tail of train passing microphone. Hanson, C.E., et. al., High Speed Ground Transportation Noise and Vibration Impact Assessment, U.S. Department of Transportation, Federal Railroad
Time for TEL(T ) 2.80 seconds  TEL is the Transit Exposure Limit and represents the equivalent [Administration, Report Number DOT/FRA/ORD-12/15, September 2012.
A-weighted SPL over the time period beginning when the Gautier, P.E., Poisson, F., and Letourneaux, F., High Speed Trains External Noise: A Review of Measurements and Source Models for TGV Case Up to
instantaneous meter reading is 10 dB(A) less than L ‘and 360 km/hr, in Proceedings of the 8th World Congress on Railway Research (2008).
continuing through the passby event until the meter reading is European Union, "Commission Regulation Number 1304/2014, on the technical specification for interoperability relating to the subsystem ‘rolling
again 10dB(A) lessthanL stock — noise’ amending Decision 2008/232/EC and repealing Decision 2011/229/EU," Official Journal of the European Union, Brussels, Belgium, 2014.
Calculate L~
L peqr 1S the A-weighted equivalent continuous sound pressure level produced Microphone Position is 7.5 m from track centerline and 1.5 m above top of rail (Microphone Position 1).
by the train as measured during the passby event
where
T, 2 (f) T‘1 is the passby time interval = time when trail tail passes microphone minus time when train nose passes microphone = T,-T,
PA
J‘ —2 dr dB T] is the time when the train nose passes the microphone
1, Po T, isthe time when the train tail passes the microphone
PA([) is the A-weighted instantaneous sound pressure in Pa at time t
L req, €21 be calculated from the passby data using the following relationship: P, is the reference sound pressure: p, = 20pPa = 0.00002 Pa
T, 2 (’) i= e At isthe time increment between measured data points = 0.05 seconds
2 i i
J. —/ Lay dr = Z —a(l) At, PA(‘) is the A-weighted instantaneous sound pressure in Pa at passby time increment i
2 2 An analysis conducted during the current study indicated the integral can be determined numerically, with acceptable accuracy, by employing a midpoint Reimann sum scheme with a minimum
7. Po £ Po
1 i=1 Ati = 0.05 seconds, and the corresponding Pa(i) analog meter values. This approach is described in: Hughes-Hallett, Deborah; McCullum, William G.; et al. (2005). Calculus (4th ed.), Wiley. p. 252.
Data Point SPL Pascals |, 2/ 20 (:i2/ 2| Data Point SPL Pascals |, 2/ 2 12, 2| Data Point SPL Pascals [, 2/ 2 (12, 2| Data Point SPL Pascals [, rv2/ 20 112/ 2]
i P, (i i i P, (i ) i P (i i i P, (i] i
Number | Time (sec) | SPL dB(A) (Pa) (iY7/p,7 (i) /p, Number | Time (sec) [ SPL dB(A) ) (i/p,” (i) /e, Number | Time (sec) | SPL dB(A) Pa) 7 /p” ()b, Number | Time (sec) [ SPL dB(A) (Pa) (iY/p,(0)/p,
1 0.00 73.90 0.099090 2.45471E+07 23 1.10 97.40 1.482620 5.49541E+09 45 2.20 100.20 2.046586 1.04713E+10 67 3.30 90.70 0.685536 1.17490E+09
2 0.05 74.60 0.107406 2.88403E+07 24 1.15 96.30 1.306261 4.26580E+09 46 2.25 100.60 2.143039 1.14815E+10 68 3.35 89.40 0.590242 8.70964E+08
3 0.10 74.60 0.107406 2.88403E+07 25 1.20 95.50 1.191324 3.54813E+09 47 2.30 99.10 1.803142 8.12831E+09 69 3.40 88.00 0.502377 6.30957E+08
4 0.15 75.80 0.123319 3.80189E+07 26 1.25 97.30 1.465649 5.37032E+09 48 2.35 97.20 1.448872 5.24807E+09 70 3.45 86.60 0.427592 4.57088E+08
5 0.20 76.20 0.129131 4.16869E+07 27 1.30 99.40 1.866509 8.70964E+09 49 2.40 98.60 1.702276 7.24436E+09 71 3.50 85.60 0.381092 3.63078E+08
6 0.25 77.90 0.157047 6.16595E+07 28 135 98.60 1.702276 7.24436E+09 50 2.45 98.60 1.702276 7.24436E+09 72 3.55 84.50 0.335761 2.81838E+08
7 0.30 79.10 0.180314 8.12831E+07 29 1.40 96.60 1.352166 4.57088E+09 51 2.50 98.20 1.625661 6.60693E+09 73 3.60 83.60 0.302712 2.29087E+08
8 0.35 80.30 0.207028 1.07152E+08 30 1.45 96.00 1.261915 3.98107E+09 52 2.55 96.60 1.352166 4.57088E+09 74 3.65 81.10 0.227002 1.28825E+08
9 0.40 81.10 0.227002 1.28825E+08 31 1.50 96.50 1.336688 4.46684E+09 53 2.60 95.90 1.247470 3.89045E+09 75 3.70 80.30 0.207028 1.07152E+08
10 0.45 83.60 0.302712 2.29087E+08 32 1.55 96.90 1.399684 4.89779E+09 54 2.65 98.60 1.702276 7.24436E+09 76 3.75 79.10 0.180314 8.12831E+07
11 0.50 84.80 0.347560 3.01995E+08 33 1.60 96.80 1.383662 4.78630E+09 55 2.70 98.40 1.663528 6.91831E+09 77 3.80 77.80 0.155249 6.02560E+07
12 0.55 86.60 0.427592 4.57088E+08 34 1.65 94.90 1.111809 3.09030E+09 56 2.75 96.60 1.352166 4.57088E+09 78 3.85 76.70 0.136782 4.67735E+07
13 0.60 88.50 0.532145 7.07946E+08 35 1.70 95.70 1.219074 3.71535E+09 57 2.80 95.90 1.247470 3.89045E+09 79 3.90 75.50 0.119132 3.54813E+07
14 0.65 90.50 0.669931 1.12202E+09 36 1.75 96.60 1.352166 4.57088E+09 58 2.85 97.00 1.415892 5.01187E+09 80 3.95 74.50 0.106177 2.81838E+07
15 0.70 93.00 0.893367 1.99526E+09 37 1.80 97.60 1.517155 5.75440E+09 59 2.90 98.70 1.721988 7.41310E+09 81 4.00 73.90 0.099090 2.45471E+07
16 0.75 95.10 1.137706 3.23594E+09 38 1.85 96.10 1.276527 4.07380E+09 60 2.95 100.20 2.046586 1.04713E+10 82 4.05 72.90 0.088314 1.94984E+07
17 0.80 96.60 1.352166 4.57088E+09 39 1.90 97.70 1.534723 5.88844E+09 61 3.00 99.10 1.803142 8.12831E+09 83 4.10 71.70 0.076918 1.47911E+07
18 0.85 99.00 1.782502 7.94328E+09 40 1.95 99.90 1.977106 9.77237E+09 62 3.05 97.60 1517155 5.75440E+09 84 4.15 71.00 0.070963 1.25893E+07
19 0.90 98.90 1.762098 7.76247E+09 41 2.00 100.50 2.118507 1.12202E+10 63 3.10 96.60 1.352166 4.57088E+09 85 4.20 70.60 0.067769 1.14815E+07
20 0.95 97.70 1.534723 5.88844E+09 42 2.05 99.60 1.909985 9.12011E+09 64 3.15 95.50 1.191324 3.54813E+09
21 1.00 98.60 1.702276 7.24436E+09 43 2.10 97.60 1.517155 5.75440E+09 65 3.20 95.60 1.205119 3.63078E+09
22 1.05 97.70 1.534723 5.88844E+09 44 2.15 98.60 1.702276 7.24436E+09 66 3.25 93.60 0.957260 2.29087E+09
[Data Point Number for Start of Passby Event (time at which train nose passes microphone): 16 i=1 i=n Pa(i)?
ali
Data Point Number for End of Passby Event (time at which train tail passes microphone): 64 i-n thus, Z [—1] A = 1.51242E+10
2
=1 °
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Impact of Microphone Position References:
Microphone | Distance from 1o, i ion Above
o 5 iondi ions? » " .
Position Track Centerline Top of Rail (m) Applief to Regulationd in these Regions’ Comment L. Lu, X. Hu, Y. Zhang and X. Zhou, "Survey and Analysis of the Beijing-Shanghai High Speed Rail

(m)

us EU

China

Japan Noise," in The 215t International Congress on Sound and Vibration, Beijing, China, 2014.




1 7.5 12 X (TS12014) (TSI 1304 *G. Xiaoan and J. Hua, "Application Research on Descending Vibration and Reducing Noise in
2 7.5 3.5 X (TS12014) Also required forfspeeds > 250 km/hr Accelerating Speed Trains and Express Trains," Chinese Academy of Railway Sciences (CARS)
3 25 3.5 X (TSI 2008) X Reference for prd 2014 train sefs Research Report, Beijing Shi, China, 2003.
4 30 1.2 X X US and China mepsurement lodation “W. Elliott, "Request for Information Reference FOI13-580, Comparison of Measured Sound
Impact of microphone distance is determined from the following equation:* L =L - 10*LOG(d/d0), where L__is the equivalent A-weighted constant sound pressure level Levels for High Speed Trains as & Funetionaf Distance from Track,” High Speed Rall Two (HS2),
for the microphone at distance d0, and d is the distance for Ld. London, England, 2013.
Microphone | _Distancefrom ‘o, iion Above| o ) ”
Track t(:en)terllne Top of Ral (m) | pere 2 296 km/h dB(A) L g, 3 296 km/h (Pa) [Sound Pressure Variations for Microphone Positions and
i To convert dB(A) to Pascals: Pa =0.00002*(10(dBA/20)) Train Speed from 5
1 75 12 97.93 1576 To convert Pa to dB(A), dB(A) = 20*LOG10(Pa/0.00002)  [speed (km/hr) Leman()
2 7.5 3.5 100.66 2.159 Note: The simple sound level correction formula M1 M2 M3
3 25 3.5 86.16 0.407 underestimates the measured values. Therefore, 271 93.2 95.8 82.0
4 30 12 85.37 0.371 ratios based on actual measurements were used to 341 96.5 98.0 85.5
adjust for microphone location (table at right). 386 98.5 100.1 88.1

|Calculated Noise Metrics: Maximum Recorded Sound Pressure Levels

[The following calculations are for Microphone Position 1 '-,,m,mm, = maximum recorded passby sound pressure level

Lomoimam = 102.0 dB(A)  which occurs at data point 46 atpassby time 225 seconds

LMSMx is the maximum sound pressure level, slow and A-weighted and me =maximum sound pressure level, fast and A-weighted. The time period for the "slow" reading is 1 second. The time period for the "fast" reading is 0.125 seconds.

L 4sm €3N b calculated as the logarithmic average of the recorded SPLs for the 1 second time interval containing the highest values The logarithmic average for an Excel array is: {=10*LOG(AVERAGE(10"(ARRAY/10)))} array-entered, i.e. using CTRL-Shift-Enter keys
where array is of the form A10:A15. In the current case, the array is Pass-By Data Set 1, C:48:C68

Highest 1-second interval occurs from start time 15 to end time 25 Thus, lmm = 97.90 dB(A)

Similarly, meax can be calculated as the logarithmic average of the recorded SPLs for the 0.125 second time interval containing the highest values

Highest 0.125-second interval occurs from start time 2.15 to end time 2.275 Thus, L= 100.00 dB(A)

|Calculated Noise Metrics: Other Standard Parameters
IThe following calculations are for Microphone Position 1

L ey 15 the A-weighted equivalent continuous sound pressure level produced during the entire passby event, including approach, T, and departure (used for L, L, etc)
IThe calculation includes all of the passby data points.
Data Point Number for Start of Passby Event (time passby SPLs begin being recorded): 1 i=1 = ey
Data Point Number for End of Passby Event (time passby SPLs end being recorded): 85 i-n thus, Z [—2] At - 1.59169E+10 T,-T= 4.20 seconds
P
i=1 2
# s o .
- 1 Palr) =
= 101G | o [ ZPmdr | L™ 95.79 dB(A)
(2717, PO
ITEL is the Transit Exposure Limit* Itis measured over the time interval starting when the SPLis 10 dB(A) lower than L, __ and ending when the SPL again reaches a value that is 10 dB(A) lower than L,
TEL is calculated using the following formula: TEL=L, .., * 10*LOG(T /T ) TEL= 98.5392281 dB(A)
ISEL is the Sound Exposure Limit". LikeL, . itintegrates the total sound energy over a measurement period, but for SEL, the measurement period is normalized to a duration of 1 second. At a microphone distance of 30 m (100 ft), SEL=L ,  +10*LOG(Tp) +1
SELat30 m: 102.80  dB(A) SELat7.5m:  108.82 dB(A) SELat 25 m: 103.59 dB(A) using the distance correction factor: L, =L, - 10*L0G(d/d0)

SEL is the cumulative noise exposure (i.e. "dose") for a single noise event normalized over 1 second. The fact that SEL is a cumulative measure means that (1) louder events have higher SELs than quieter ones, and
(2) events that last longer in time have higher SELs than shorter ones.*

[Statistical Parameters

[The following parameters are determined by specifying the indicated percentile of the data values using Excel Function PERCENTILE(range,P).

where" range" is the array of values (e.g. K10:K68) and P = the percentile (between 0 and 1, for example, P for the 90th percentile would be entered as 0.9)

L,,is the sound pressure level for which 90% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. L= 7636 dB(A)
L, is the sound pressure level for which 50% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. L,= 97.30 dB(A)
L, is the sound pressure level for which 10% of the recorded values are greater. It includes lead-in (prior to nose passing microphone) and trail-off (after tail of train passes) data. Ly, = 100.46 dB(A)

ISummary of Passby Noise Metrics for Each Microphone Position

The noise metrics shown in the following table correspond to the baseline speed of 296 km/hr L=l 10*LOG(d/d0), where L is the equivalent A-weighted constant sound pressure level for the microphone at distance d0, and d is the distance for L
Microphone o 5 9 i . i 5
o Noise Metric: Table Entries are dB(A) Microphone Position Adjustment Factors'
Losars Lo Lypsman G || G TEL SEL Ly [ Ly, Speed (km/hr) M1 ™2 m3
1 97.9 102.0 97.9 100.0 95.8 98.5 108.8 76.4 97.3 100.5
2 100.7 104.8 100.6 102.8 98.5 101.3 111.9 785 100.0 103.3 271 1.000 1.028 0.880
3 86.2 89.7 86.1 88.0 84.3 86.7 95.7 67.2 85.6 88.4 341 1.035 1.052 0.917
4 85.4 89.0 853 87.2 835 859 94.9 66.4 84.8 87.6 386 1.057 1.074 0.945

Impact of Train Speed on Noise Levels
Ricardo evaluated several methods for determining the impact of train speed on passby noise levels. The approach developed by Gautier, Poisson & Letourneaux® provided the highest level of correlation with measured data is the basis for the calculations presented below.

LAEW (v)- LAEW(VD) =K \oglv/vu) where K is an empirical factor where V= train speed (km/hr) If the SPL is known at train speed Va, the SPL at train speed V can be determined from this formula
thus, Ly, (V) = Klog(V/V) +L, (V) Vo= reference train speed (km/hr)
IThe empirical factor K varies with train speed. This is because the contribution of noise sources (e.g. wheel/rail interaction, propulsion components, aerodynamics) vary with train speed. Ricardo calculated the K factor values for 12 passby noise data sets.
IThe relationship between the K factor and train speed is provided by the following equation:
K= a*V +b where a= 0.0625 and b= 25.00 Scale K factor for 80 mph so LpAqup =(17.93218/17.0460517)*30.000 where 30.000 is the original K factor for the Thalys at 80 km/hr.

V., for this train set is: 296 km/hr D146*Log(C146/D141) = -17.932180023 and it should be = -17.9321g toensurel . =80 dB(A) [ —SDS$146°LOGIC146/SDS141) +5E8152



IThe following tables contain the calculated variation with train speed for the various noise parameters described above:

Microphond Position 1 Noise [etric: Table Entries are dB(A)
Train Speed
(km/hr) K Lonearo L— Lonsman L CRv— TEL SEL Lo Ly Lo
80 31.5595 80.0 84.1 80.0 82.1 77.9 80.6 90.9 58.4 79.4 82.5
150 34.3750 87.8 91.9 87.8 89.9 85.6 88.4 98.7 66.2 87.2 90.3
200 37.5000 91.5 95.6 91.5 93.6 89.4 92.2 102.4 70.0 90.9 94.1
250 40.6250 95.0 99.0 94.9 97.0 92.8 95.6 105.8 73.4 94.3 97.5
300 43.7500 98.2 102.3 98.2 100.3 96.0 98.8 109.1 76.6 97.6 100.7
350 46.8750 1013 105.4 101.3 103.4 99.2 102.0 112.2 79.8 100.7 103.9
[Test Speed— 296 43.5000 97.9 102.0 97.9 100.0 95.8 98.5 108.8 76.4 97.3 100.5
Microphond Position 2 Table Entries are dB(A)
Train Speed
(km/hr) K Lears By L onsmax G By TEL SEL Lo Ly Lo
80 31.5595 82.7 86.9 82.7 84.9 80.5 83.4 93.9 60.6 82.1 85.3
150 34.3750 90.5 94.7 90.5 92.6 88.3 91.1 101.7 68.3 89.9 93.1
200 37.5000 94.3 98.5 94.2 96.4 92.1 94.9 105.5 721 93.6 96.9
250 40.6250 97.7 101.9 97.7 99.8 95.5 98.3 108.9 75.5 97.0 100.3
300 43.7500 100.9 105.1 100.9 103.0 98.7 101.5 112.1 78.7 100.3 103.5
350 46.8750 104.1 108.3 104.0 106.2 101.9 104.7 115.3 819 103.4 106.7
[Test Speed— 296 43.5000 100.7 104.8 100.6 102.8 98.5 1013 1119 78.5 100.0 103.3
Microphond Position 3 Noisk Metric: Table Entries are dB(A)
[Train Speed
(km/hr) K Lears Cemmy L onsma L Loneqpasy TEL SEL Ly Ly Ly
80 31.5595 68.2 718 68.2 70.1 66.3 68.8 77.8 49.3 67.7 70.5
150 34.3750 76.0 79.6 76.0 77.8 74.1 76.6 85.6 57.0 75.5 78.2
200 37.5000 79.8 83.4 79.8 816 779 80.3 89.4 60.8 79.2 82.0
250 40.6250 83.2 86.8 83.2 85.0 81.3 83.7 92.8 64.2 826 85.4
300 43.7500 86.4 90.0 86.4 88.2 84.5 87.0 96.0 67.4 85.9 88.6
350 46.8750 89.6 93.2 89.5 91.4 87.7 90.1 99.2 70.6 89.0 91.8
[Test Speed— 296 43.5000 86.2 89.7 86.1 88.0 84.3 86.7 95.7 67.2 85.6 88.4
Microphond Position 4 Nois¢ Metric: Table Entries are dB(A)
[Train Speed
(km/hr) K Lonears i Lonsman Lontmae [Sv— TEL SEL Lo L Lo
80 31.5595 67.4 71.0 67.4 69.3 65.6 68.0 77.0 48.5 66.9 69.7
150 34.3750 75.2 78.8 75.2 77.0 733 75.8 84.8 56.2 74.7 77.4
200 37.5000 79.0 82.6 79.0 80.8 77.1 79.5 88.6 60.0 78.4 81.2
250 40.6250 82.4 86.0 82.4 84.2 80.5 82.9 92.0 63.4 81.8 84.6
300 43.7500 85.6 89.2 85.6 87.4 83.7 86.2 95.2 66.6 85.1 87.9
350 46.8750 88.8 924 88.8 90.6 86.9 89.3 98.4 69.8 88.2 91.0
[Test Speed— 296 43.5000 85.4 89.0 853 87.2 835 859 94.9 66.4 84.8 87.6

IThe European Technical Standards for Interoperability (TSI) include two normalized values for L

PAEQ TP

IThe measurements are made at a lateral distance of 7.5 m from the rail centerline and 1.2 m above the top of the rail.

Procedures defined within the TSI to allow noise levels to be calculated at various train speeds based on measurements made at 80 km/hr (50 miles/h) and 250 km/hr (155 miles/h).

For the Thalys PBKA, no measurements were made at 80 km/hr and 250 km/hr: Thus, the Gautier method was used to calculate these values

can be found and are identified below:

From the Microphone Position 1 table above, the normalized values for me

The values are normalized to 80 km/hr and 250 km/hr.®

?:: —
1
E

o T T
0 100 200

300 400 500

Train Speed (km/hr)

The empirical factor, K, varies with train speed: it is on the order of 30 in speed
range to 300 kph and up to 50 for very high speed trains, for which aerodynamic

noise sources are dominant.

K = 0.0625(Train Speed, km/hr) +25

[ Values Obtained from Data Analysis | Value from TSI Formula

TSI Formulas

Loneats ot = 80.0 dB(A) 809 dB(A)
CI— 95.0 dB(A) 943 dB(A)

Lo BOKM/R = L

phcaTo!

L _(250km/h)=L

pheqTh!

searplVEESt) - 30 * log (vtest/80 km/h)
(vtest) - 50 * log (vtest/250 km/h)

pReaTp
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