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Study on the improvement of prediction model
for the railway environmental noise using ISO 9613-2
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Abstract : Approximate empirical equations obtained by measuring overall noise levels at different
distances have been used to evaluate environmental influence of the railway noise though the
accurate prediction of noise levels is important. In this paper, a noise prediction model considering
the frequency characteristics of noise sources and propagation was suggested to improve the
accuracy of noise prediction. The railway noise source was assorted into track, wheel, traction and
aerodynamic components and they were characterized with the source strength and speed
coefficient at each octave-band frequency. Correction terms for the acoustic roughness and the
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track /bridge condition were introduced. The sound attenuation from a source to a receiver was

calculated taking account of the geometrical divergence, atmospheric absorption, ground effect,

diffraction at obstacles and directivity of source by applying ISO 9613-2. For obtaining the source

strength and speed coefficients, the results of rolling noise model, numerical analysis and

measurements of pass-by noise were analyzed. We compared the predicted and measured noise

levels in various vehicles and tracks, and verified the accuracy of the present model. It is found that

the present model gives less error than the conventional one, so that it can be applied to make the

accurate prediction of railway noise effect and establish its countermeasures efficiently.

Keywords : railway noise, prediction model, noise source property, propagation property
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Table 1. Source strength and speed coefficient of a Mugungwha train(9 vehicles)
Reference source strength of a Mugungwha train (dB)
63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz
S1 52.5 69.3 70.8 742 70.7 673 58.1 48.1
S2 443 56.2 712 66.2 577 66.9 69.4 59.8
S3 86.4 70.1 64.2 724 66.0 63.7 60.6 58.6
Speed coefficient of a Mugungwha train
63 Hz 125 Hz 250 Hz 500 Hz 1kHz 2 kHz 4kHz 8 kHz
S1 18.1 10.0 31.0 17.1 36.2 274 393 22.1
S2 199 10.8 29.6 19.2 37.1 214 41.5 223
S3 -80.7 127.3 50.2 4.1 11.8 43.8 40.6 19.7
100 80
70 .
90t 60} .
50} 1
. 80t g a0 .
_lg 'E, 30t ]
701 k]
20 i ; —A— measured 1
ool 1ok /// i:v;t;elwluctrack i
o/ - '
-10 .

Time (s)

Figure 7. Comparison of time histories of the 63Hz-band
noise levels from the measurements and the
various source models when KTX passing at the
speed of 269km/h. The receiving point: distance
25m, height 1.2m from the railway line. 0, x, +:
measured values; ---- monopole source

model; , cosine source model; — - —,
dipole source model
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Figure 8. Comparison of the measured noise levels and

the predicted noise levels before considering
Ciraci OF CprgeeWhen a Mugungwha train passing

on a steel bridge(plate girder)
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Table 2. Estimated Cpigge mValues for the steel bridge(plate girder)

Correction values for each octave-band frequency (dB)
63 Hz 125Hz 250 Hz 500 Hz 1kHz 2kHz 4kHz 8 kHz
S1 0 18 17 15 13 10 0 0
S2 0 0 0 9 13
S3 0 0 0 0 0
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Figure 9. Test condition for measuring the railway noise at a flat land
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Table 3. Source strength and speed coefficient of a metro vehicle

Reference source strength of a metro vehicle (dB)

63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz
S1 34.8 50.2 55.6 61.5 63.1 55.8 39.6 30.3
S2 26.2 372 56.1 54.5 51.1 51.5 53.7 43.0
S3 62.2 64.8 70.4 61.6 56.5 56.3 58.8 54.1

Speed coefficient of a metro vehicle

63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4kHz 8 kHz
S1 -0.6 21.5 -30.3 22.5 535 71.8 2.5 16.0
S2 -1.0 212 -38.5 34.1 81.1 54.7 5.7 15.8
S3 20.0 20.0 7.1 65.0 54.5 24 532 46.6

Table 4. Directivity index of a metro vehicle

S1 S2 S3

if f=63Hz, 0
if f=125Hz, 10log(cosy)
else, 10log (cos?y)

0 |10log(0.13 + 0.87cos’y)

Al

ox
lo

w4 e Alolw], AZEA, maE 3

% T
2] 7124 7700l
o oA AT WA T AAL £39

o ik 71 Sduheieh A S5 QIARE Table 3
of Yetilem, Jdof X gA|4E Table 4 1
ERi T}, 4= 200km/hol3te] ARbAEo| M 3

HASY AR gajas 18R golr Hlug
SAE-S /ol A A LJsksict,
&0 o] 43 HMutrd (ISO 9613-2)2] Al4to]
80 ; .
—&— predicted (present), 63.6 dBA |
70 —&— measured, 63.4 dBA n
60 1
gsc / \ ]
§ 40 1
- ]
20 1
10 : :
10 10° 10
Frequency (Hz)
(@

LofA] A A ARe] A 218 s AHe| A
o] apebA] Theat 2o F9ict,
Source region: G=0.6,

Middle region: G=04,
Receiver region: G=0.4

24)

o|AZ sl A A A A, Fo] Uile A,
FAYE 4, =T A9 Hlgof uhE Aot
45 100km/h= A= Ao el oS o4 7
gl 2Z e b EAS 44 vl ask
Figure 107} 2t} Fab4= AE9] A3k} overall 4
=5 HuwshH HwA 2k 035 Wi Ql5S &
T AU

gh,

o of

71E9] 58

A~
4

(NIER 2002; NIER 2009)

P

—8— predicted (present), 56.6 dBA
—&— measured, 58.7 dBA

AT~ ]

Leq,1h (dBA)
]

Ne

w
=]
L

20 B

10 10 10
Frequency (Hz)

(b)

Figure 10. Comparison of predicted and measured noise levels of a metro train (10 vehicles). Train speed: 100km/h.
Distance of microphones: (a) 8.1m, (b) 30m, (c) 60m, (d) 100m
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Table 5. Comparison of predicted and measured overall
noise levels of a metro train (10 vehicles). Train
speed: 100km/h

Dim.: L,, ;,(dBA)

Distance | Measured Predicted value
(m) value Present model | Conventional model
8.1 63.4 63.6 64.0
30 58.7 56.6 58.1
60 532 52.8 55.0
100 50.2 50.3 52.7

Table 6. Comparison of predicted and measured overall
noise levels of a metro train (10 vehicles). Train
speed: 89.7km/h

Dim.: L,, ;,(dBA)

Distance | Measured Predicted value
(m) value Present model | Conventional model
8.1 613 61.8 624
30 56.1 54.7 56.6
60 49.0 50.8 535
100 452 483 312
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Figure 11. Test condition for measuring the railway noise at an apartment house

Table 7. Comparison of predicted and measured overall
noise levels of a Mugungwha train. Train speed:
104km/h

Dim.: L, ;,(dBA)

Predicted value

Floor | Measured

(Height, m) | value | Present model | Conventional model
10 (24.8) 49.8 51.6 56.8
15 (41) 52.5 50.5 56.4
20 (55) S51.7 49.8 56.0
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Figure 12. Test condition for measuring the railway noise of a high-speed train with the noise barrier
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Table 8. Comparison of predicted and measured overall
noise levels of a KTX train without the noise
barrier. Train speed: 267km/h

Dim.: L, ;,(dBA)

Table 10. Comparison of predicted and measured overall
noise levels of KTX trains. Train speed: (T1 line,

4 cars/h) 265km/h, (T2 line, 2 cars/h) 289km/h

Dim.: L, ;,(dBA)

Distance |\ r - red Predicted value
(Height) |

(m) Value | present model | Conventional model
25(1.2) 70.5 70.2 60.5
23535 | 707 702 60.5

Table 9. Comparison of predicted and measured overall
noise levels of a KTX train with the noise barrier.

Train speed: 262km/h
Dim.: L,, ;,(dBA)

Distance |\ ed Predicted value
(Height) I

(m) Value | present model | Conventional model
25(1.2) 60.3 56.8 52.9
25(3.5) 577 57.1 55.3
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levels by using the present and conventional
models
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