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June 16-19

16th Sunday
12:00 - 19:00
14:00 - 18:30
16:30 - 16:50
17:00 - 20-30

EXFR L ¥

PROGRAMME AT A GLANCE

Congress Venue

Registration Desk Opens

HINCE Gonoral Assermnbly

Chairs Meeling

Opening Ceremony

Plenary Laclure, Ines Lipez Arteags

Musical Performance: Choir of the Polytechnic University of Madrid
Welcome Tapas-Cocktall

17th Monday Congress Venue
08:30 - 18:00 Registration Desk Open
06:00 - 18:00 Exhibition Open
08:00 - 12:00 Paraliel Sessions S.01

> 12:10 - 12:10 Plenary Lecture. Stephen A. Hambiric
1310 - 1430 Refreshmant Braak on Your Own
14:40 - 18:00 Parallel Sessions S.02
16th Tuesday Congress Venue

T 08:30-18:00 Registration Desk Open
08:00 - 18:00 Exnibition Cpen
09:00 - 12:00 Parafiel Sessions .03
12.10-13:10 Plenary Lecture: Jun Yang
13110 - 14:30 Refreshmant Braak on Your Own
14:40 - 16:00 Paralial Sessions 5.04
18:00 - 20:30 50th Anniversary SEA

Musical Performance: Spanish dance for Ballet Esancis ibérica
Cocktail liven up by the Tuna of the Polytechnic University of Madnid

19th Wednesday Congress Venue
08:30 - 14:00 Rogisiration Desk Open
09:00 - 14:00 Exhibition Open
09:00 - 13:.00 Paralel Sessions S.05
13:00 - 14.00 Refreshment break on Your Own
13:00 - 14:00 FTCP Moeting
14:00 - 15:00 IMNCE Plenary Leclure: André Frebig
15.00 - 17:30 Closing Cetamony

Farowell Recaption affered by INTER-NOISE 2020
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1 o Reorganization

« Information on the appropriate level and type

of assessment
. Sereeming, general of detalled assessment
Tranwit ar multi-modal project
- Approptiate criteria for the project
« Datailed Information on noise and vibration
fundamentals now in an appendix

« Step method approach to the ¢
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) The Current Status of Natural
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4 L 1456 Ventilation - Enabling Noise Reduction
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. Partitions with Different Configurations
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measures applied to acoustic windows
Noise control through open windows -
7 2086 .
A solution model
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NOISE AND . .
8 1487 Metropolis: assessment of healthy life
HEALTH:
years lost
GENERAL
TS.08.02. Noise sensitivity and dwelling
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Health EFFECTS OF among schoolchildren
Effects NOISE; Assessment of health effects of aircraft
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Railway Induced Groundborrne Noise
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13 1589 AND And Vibration From Lines In Tunnel,
Paris Rer E “Eole” Project
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. Semi-exclusive Bus Lane
Mapping, PLANNING AND
Soundscapes LANDSCAPE
GAO0G. TS.15.05. NEW . . .
. Consistent Active Sound Generation
15 | Transportati 1247 SOUNDS OF ) )
. Concept for Hybrid vehicles
on Noise A E-VEHICLE
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1. Noise Control Measure at ITAMI (P & % IR F'%Z 39 5 #3414 % )
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i %822 2>%406.38mm X KRBT FE-B) EFTIZDTF P £ 5
P g HR o E i b ¢ ® 1 50mm H 4e 3] 200mm BF 0 R’ w - 33 dB
o325 dBe (W AT =2 gp\%\aif@?k M B o R
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40
o W Vertical and
=) horizontal sides
_;_ 35 36 M Veriteal sides
E 33
= 33 No absorptive
9 .
Z 30 4 material
& 28
B 15
A 9 3
5
;’;
<
= 20 A
2
= 19
L 18
& 17
15
Closed double  Closed single 50 mm 100 mm 200 mm
glazing pane
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3. Land Traffic Noise Management at Recipient’s End in Singapore (#74c
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4.The Current Status of Natural Ventilation - Enabling Noise Reduction
Devices in Urban Green Buildings ( f 2R3 b eI/ — 3387 % d 2 R
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5.Sound Insulation of Ventilation Partitions with Different Configurations
(2 PRl RF R ) w2 F 2R TS A4k

kg AT s o B4 B € (Housing and Development Board,
HDB) e % > B 5 Pv’iﬂa 23 BE A EREEGERFE S o 2 L
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o ¥HARIT X M AE B A ABERHITZ A2 o FRAREIR kR chid B 2 2
—E»Lr’aé B e z}&f;fr@mﬁ G o fe e 1 AR R 0 dofe A RdE R A
S ke /o5 FEfRA
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NOISE CONTROL FOR A BETTER ENVIRONMENT

Evaluation of transport related noise exposure to residents in
Taiwan metropolitan area

Pei-Hsiou Ding*, Sheng-Zhong Wu?, Jen-Shou Hsieh?

123Department of Air Quality Protection and Noise Control
Environmental Protection Administration, Executive Yuan
14F No.83 Sec.1 Chunghwa Rd., Taipei, Republic of China (Taiwan)

ABSTRACT

With increasing density of urban population and completion of railway
construction, noise pollution has become an important issue in Taiwan in last
decade. This study aimed to evaluate the relationship between railway noise, speed
rate and noise effect in metropolitan areas in Taiwan. Both general and high-speed
railway noise were measured in Taipei and Taichung metropolitan areas from
2017 to 2018. Analyses indicated that relationship between railway noise level and
speed rate logarithm of the general railway train is 35 log(v), while that with high-
speed railway is 30 log(v). And sound insulation between indoor and outdoor
under closed door/window condition is 20 dB(A), while with open door/window
condition is 10 dB(A) in residential area close to the railway. Taiwan
Environmental Protection Administration (EPA) plans to launch technical
approaches including improved solar panel noise barriers along railway and active
control type soundproof windows to achieve environmental sustainability goals for
noise reduction, carbon reduction and pollution reduction.

Keywords : railway noise, metropolitan area, active control type soundproof window,
solar panel noise barrier
I-INCE Classification of Subject Number: 13

1. INTRODUCTION

Due to increasing density of urban population, various living lifestyles and
intensive use of land in Taiwan, newly constructed residential buildings may be close to
main traffic roads in metropolitan areas. Railroad related noise has become an important
issue in Taiwan in last decade. In order to reduce impact of noise pollution on residents
along railroad, it is necessary to understand the characteristics of noise sources, sound
insulation between indoor and outdoor under closed door/window condition residential
area. This research aimed to evaluate the relationship between railway noise, speed rate
and noise effect in metropolitan areas in Taiwan.

According to High-Speed Ground Transportation Noise and Vibration Impact
Assessment by Federal Railroad Administration (FRA) of US Department of
Transportation, the effective height of radiation rolling noise between wheels and rails

! phding@epa.gov.tw
? shengjong.wu@epa.gov.tw
? jshsieh@sun.epa.gov.tw



is about 0.6m above the orbital plane. With increasing speed of train, the increment of
rolling noise is much bigger than that of propulsion noise. The regression coefficient of
speed and railway noise was 30. When the speed reached to 290 km/h, pneumatic noise
becomes more apparent by the high-speed airflow flows across the train. And the typical
relationship is 60 to 70 times of rate logarithm by train ™.

In Japan, Nagakura Kiyoshi and Zenda Yasuo identified four noise sources of
high-speed railway (Shinkansen N700 series) , which included wheel-rail noise,
locomotive noise, pneumatic noise, and power collection system noise. And proposed a
calculation formula for noise source SWL?. A French study found that the rollin
noise is the main noise source of high-speed trains (TGV) with increasing speed [,
And the correlation coefficient of speed and railway noise was 0.93, and the regression
coefficient was 30.4" > ®. The causes of noise level difference between indoor and
outdoor environment are related to many factors including building characteristics,
outer wall types, room capacity, outdoor noise sources and window types. According to
our comprehensive analysis of literatures, sound insulation between indoor and outdoor
under open and slightly open window condition were 10 dB(A) and 15 dB(A). However,
sound insulation between indoor and outdoor was about 25 to 30 dB(A) with tilt-in
windows(Table 1).

Table 1 Comparison of results of indoor/outdoor L.y noise level difference found in
foreign related researches [ %

Window Position
Researcher Noise source dB(A)
open tilted closed
. . 11.3 30.1
Freight Trains 18.6 (10
g @ (10) (13)
DLR . 11.9 29.7
Trains Passenger 18.0 (10
g @ (10) (13)
11.6 30.1
Road 17.7 (10
@ (10) (13)
134 27.0
DLR Road @ 13.7 (32) (15)
. 10.0 25.6
Aircraft 15.3 (32
@ (32) (15)
EEA 5~10 10~15
10.0 (115) 15.8 (116) 27.8
Barbara Locher Road 17-173 8.7-91 7 (76)
' ' ' ' 16.2~38.0
NOiSe SOUrce Window Position
Researcher Tvoe dB(A)
P open tilted closed
Scamoni Reference Road 31.2 (334)
10.7 (11)
Ryan Road 5.4(vacant)~14.7
Maschke Aircraft 12
FOEN Aircraft 15 25
Jansen Aircraft 15
Pabst Aircraft 24~35

Note: Figures in parentheses refer to number of positions analyzed. DLR stands for German Aerospace
Center. FOEN stands for Federal Office for the Environment (Switzerland). EEA stands for European
Environment Agency.



2. Research method

2.1 Characteristics of train noise sources

(1) In-situ measurement

This study measures the noise level of various types of trains with general
railways and high-speed railways (THSR 700T series) under different speeds with
the following conditions: (a) measuring instrument: RION NL32 noise meter, (b)
measuring time and indicator: A-weighted slow feature event equivalent sound
level (Laeg), (C) measuring sites: wayside embankment sections without parapet
walls or soundproof walls and horizontal alignment is straight line without
switches (speed: general railway <200 km/h, THSR 700T =200 km/h), (d)
measuring location: for general railway, the noise meter is about 3.8m
horizontally from the center line of rail, and 0.5m vertically from the track surface
(as shown in Figure 1). For high-speed railways, the noise meter is about 25m
horizontally from the the center line of rail,and 1.5m vertically from the track
surface (as shown in Figure 2), (e) measured types of trains (as shown in Table 2):
for general railway, 14 trains included local trains, Tze-Chiang Limited Express,
Chu-Kuang Express, and Puyuma Express. For high-speed railway, 21 THSR
trains included northbound 700T and southbound 700T, (f) speeds of trains: 48.0
to 115.2 km/h for general railway, 157.6 to 281.3 km/h for THSR.

¢ ¢
Sectional view . . Sectional view ) .
Measuring point Near rail Farrail Measuring point Near rail Farrail
IO.Sm i 1 : I1 5m ; ! :
Track surface : L ! Track surface £ ]
[T 11 B I | I I |

Floor plan

Floor plan

3.8mji
Measuring point

Figure 1 Diagram of in-situ measurement
position for general railways

ZSmL
Measuring point

Figure 2 Diagram of in-situ measurement
position for THSR

Table 2 Number of measurements of train noise sources

1. General Railway 2. THSR
Direction ) @) rze- () G- @3) )
. Chiang Kuang
Local trains Puyuma Express 700T
Express Express
Southbound 9 3 1 1 11
Northbound — — — — 10




(2) Theoretical formula

This study aimed to explore the logarithmic relationship between the increment
of train event equivalent sound level (Laeq) With increasing speed (general equation is
shown in Equation 1). We performed a linear regression analysis on measured results
to obtain the regression coefficient, namely the relationship between noise level and
train speed.

L peq (V) — L g (V) = k x log (viv,) _

where v refers to train speed (km/h); vO refers to reference train speed (v0=1); k
refers to regression coefficient.

Aeq

2.2 Sound insulation between indoor and outdoor

The main purpose of measurement is to understand the sound insulation
(transmission loss) and indoor/outdoor sound attenuation of the building under open
or closed door/window condition (Figure 3). RION NL-32 noise meter (Japan) is
used for measurement. For the road system, conditions such as 5-minute A-weighted
equivalent sound level Laeq (20 to 20,000 Hz), maximum noise level Lamax, and fast
feature are adopted. As for the railway system, noise event A-weighted equivalent
sound level Laeq (20 to 20,000 Hz), maximum noise level Lamax(event), and slow
feature are adopted. Measures of each train (about 3 trains) were averaged. And 26
measurements were made in total (Table 3). Indoor and outdoor measurements were
made simultaneously in order to catch the same noise event. The outdoor noise meter
was placed about 1.5m vertically from the extension line of the ground or floor and
about 1.5m horizontally from the wall. The indoor noise meter was placed about
1.5m vertically from the ground or floor and about 1.5m horizontally from the door
and window.

Open windows losed window:

(2] (2}
Indoor/outdoor Indoor/outdoor
Simultaneous measurement Simultaneous measurement
Penetration loss and Penetration loss and
indoor/outdoor attenuation indoor/outdoor attenuation door/outd . |
with open windows with closed windows Indoor/outdoor simultaneous

measurement

Figure 3 Diagram of conditions for indoor/outdoor noise measurement in residential
areas
Note: ®9 refers to the sound receiving point for indoor/outdoor simultaneous measurement.

Table 3 Number of measurements of indoor/outdoor noises in residential areas

1. General 2. Ground road . .
. 3. Ground rail transportation system
Type of roads transportation system
transport
(D Urban 4y £roaway (2) @ MRT | @ General | gy e
roads Expressway railway
Measurements 1 7 2 4 10 2




3. Results

3.1 Regression analysis between noise level and train speed on general railways
The relationship between noise level and rate logarithm of the southbound
near-rail train is shown as Figure 4. And the regression formula is shown as
Equation 2. The regression coefficient (k) is 35.1 and correlation coefficient is 0.93.
With increasing train speed, the increment of raild noise level has a highly positive
trend.

y = 35.112X + 22.637 Eq. 2
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Figure 4 Relationship between noise level and rate logarithm of general railways
southbound near-rail trains

3.2 Regression analysis between noise level and train speed on THSR
(1)Southbound near-rail train
The relationship between THSR noise level and rate logarithm is shown in Figure
5. The range of speed we measured was from 191.9 to 281.3 km/h. The regression
formula is shown as Equation 3. The regression coefficient (k) is 29.73 and
correlation coefficient is 0.89.

y = 29.734x +16.433 Eq. 3

(2)Northbound far-rail train
The relationship between noise level and rate logarithm is shown in Figure 6. The
rang of speed is 157.6 to 262.9 km/h. The regression formula is shown as
Equation 4. And the regression coefficient (k) is 30.87 and correlation coefficient
is 0.83.
y =30.869x +12.542 Eq. 4
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Figure 5 Relationship between noise level and Figure 6 Relationship between noise level and
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3.3Indoor and outdoor noise level
(1)Sound insulation with closed doors/windows

We measured indoor and outdoor railway noise simultaneously (20 to
20,000 Hz) with closed doors/windows. Figure 7 and Figure 8 showed the
correlation coefficient less than 0.5, which indicated low linear correlation
between the two variables (indoor/outdoor noise levels). In other words, the noise
was more affected by the path media (door/window frame and glass) passing
through doors and windows. The indoor/outdoor noise level difference under
closed doors/windows condition is mainly related to the door and window frame
materials and glass types. And the average sound insulation with closed (doors)
windows is 20 dB(A).

For air as sound transmission medium, adequate soundproof windows, and
good construction quality, it should be sufficient to block the noise from enter into
the building. However, low frequency noises (20 to 200 Hz) may be transmitted
into or out of the building through other building structures than windows.
Besides, since low frequency noises have longer wavelength, only structures with
bigger surface density can effectively block the sound transmission. On account of
the above possible influencing factors, the analyses on measured noise values
under closed (doors) windows condition showed that sound insulation for full
frequency noise is better than that for low frequency noises (Figure 11). It
indicated that the soundproof effect for full frequency noise is better.
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Figure 7 Linear regression of Figure 8 Linear regression of
indoor/outdoor L., (20 Hz~20,000 Hz) with indoor/outdoor L. with closed (doors)
closed (doors) windows windows



(2)Sound insulation with open doors/windows

We also measured indoor and outdoor railway noise simultaneously (20 to
20,000 Hz) with open doors/windows. Figure 9 and Figure 10 showed the
correlation coefficient is 0.87, which indicated high linear correlation between the
two variables (indoor/outdoor noise levels). We found that the noise level was
less affected by the path media (door/window frame and glass) passing through
doors and windows. As shown by above preliminary results, the factors that
affect the indoor/outdoor noise level difference with open (doors) windows are
mainly related to the indoor space, sound absorbing ability, and the position of
opened doors and windows. According to the preliminary measuring results,

average sound insulation with closed (doors) windows is 10 dB(A).
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Figure 9 Linear regression of Figure 10 Linear regression of
indoor/outdoor L.y (20 Hz~20,000 Hz) with indoor/outdoor L. With open (doors)
open (doors) windows windows

4. Discussion

4.1 General Railway
(1)Compare with related literature

The regression analysis on different train types of general railways
measurements showed that the relationship between noise level and rate logarithm
is about 35 times (35log(Vv)), which is slightly higher than the previous US, Japan,
and France related study findings (30 times). The train type used in our study is
Electric Multiple Unit (EMU), of which the traction power is separately deployed
on each car. In other words, the power components or air compressors are evenly
distributed under the train. Since the power of the train belongs to the dispersed

type, the noise level may also be affected by power components.

(2)Estimation of train noise level under different speeds

The above-mentioned regression empirical formula (Equation 2) was used to
estimate the train noise level under different speeds, such as 50 km/h, 60 km/h,
and 110 km/h (as shown in Table 4). The estimation point was located about 3.8m
horizontally from the near-rail centerline and about 0.5m vertically from the track
surface, which was pretty close to the noise source end. It can be estimated that
every increase of 20 km/h of the train speed may cause the noise level to increase

about 3to 5 dB(A).



Table 4 Estimation of general railway train noise level under different speeds

VU: dB(A)
Operating
speed 50 60 70 80 90 100 110
(km/h)
Southbound
near-rail 82.3 85.1 87.4 89.5 91.3 92.9 94.3
noise level

Note: The estimation point is about 3.8m horizontally from the near-rail centerline and 0.5m vertically from the track surface. No
parapet walls or soundproof walls built beside the rail track.

4.2 High-speed Railway

(1)Compare with related literature
The regression analysis on measured results on THSR 700T shows that the
relationship between noise level and rate logarithm is about 30 times (30log(v)),
which is consistent with results found in previous research from the US, Japan,
and France, indicating that this feature exists in wheel-rail rolling noise of all
high-speed trains from different countries and does not apparently change with the
locations or train types. The speed range we adopted in this study is 157.6 to
281.3 km/h. Due to the limitation of THSR 700T’s operating speeds, the train
noise level under higher speeds cannot be measured. However, the results show
that even when the train speed reaches 280 km/h, wheel-rail rolling noise is still

the main noise source.

(2)Estimation of train noise level under different speeds

The above-mentioned regression empirical formula (Equation 3 and 4) were
used to estimate the train noise level under four THSR operating speeds (285
km/h, 230 km/h, 170 km/h, and 120 km/h), and results are shown in Table 5. We
found the estimated noise level reducing with the decrease of train speed.
Particularly, when the train speed decreases to 170 km/h, the noise level at the
estimation point (about 25m horizontally from the near-rail centerline and about
1.5m vertically from the track surface) has reduced to be lower than the maximum
mean noise level (85 dB(A)) stipulated by the EPA Noise Control Standards. The
results may serve as reference for determining train operating speeds at noise-
sensitive sections without affecting the operating practices and train dispatching
when soundproof walls do not work very well or are not adopted.

Table 5 Estimation of THSR train noise level under different speeds

VU: dB(A)
Operating speed (km/h) Southbound near-rail noise level Northbound far-rail noise level
285 89.4 88.3
230 86.7 85.4
170 82.8 81.4
120 78.3 76.7

Note: The estimation point is about 25m horizontally from the near-rail centerline and 1.5m vertically from the track surface. No
parapet walls or soundproof walls built beside the rail track.




4.3 Indoor/outdoor noise level difference

In the metropolitan area, the equipment we used that tends to produce low
frequency noises (such as cooling tower, air conditioning system, exhaust fan, and
pumping motor), which was often used and over development causing more
residential communities to be located next to traffic arteries or overpasses. Therefore,
the noise made by these mechanical power machines in operation and the acoustic
resonance generated by transportation may be transmitted to people’s residence
through building structures, such as roof beams, columns, floors, and walls.

In addition, thin building structures, inadequate cement grouting, and cracks in
the wall may also be possible factors that cause increase of low frequency noises or
poor soundproofing performance. Due to the above possible influencing factors,
analysis on measurements with condition of open windows (Figure 12) showed that
the indoor/outdoor sound insulation of full frequency noises and low frequency
noises didn’t show a specific regularity. Therefore, doors and windows are important
factors that influence soundproofing performance.
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Figure 11 Noise level difference (sound
insulation) of full frequency (20 Hz~20,000
Hz) and low frequency (20 Hz~200 Hz)
indoor/outdoor L.qwith closed (doors)
windows

5. Conclusions and Recommendations

Figure 12 Noise level difference (sound
insulation) of full frequency (20 Hz~20,000
Hz) and low frequency (20 Hz~200 Hz)
indoor/outdoor Lqwith open (doors)
windows

5.1 Conclusions
(1) Characteristics of train noise sources

The regression analysis on measured results on different train types of
general railways shows that the relationship between noise level and rate
logarithm is about 35 times (35log(v)), slightly higher than the 30 times
(30log(v)) found in related research literature on high-speed rail wheel-rail
noise from the US, Japan, and France. The relationship between noise level
and rate logarithm of THSR trains is about 30 times (30log(v)), which is
consistent with the results found in related research literature from foreign
countries.

With preliminary empirical regression formula, it can be estimated that
every increase of 20 km/h of the speed of general trains may cause the noise
level to increase around 3 dB(A)~5 dB(A). When the speed of THSR trains
decreases to 170 km/h, the maximum mean noise level of operating trains
should be lower than the 85 dB(A) stipulated by the EPA Noise Control
Standards. The results may serve as reference for determining the thinking
direction of operation and management under the conditions of without
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spending huge noise countermeasures cost or affecting the train dispatching
operation (for example, increasing train speed at sections with less
population).

The 30log(v) relationship between noise level and rate logarithm is still
true at least when the train speed reaches 280 km/h, which confirms that
wheel-rail rolling noise is the main noise source of THSR trains. Since the
wheel-rail rolling noise falls into the frequency band that is sensitive to
human ears, this noise source is in need of urgent improvement. Therefore,
control measures should be formulated in accordance with the characteristics
of this noise source.

(2) Indoor/outdoor noise level difference

In both actual measurement and regression analysis, the indoor/outdoor
noise level difference with closed (doors) windows is about 20 dB(A), while
that with open (doors) windows is about 10 dB(A). In other words, the noise
level difference with open or closed (doors) windows is about 10 dB(A).
With closed (doors) windows, the noise level difference is more affected by
the path media (door/window frame and glass) passing through doors and
windows. On the other hand, with open (doors) windows, the noise level
difference is mainly related to the indoor space, sound absorbing ability, and
the position of opened doors and windows.

The results of in-situ measurement show that the sound simulation of
doors and windows is less than the Sound Transmission Class (STC) used in
the lab. The soundproof effect of doors and windows is better for full
frequency noises (20 Hz~20,000 Hz) and relatively poor for low frequency
noises (20 Hz~200 Hz).

5.2 Recommendations

It is advisable to conduct repeated measurements and obtain empirical
results of more train types and under more train speeds, so as to further verify the
relationship between noise level and train speed. In the future, it is advisable to
conduct measurements through microphone array in order to further analyze the
noise characteristics and contribution of each noise source in trains of both
general railway and high speed railway.

If the doors and windows of the residential building are usually closed, it is
advisable to improve sound insulation by using strengthened frame materials for
doors and windows and adopting glass types with higher STC. On the other hand,
if the doors and windows of the residential building are usually open, it is
advisable to improve sound insulation by adjusting the position of opened doors
and windows and adopting mechanical ventilation.

Taiwan EPA planned some innovative and sustainable noise reduction
practices to deal with environmental traffic noise effect to residents. As following:

(1) Solar panel noise barriers
A. First stage:
We Use green-energy materials (such as solar panels) to modify the
existing soundproof walls or add green-energy material modules to the
design of new soundproof walls. Evaluate the feasibility of applying
green-energy materials to the ground transportation system for the purpose
of reducing pollution, carbon emission, and noise. ( Landscape simulation

as Figure 13)
10



B. Second stage:
Use estimation models to analyze the effectiveness of pollution, carbon,
and noise reduction when applying renewable energy to the ground
transportation system. Use the measured results to evaluate the feasibility
of renewable energy to other systems.

(2) Active control type soundproof walls

A. First stage:
Run a trial on active soundproof walls for the purpose of reducing noise
levels (including low frequency noises) without having to close the
windows. The goal of noise reduction is over 10 dB(A) in order to allow
the residents to feel the same quietness as when windows are closed and
enjoy a quiet and ventilated indoor space so as to reduce their use of air
conditioning and electricity expenses.

B. Second stage:
Make every effort to reduce the size of active facilities, enhance their
performance, and reduce their cost. Integrate noise reduction devices into
windows to make the windows more pleasing to the eye. In the future, it is
hoped that different noises can be identified to ensure that not all noises be
eliminated, such as alarm sound. Besides, consider the possibility of
integrating soundproof functions into personal mobile devices to allow
residents to eliminate the annoying noises as they wish, such as road noise,
railway noise, and construction noise.
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Figure 13. Landscape simulation

«SEEE

GEoEEEa050 550
S Smmm
c
2
—
(&}
S
|-
4
[7p)
C
o
(&}
|-
[«B]
&
<
c
2
—
(&}
S
-
—
wn
c
o
Q@
(D]
S
o

12



i A —



MADRID
inter.noise 2019
June 16 - 19

NOISE CONTROL FOR A BETTER ENVIRONMENT

Evaluation of transport related
noise exposure to residents in
Talwan metropolitan area

Dr. Pei-Hsiou Ding

Department of Air Quality Protection and Noise Control
Environmental Protection Administration, Executive Yuan,
R.O.C. (Taiwan)

2019.6.19
1
et inicnote 2010 o\ BB
e AT T
NOISE CONTROL FOR A BETTER ENVIRONMENT
€ Background

€ Research purpose
&€ Research methods
¥ Results and discussion

€ Conclusions and recommendations




Background

P . v
st inrncie 2010 PN TSR

June 16 - 19 Environmental Protection AQminigqutiqn
NOISE CONTROL FOR A BETTER ENVIRONMENT Executive Yuan, R.O.C. (Taiwan)

Whereis Taiwan?

Taipei City
Lienchiang County Taipei City. }(egillt;’ng
o L
Taoyuan
Count
Hsinchu o
City,
Kinmen County r neih 2
: J Miaoli
¥4 County

Nantou

Penghu County County Hualien
n County County
Chiayi "<, Chiayi

; City County

® Area: 36,192 knm"
® Population: 23 million
® Population density: 650 people/kny .




» Central authority: ;
Environmental
Protection
Administration (EPA)
» Local government
authority: 22 EPBs

i

MADRID Y= ‘%2, ] &AL
inter.noise 2019 PO\ W be B B R alf
June 16 - 19 Environmental Protection Administration

Executive Yuan, R.O.C. (Taiwan)

NOISE CONTROL FOR A BETTER ENVIRONMENT

98,000

93,000

88,000

83,000

78,000

73,000

68,000

Noise complaint distribution in Taiwan

2013 2014 2015 2016 2017




MADRID
inter.noise 2019

m June 16 - 19

NOISE CONTROL FOR A BETTER ENVIRONMENT

RBHEERIEEER

Taiwan Railways Administration

©OTaipel

Tra?\:portation Taipei City
©Taichung i Taoyuan County ' &
Transportation Hainchu'” Or=-r _-". ;]
©Kaohsiun 1. Hsinchu Xinbei
Transpongﬂon :C'tvf'::ounty'd. E‘ll‘y ?" /
©Ylilan U Miaoli o =™ 4 ilan County
Transportation | ¢ounty »% ?
©Hualien ! /4 9 ’
' Transportation " h ;
Taichung City /4 ’
) I
1/ Nantou # Hualien County
County
-

V

,
' 4
Kaohsiung City 'P--? 'P aitung County
.r' “’
L8
S

Pingtung County

Stations: 228
Operating Length: 1,065 km

N\ BB R

Environmental Protection Administration
Executive Yuan, R.O.C. (Taiwan)

Y /
Lt P =
EEEE Z <=

Taiwan High Speed Rail

Taipei
020 Nangang
Banciao
¢ Hsinchu %%
4 #m

Taoyuan’s

Miaoli

® TaiEHAung
o “Changhua

Yunlin

¢ Chiayi

© Operational
Planned for 2012
© Planned

Stations:12
Operating Length 350 km

( ~ Research purpose




m ’;AnAtI:F:-I.Dnoile 2019 ’\ f ﬂl&mfmiﬁﬁ{ "Eg

June 16 - 19 rnm tIP otection Administratio
e Yuan, R.O.C. (Taiwan )
NOISE CONTROL FOR A BETTER ENVIRONMENT

€ To explore the correlation between train
speed and railway noise

€ Evaluation of railway noise exposure to
residents in metropolitan area

&€ Innovative and sustainable noise reduction
practices in Taiwan

Research methods

10




MADRID
inter.noise 2019
June 16 - 19

NOISE CONTROL FOR A BETTER ENVIRONMENT

A NL R i 2

Environmental Protection Administration
Executive Yuan, R.O.C. (Taiwan)

Literature review

|

v

v

Relationship between
train speed and noise

Indoor/outdoor noise
differences in residential

level area
Statistical Analysis
Results
Recommendations
(Innovative and sustainable practices) 11
m inter.noise 2019 O\ ﬁi[ﬁll%&fﬁ{%ﬁﬁ% .
June 16 - 19 Environmental Protection Administration
NOISE CONTROL FOR A BETTER ENVIRONMENT Executive, Yuan. R-&:C: (Taiwan)
€ ¢
Sectional view : Jpr—— . Sectional view 5
Measuring point Nearrail : Far il 1 Measuring point
2 38m5/( ‘ i i o 25m §§
Io-sm'ﬁm;ksm'faoe T 3 T E7T_I """" f_f_i: 1.5mm surface
[ | [
Floor plan N:El""“““ Floor plan
—— — — — —— —
= Southbound
2

3.8ml
Measuring point

Fig.1 In-situ measurement
position for general
railways (14 trains)

Fig.2 In-situ measurement
position for THSR (21 trains)

12




m ';AnAtDeT.DnoiJe 2019 m ?Tﬂ“)f%ﬁf%,@%

June 16 - 19 Environmental Protection Administration

Executive Yuan, R.O.C. (Taiwan)
NOISE CONTROL FOR A BETTER ENVIRONMENT

Theoretical formula*

The logarithmic relationship between the increase of event
equivalent sound level (l.,) and train speed

L peq(V) — L agg(Vo) = kxlog(viv,)

Aeq
where v refers to train speed (km/h); y refers to reference
train speed (y=1); k refers to regression coefficient

* References :

High Speed Trains external noise : a review of measurements and source models for the TGV case up to
360km/h. P.-E Gautier(1), F; Poisson (1), F; Letourneaux (2)

(1)SNCF, Paris, France; (2)SNCF, Vitry, France
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Relationship between THSR train speed and noise level

B TERAE R R N AW ISR THEES T RETTIEY |
90.0 %00
89.0 - y=29.734x + 16.433 ) °
R2=0.8903 88.0 y=30.869x+12542 .
R?=0.8335

88.0
I — 860
2 3
2 g0 g
= £ 840

86.0 o re

L]
82.0 |
85.0
Y L]
84.0 s 80.0
83.0 78.0
225 23 235 24 245 25 215 22 2.25 23 235 24 2.45
log(v/vo) (vo=1) log(v/vo) (vo=1)

Fig. 5 Noise level and rate logarithm
of THSR southbound near-rail trains

Fig.6 Noise level and rate logarithm
of THSR northbound far-rail trains

18




i

MADRID

inter.noise 2019
June 16 - 19

NOISE CONTROL FOR A BETTER ENVIRONMENT

A NL R i 2

Environmental Protection Administration
Executive Yuan, R.O.C. (Taiwan)

Estimation of THSR train noise level under different speé

- Southbound near-rall Northbound far-ralil
Operating speed (km/h) = 5icejevel, dB(A) noise level, dB(A)
285 89.4 88.3
230 86.7 85.4
170 82.8 81.4
120 78.3 76.7
19
Pt i 010 O\ TEERARAR

NOISE CONTROL FOR A BETTER ENVIRONMENT

Executive Yuan, R.O.C. (Taiwan)

Indoor/outdoor noise difference withclosed door/window condition

<

o

4
C

75.0

: L. 2z ® =NSleg
BA% : ERSLZLER 2 e

70.0

65.0

60.0

55.0

50.0

y=0.8755x-8.7313
R?=0.4838

o

50.0

55.0 60.0

650  70.0
E5ERABA)

75.0

80.0 85.0

ERFRAB(A)

90.0

50.0

B : EPSIZL B R

® ZE[N¥pLmax
— & E(E P95 Lmax)

y = 0.8556x- 6.7435
R2=0.44

50.0 55.0 60.0 65.0 70.0 75.0 80.0 85.0 90.0 95.0

E4EFRAB(A)

Fig.7 Distribution of indoor/outdoor
noise level difference ( L, 20 Hz to
20,000 Hz) with closed doors/windows

Fig.8 Distribution of indoor/outdoor

noise level difference (l,,) with
closed doors/windows
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Indoor/outdoor noise difference withopened door/ window condition

: (= ® EShleq : L == ® =[PyShlmax
B : ERSNZL o H 2 rrsiien) B : ERSNZL B 2 rstiman)
90.0 90.0
= 0.8593x+ 1.2143 . V= 0.8365x+ 2.9159 e
80.0 / 80.0 .
—_ —_ .
< 750 . < 750
2 A 2 *
.
B 700 - B 700 . .
Eﬂl o o0 Eﬁ:ﬂ y<L
N 650 o .o W 650 /:/- -
C}
60.0 < 60.0 S
L]
55.0 55.0
50.0 50.0
500 550 600 650 700 750 80.0 850 90.0 95.00.a 50.0 60.0 70.0 80.0 90.0 100.0 110.0
EHNERAB(A) ESNERAB(A)

Fig.9 Distribution of indoor/outdoor Fig.10 Distribution of indoor/outdoor
noise level difference ( L, 20 to 20,000 noise level difference ( L;,) with
Hz) with opened doors/ windows opened doors/ windows
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Comparison of results of indoor/outdoor Leq noise level in
previous researches

; i Window PositiondB(A)
Countries Noise source Typ
Open closed

Freight Trains 11.3(4) 30.1 (13)

DLR, 2010 Trains Passenger 11.9 (4) 29.7 (13)
Road 11.6 (4) 30.1 (13)
DLR, 2006 Road 13.4 (4) 27.0 (15)
EEA 5-10
Barbara Locher et Road 10.0 (115) 27.8 (76)
al. 2018 1.7-17.3 16.2~38.0
Scamoni 2014 Reference Road 31.2 (334)
10.7 (12)

Ryan 2011 Road 5.4(vacant)-14.7
Taiwan EPA 2018 Road 10.0 20.0

DLR : Deutsches Zentrum fir Luft- und Raumfahrt e:V.
EEA : European Environment Ageney

FOEN : Federal Office for the Environment 22




Conclusions and
recommendations
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Conclusions

1.Relationship between railway train speed and nogslevel

(1) General train:

> Relationship between noise level and rate logarithns about 35 times
(35log(Vv)),slightly higher than in previous studies (30log(V)).

» With increasing general train speed (20 km/h ), th@oise level of train
may increase abouB dB(A) to 5 dB(A).
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(2) THSR train:

» Relationship between noise level and rate logarithm is about
30 times (30log(Vv)), which i€onsistent with previous studies

» When the speed of THSR decreased to 170 km/the
maximum noise level of operating trains would met noise
control standards set by Taiwan EPA.

» The wheel-rail rolling noise may be the main noise source of

THSR trains. It is necessary to propose relevant effective
control measures for this noise source..
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2.Indoor/outdoor noise level difference

» Indoor and outdoor noise level difference with closed
door/window is 20 dB(A), while with opened condition is10
dB(A). These findings were consistent with previous studies.

» The noise level difference with closed condition may affected
by path media(frame and glass of window) . However, noise
level difference with open condition maybe related tthe size
of indoor space, sound absorption capacity, and positioof
opened doors and windows.
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/

Receiver _\

MNoise Path
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Recommendations

Innovative and sustainable reduction practices

1.Active soundproof window

2.Solar panel sound barriers

28
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Active soundproof window

o 200 200 600 800 1000
Frequency (Hz)

Natural ventilation ANC windows — plenum type

» Don’t need to close windows at home
» Noise reduction is over 10 dB(A)
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Solar panel sound barriers
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Waveguide Lightweight Solar Module
SR ARRRERAE | BIA - BRI/ SRV

Module Specification e | B2t

Weight (kg) HEEE S8 15.5

Back-sheet Color| B4 88 | /\vI—bDE | White (H)

Frame Color |$MEE® |7L—LODE Silver (i8)
reddot design award
winner 2016

B 996mm . N 435mm ~ 15.5mm 15.4mm
A — £ i
m T ’-I 5 i[j E‘ J ~| 31.4mm
e

1000mm

1648mm

MC4 Compatible E “issmr
: _fr.35.4mm -

O O il
[y

{ ==i==========n==n=
Front View Back View Side View Frame Cross Section View
Em|E®m BE|=E fum | mm IBIERE | o L — L ER
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First solar panel sound barriers for
general train in Taiwan
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West 28kW East 28kW

Meteo and incident energy System output Meteo and incident energy System output

———

: [ [ o e s s o
e o gy e T P e T
Cackad o thec plare: 3.1 ¥bemd day

o R M ke Mep hn i kg G On Mev Dm Yew
Gl horiz. Cell. Plane System cutput System output Gl horiz. Coll. Plane System output System output
KWhim2 day KWhimZ day KWhiday L) KWWhim2.day KWhim2.day KWhiday KiWh

Jan, 20 782 FEEL] EAL] Jan. 220 160 EF 1124
Feb. 247 122 2776 T Fab. 247 185 3755 1051
Mar, 108 154 2500 1088 Mar. 308 180 4207 1332
Apr. 397 208 T3 1420 Apr. asr 224 5089 1527
May 472 252 57.34 1778 May arz 246 5584 173
June 5.60 3o 6844 2053 i 560 273 8205 1861
July 685 asa s1ar 2622 July 685 328 T4.40 2306
Aug. 631 az 7285 2261 Aug. 831 an 75.11 2328
Sep. 408 238 54.08 1622 Sep. 458 295 6706 2012
Oct. 376 175 3084 1235 Oet. 376 249 5862 1755
Nov. 283 126 2873 862 How. 283 207 4703 1411
Dec. 234 104 2353 g Dec. 234 178 051 p

Year 4.10 i 208 ) Ao I i 17084 | Year 410 238 sase || 19695

e 17,064 kWh/year ¢ 19,695 kWh/year

Double-sided Total 36759 kWh/year
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« ISO 10847 -1997 “Acoustics—In situ determination of

insertion loss of outdoor noise barriers of all types”

sEuMEE .
= ?}T_Lowm

h

h=1.5m
if L>15m

Source
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Thanks for your attention!

® Contact : Dr. Pei-Hsiou Ding

® E-mail : phding@epa.gov.tw

® Taiwan EPA:
https:/www.epa.gov.tw
https://ncs.epa.gov.tw/noise

37




fi A =



MADRID

inter.noise 2019
June 16 - 19

NOISE CONTROL FOR A BETTER ENVIRONMENT

This certificate recognizes that

Mr. PEI-HSIOU DING

has participated in the
48™ International Congress and Exhibiton on Noise Control Engineering
Madrid June 16-19, 2019
Organized by the Spanish Acoustical Society —SEA

on behalf of the International Institute of Noise Control Engineering — I-INCE

Antonio Pérez-Lopez Antonio Calvo-Manzano
Congress President Congress General Secretary
SEA President SEA General Secretary

] INTERNATIONAL

u
INSTITUTE OF
I -I n ‘ e NOISE CONTROL
ENGINEERING




it 4 g



MADRID

inter.noise 2019
June 16 - 19

NOISE CONTROL FOR A BETTER ENVIRONMENT

CERTIFICATE OF PRESENTATION

With this we certify that the work entitled:

Evaluation of transport related noise exposure to residents in
Taiwan metropolitan area

It has been presented by:
Dr. PEI-HSIOU DING
Mr. SHENG-ZHONG WU
Mr. JEN-SHOU HSIEH

In the 48th International Congress and Exhibiton on Noise Control Engineering
Madrid June 16-19, 2019
Organized by the Spanish Acoustical Society —SEA
on behalf of the International Institute of Noise Control Engineering — I-INCE

/
Antonio Pérez-Lopez g Antonio Calvo-Manzano
Congress President memsesE:.'uqu Congress General Secretary

DE AGUSTICA

SEA President SEA General Secretary




MADRID

inter.noise 2019
June 16 - 19

NOISE CONTROL FOR A BETTER ENVIRONMENT

CERTIFICATE OF PRESENTATION

With this we certify that the work entitled:

Evaluation of transport related noise exposure to residents in
Taiwan metropolitan area

It has been presented by:
Dr. Pei-Hsiou Ding
Mr. Sheng-Zhong Wu
Mr. Jen-Shou Hsieh

In the 48th International Congress and Exhibiton on Noise Control Engineering
Madrid June 16-19, 2019
Organized by the Spanish Acoustical Society —SEA
on behalf of the International Institute of Noise Control Engineering — I-INCE

/
Antonio Pérez-Lopez g Antonio Calvo-Manzano
Congress President memsesE:.'uqu Congress General Secretary

DE AGUSTICA

SEA President SEA General Secretary




