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Noise reduction for the upper floors of the buildings along 
conventional lines has come up as an issue recently in urban 
areas.  

However, to reduce noise by constructing sound barriers as 
we have done up to now, the sound barriers would need to be 
extremely high and large as they could produce an effect only if 
they totally cover the area from noise source to sound receiving 
point.  Such high and large sound barriers receive large wind 
loads, and the load to the sound barriers and to the structure on 
which those barriers are set up would become larger.  They would 
thus need reinforcement to secure the strength in high winds, 
leading to an increase in construction cost and time.  There are 
also many other problems such as increase of A-weighted sound 
pressure level on the opposite track due to reflected sound.  Fig. 1 
is a diagram of the conventional sound barrier illustrating those 
problems.

The authors have come up with an improved noise insulator 
of a new shape that is greatly effective in noise reduction in high 
spaces (spaces higher than the height of conventional sound 
barriers and noise insulators) and is not much affected by wind 
load.  This article will report on that development.

Overview of and Considerations for 
the Improved Noise insulator2

Fig. 2 shows the overview of the improved noise insulator.  With 
this noise insulator, we aimed for a structure that receives less 
impact by wind load than conventional sound barriers and that 
reduces noise propagation to high spaces and the opposite track, 
even while being larger and higher.  Specifically, we tested a 
structure with a multiple noise insulation plates sloped downward 
toward the track and that had openings, instead of being upright 
like conventional sound barriers, to reduce noise and wind load.

In considering the best shape of the noise insulator, we 
examined with a wind tunnel how the aperture ratio and the 
noise insulation plate angle would affect wind load reduction 
(see section 3).  Next, to find the optimal angle and material 
characteristics for noise insulation plates with large noise 
reduction effect, we conducted numerical analysis of the 
conventional sound barrier and the noise insulators under 

Introduction1

different conditions and compared the noise reduction rate (see 
section 4.1).  Finally, we set up improved noise insulators on a 
conventional line in the Kanto area and checked using an actual 
train the noise reduction by the noise insulators under different 
conditions (see section 4.2).

Confirmation of Wind Load Reduction 
Effect in Wind Tunnel3

3.1 Noise Insulator Model
In order to confirm the effect of wind load reduction on the 
improved noise insulator, we carried out wind tunnel tests using 
models.

Using 1/5 size models, we confirmed the effect of the 
improved noise insulator under ten different conditions of 
different aperture ratio and angle of noise insulation panels, as 
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A-weighted sound pressure level
on the opposite side of the track was
increased due to reflected noise.

Installing a high and large sound barrier is difficult due to wind load.

Noise is transmitted to
high spaces due to
multi-reflection of noise
between the car body
and the sound barrier.

Wind load

Reduction of wind load effect allows
installation of high and large barriers.

Multi-reflection of noise between the noise insulation
plates reduces noise propagation to outside of the track.

Noise reflected by the noise
insulation plates is reduced
by sound absorption by ballast.

Angled noise insulation plates prevent noise emission to high spaces.

Effect of reflected noise is reduced compared
to that of a conventional sound barrier.

Wind goes through.

Fig. 1  Overview of Conventional Upright Sound Barrier

Fig. 2  Overview of Improved Noise Insulator
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insulation panels at the same angle condition.  At the same time, 
the amount of wind load will become smaller as the angle of 
noise insulation panels decreases with noise insulation panels 
at the same aperture ratio condition.  Compared to the wind 
load a usual upright sound barrier receives, the improved noise 
insulator at noise insulation plate aperture ratio of 50% and 
angle of 30º could reduce the wind load up to approx. 30%.  It 
was also confirmed that, even at an aperture ratio 0%, adding 
sloped noise insulation panels could reduce the wind load to 
approx. 40 to 80%.

Noise Reduction Effects of Improved 
Noise Insulator4

4.1 Numerical Analysis to Identify Amount of Noise Reduction 
In order to study angles and material characteristics for the 
improved noise insulator where noise is greatly reduced, we 
identified the amount of noise reduction through numerical 
analysis of the noise insulators at different conditions.

4.1.1 Overview of Numerical Analysis
Numerical analysis was made on noise insulators at four 
conditions: (a) conventional sound barrier (upright), (b) improved 
noise insulator (with noise insulation plates at 30º), (c) improved 
noise insulator (with noise insulation plates at 45º), and (d) 
improved noise insulator (with noise insulation plates at 60º).  
Fig. 6 shows the cross-sectional shapes of the analyzed insulators.  
For the aperture ratio of the improved noise insulators, we applied 
50% that was confirmed to be able to reduce the wind load by up 
to 30 to 40% in the measurements explained in section 3.  We 
also made numerical analysis on the improved noise insulator 
with sound absorbing material (polyester filament material 
45 mm thick, see reference 1) attached on the both surfaces of 
noise insulation plates to check how the noise reduction effect 
varies with and without sound absorbing material.

In the two-dimensional cross-section area shown in Fig. 7, 
we carried out analysis of noise propagation from the track to 
the sound receiving point by the finite-difference time-domain 
(FDTD) method.

In the numerical analysis, we estimated the A-weighted sound 
pressure level from a sound source placed on the center of the 
track at rail level height based on the sound waveform found at 
the estimation point in the calculation area.2)  The final calculation 
results were sorted out according to the noise reduction amounts, 
using the amounts before installing the conventional sound 
barrier and individual improved noise insulators as the standard.

shown in Fig. 3.  The models were of 2 mm thick stainless plate, 
and their outer dimensions were 200 mm height and 1,030 mm 
width.  Fig. 4 is a photo of a wind tunnel test.

3.2 Measurement Method
We measured at five wind speeds of 0, 10, 20, 30, and 40 m/s.

Calculating wind speed based on temperature, humidity, 
atmospheric pressure, and dynamic pressure, we operated the 
wind tunnel in a way that wind speed displayed in real-time 
agreed with the wind speed conditions, and we measured wind 
load for each model condition.

At the wind speed of 0 m/s, we measured average wind load 
for 3 sec. (2 kHz sampling at 6,000 points) once, and measured 
average wind load for 10 sec. (2 kHz sampling 20,000 points) 
three times each at the wind speeds of 10, 20, 30, and 40 m/s.  
The wind loads of each model condition were calculated by 
adding the difference between wind load at wind speed 0 m/s 
and at each other wind speeds to the wind load measured at the 
four corners of the models.

3.3 Measurement Results
The amount of wind load was assessed as values relative to the 
wind load on a conventional sound barrier represented as 100.  
Fig. 5 shows the measurement results.

Fig. 5 indicates that the amount of wind load a noise insulator 
receives becomes smaller as the aperture ratio increases with noise 
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Fig. 4  Wind Tunnel Test

Fig. 3  Diagrams of Improved Noise Insulators

Fig. 5  Wind Load Measurement Results
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4.1.2 Analysis Results
Fig. 8 shows the distribution of noise reduction effect of the 
conventional sound barrier.  Fig. 9 shows that distribution for 
the improved noise insulators.

(1)  Comparison of Noise Reduction by Conventional Sound 
Barrier and Improved Noise Insulators

Fig. 8 indicates that noise reduction by the conventional sound 
barrier was small at the high space adjacent to the track, while 
that amount was large in the calculation area as a whole.  On 
the other hand, Fig. 9 demonstrates that noise reduction by the 
improved noise insulators at the high space adjacent to the track 
was larger than that by the conventional sound barrier, while 
the amount by the improved noise insulators was smaller in the 
overall calculation area than that by the conventional sound 
barrier.
(2)  Comparison of Noise Reduction by Improved Noise 

Insulators with Differently Angled Noise Insulation Plates
When not attaching sound absorbing material to the noise 
insulation plates, noise reduction increased in the order of noise 
insulation plate angles of 45º, 60º, and 30º.  When using sound 
absorbing material, that amount increased in the order of the 
noise insulation plate angles of 45º, 30º, and 60º.

A previous report3) shows that train running noise strongly 
propagates upward at a 40º angle from around the center of the 
main track.  Accordingly, it is thought that, with noise insulation 
plates at 45º, the ratio of train running noise that reached the 
noise insulation plates and was reflected to the track (ratio of the 

noise absorbed in the ballast) reached its maximum.  As a result, 
the largest noise reduction effect is assumed to be at 45º.

The noise reduction effect became reversed between noise 
insulation plate angles of 60º and 30º without sound absorbing 
material, while the effect peaked at 45º both with and without 
sound absorbing material.  The reason for the reversal could be 
that the surface area of the sound absorbing material became 
larger at 30º and the noise insulation plates showed more sound 
absorbing effect than at 60º.

4.2 Running Tests Using Actual Train to Identify Noise 
Reduction 

4.2.1 Overview of Running Test Using Actual Train
We temporarily installed improved noise insulators on a 
conventional line in the Kanto area to identify noise reduction 
in running tests using an actual train.  Fig. 10 is a photo of an 
installed noise insulators.  The improved noise insulators were 
made of 1.8 m long, 0.9 m wide, and 12 mm thick concrete 
panels (plywood boards for concrete formwork).

The improved noise insulators were installed horizontally 6 m 
from the center of the near track, at 5 m above ground, and over 
a length of 10 m each from the measurement cross-section in a 
section 20 m in total length.  Five measurement points were set 
at heights of 1.2 m to 10 m above ground.  Fig. 12 is a photo of 
the sound level meter microphone set up.

Using a 10-car train in the greater Tokyo area (at 85 to 90 km/h 
running speed), we assessed the improved noise insulators by 
sound exposure level.  To compare noise reduction with and 
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without sound absorbing material, we used an improved noise 
insulator to which 25 mm thick glass wool was attached on both 
surfaces of the noise insulation plates.  Table 1 lists the conditions 
for the measured noise insulators (pattern 1 - 4).

4.2.2 Test Results
Fig. 13 and 14 show the relation between sound exposure level 
and height above ground found in the running tests using an 
actual train at the near track and at the far track.  In both figures, 
the standard is the sound exposure level at 1.2 m above ground 
with no noise insulator, and the relation is shown as values 
relative to the standard.  Noise reduction by the noise insulators 
was largest at around 5 m above ground both at the near and 

far tracks.  The reason for the large reduction is assumed to be 
that running noise from the bottom of the car body was blocked 
by the noise insulation plates at that height.  In contrast, near 
the ground, the running noise easily reached the sound receiving 
point through the spaces of the noise insulation plates; thus, not 
much noise reduction effect was observed there.  At the same 
time, no noise reduction effect was gained at 7.5 m and 10 m 
above ground both for trains on the near and far tracks.  This is 
assumed to be because running noise reached the sound receiving 
point without being blocked by the noise insulators due to the 
sound receiving point being higher than the noise insulators.

Reduction of noise from trains on the near track at 5 m above 
ground per noise insulation plate pattern was up to 6.6 dB with 
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(d) Improved noise insulator
(noise insulation plate angle 60º,

without sound absorbing material)

(d’) Improved noise insulator
(noise insulation plate angle 60º,
with sound absorbing material)

(c) Improved noise insulator
(noise insulation plate angle 45º,

without sound absorbing material)

(c’) Improved noise insulator
(noise insulation plate angle 45º,
with sound absorbing material)

(b) Improved noise insulator
(noise insulation plate angle 30º,

without sound absorbing material)

(b’) Improved noise insulator
(noise insulation plate angle 30º,
with sound absorbing material)

Fig. 9  Reduction of Wayside Noise along by Improved Noise Insulator
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Pattern 2, up to 6.4 dB with Pattern 1, and up to 4.5 dB with 
Pattern 3.  For noise from trains on the far track at 5 m above 
ground, is was up to 7.4 dB with Pattern 2, up to 6.8 dB with 
Pattern 1, and up to 4.9 dB with Pattern (the same order as on 
the near track).  Noise reduction of Pattern 2 being larger than 
that of Pattern 1 both for the near and far tracks is assumed to be 
due to the difference of noise insulation performance according 
to the aperture ratio shown in Table 1.

The comparison of the noise reduction with and without 
sound absorbing material based on the results of Pattern 1 and 
3 revealed that sound absorbing material increased the noise 
reduction effect by up to 3 to 4 dB both for the near and far 
tracks.

In running tests using an actual train, the improved noise 
insulators were installed at 6 m away from the center of the 
near track due to site conditions, not at 3.5 m away as initially 
planned (Fig. 15).  That is assumed to be the reason why we 
could not gain the expected noise reduction effect at 7.5 m and 
10 m above ground.  However, as shown in Fig. 16, we expect 
that the desired effect could be brought about at those heights 
too when installing the improved noise insulators at 3.5 m away 
from the center of the track.
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Fig. 10  Temporary Installation of Improved Noise Insulator

-6

-5

-4

-3

-2

-1

0

1

2

3

4

0 1 2 3 4 5 6 7 8 9 10 11

S
ou

nd
 e

xp
os

ur
e 

le
ve

l (
dB

)

Height above ground (m)

Pattern 1 Pattern 2 Pattern 3 Pattern 4

Fig. 14  Relation Between Sound Exposure Level
and Height Above Ground (on Far Track)

Table 1  Conditions of Individual Noise Insulators

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

1

0 1 2 3 4 5 6 7 8 9 10 11

S
ou

nd
 e

xp
os

ur
e 

le
ve

l (
dB

)

Height above ground (m)

Pattern 1 Pattern 2 Pattern 3 Pattern 4

Fig. 13  Relation Between Sound Exposure Level
and Height Above Ground (on Near Track)



42 JR EAST Technical Review-No.23

Special edition paper

Reference:
1) Satoshi Ishikawa, Ryo Shiraga, Masaaki Hiroe, Satoshi Sugie, “Kido 

Kinsetsu Taisaku ni yoru Kosho Kukan deno So’on Teigen Koka nit 
suite [in Japanese],” Proceedings of the autumn meeting of the Institute 
of Noise Control Institute of Japan (September 2009): 117 - 120

2) Emi Itogawa et al., “Prediction by Numerical Simulation of 
Conventional Railway Noise Including Structure Noise,” JR EAST 
Technical Review No. 21 (Autumn 2011): 52 - 57

3) Ryo Shiraga, Satoshi Ishikawa, Kenichi Yaginuma, “A Study on the 
Vertical Directivity Patterns of Wayside Noise Measured in Areas 
around Different Conventional Rail Lines [in Japanese],” Proceedings 
of the autumn meeting of the Institute of Noise Control Institute of Japan 
(September 2009): 121 - 124

Optimal Shape of Noise Insulator for 
High Spaces5

Using the results explained in sections 3 and 4, we examined the 
optimal shape of a noise insulator for high spaces.

Based on the examination in wind tunnel tests described 
in section 3, we decided to adopt an aperture ratio for noise 
insulation plates of 50%.  That ratio showed the best wind load 
reduction rate in the tests.

As for the overall shape, we decided to adopt an upright 
shape like that of a conventional sound barrier for the lower 
part and the shape of the improved noise insulator for the upper 
part to take advantages of each of those shapes.  We came to 
that decision because the numerical analysis results shown in 
section 4.1 clarified that the improved noise insulator could 
produce good noise reduction effects at higher places but not at 
lower places.

We also decided to adopt a noise insulation plate angle of 
45º based on the numerical analysis results in section 4.1 and 
considerations made after the running tests in section 4.2.  The 
noise reduction effect became largest with the noise insulation 
plates at 60º in the tests; however, a similar effect could be gained 
at 45º too.  Also, the numerical analysis results of installing the 
improved noise insulators at the originally desired point (nearer 

to the track) indicated the best effect at 45º.  We thus adopted 
a 45º angle.

The overview of the optimal noise insulator for high spaces 
taking into account the above-mentioned consideration is shown 
in Fig. 17.  The results shown in section 4.1 and 4.2 indicated 
that attaching sound absorbing material to the noise insulation 
plates would be better.  This noise insulator can probably be 
installed on conventional upright sound barriers because it 
reduces wind load; however, to secure access to sunlight, using 
transparent plates at higher places is recommended.

Conclusion6
We have conducted tests and examinations on the shape of the 
improved noise insulator that can reduce much noise and wind 
load in high spaces.  The test results have proved that noise could 
be reduced by up to 7 dB and wind load by up to around 30% 
at high spaces when applying the optimal shape.  Based on those 
test and examination results, we came up with the optimal shape 
of the noise insulator for high spaces.

In order to sort out and solve issues in terms of practical 
use of that noise insulator, we will further work on establishing 
installation standards and assessing durability.
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Fig. 17  Overview of Improved Noise Insulator for High Spaces

Fig. 15  Cross-section of Installed Improved Noise Insulator
in Running Test Using Actual Train (6 m away)

Fig. 16  Cross-section of Installed Improved Noise Insulator
in Usual State (3.5 m away)


