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Abstract: The present train noise prediction model in Chinese standards (HJ 453-2008 and HJ 
2.4-2009) is only aimed for conventional train. Both of time domain character and 
aerodynamic/rolling noise contribution of high-speed train noise are different from those of 
conventional train noise, thus, the Chinese prediction model might not be adaptable for the 
prediction of high-speed train noise. The aim of this paper is to discuss the noise prediction 
models of high-speed train above 300 km/h. Our work mainly relies on the comparative analysis 
of different models, which are based on the sound source identification and attenuation 
calculation. Different characteristics and applicability of these models are summarized, and 
those advantages and drawbacks are also compared. At the end of this paper, some suggestions 
for the revision of Chinese model are put forward. 
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1. Introduction 

 

In the recent years, with the rapid development of China’s economy and society, high-speed train 
characterized as fast and safe has become a very popular mode of travelling. The noise problem caused 
therewith is getting more and more severe. In order to avoid serious inconvenience to the neighborhood 
and reduce unnecessary economic loss after a new railway project has completed, also to provide some 
scientific advice for the noise abatement, the prediction of railway noise before construction become 
extremely essential. 

So far, a lot of research and application work of the railway noise prediction have been done in many 
countries, especially in the developed countries like the United States, European Union, and Japan. For 
these countries, systematic criterions for the noise prediction model have been established according to 
their own situations. Selection of noise sources and the attenuation mode in these models are more or 
less different from each other

1
. Research on railway noise prediction and control in China is relatively 

backward comparing with the developed countries. With the rapid development of high-speed trains, the 
current prediction model can hardly meet the accuracy requirement, especially for the high-speed train 
above 300km/h.  

The development of the high-speed ground transportation noise prediction model consists of two 
distinct parts: (1) identification of sources, and (2) modeling of the outdoor sound propagation. Part (1) 
involves the identification and localization of sound sources specific to high-speed trains, and is based 
solely on empirical data. Part (2) involves the application of sound propagation theory to account for 
characteristics of the noise path. In this paper, the current prediction models of US, EU, Japan and 
China will be studied contrastively from the two aspects mentioned above, and some suggestion for the 
revise of China’s current model will be proposed. 
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2. Source identification method in different prediction models 
 
2.1 US model 
 

In the US model
2
, the noise sources can be generalized into three major regimes:  

Regime I. propulsion or machinery noise, 
Regime II. Mechanical noise resulting from wheel/rail interactions and/or guideway vibrations, and 
Regime III. Aerodynamic noise resulting from airflow moving past the train.  
For a given train, there are three distinct speed ranges in which only one sound source dominates the 

total noise level. For a conventional train with a maximum speed of up to about 200km/h, propulsion 
and mechanical noise are sufficient to describe the total wayside noise. The aerodynamic noise 
component begins to be an important factor when the train speed exceeds about 250km/h. 

Based on the previous research programs, the US model provides a table of source reference level, 
which is the sound exposure level (SEL) used to describe a receiver ’s cumulative noise exposure from a 
given train passby under a fixed set of operating conditions (speed, consist, track configuration) at a 
reference distance 15m. Five different types of system: (1) high-speed, steel-wheeled electric, (2) 
high-speed, steel-wheeled fossil fuel, (3) high-speed, steel-wheeled electric-powered multiple unit, (4) 
very high-speed, steel-wheeled electric, (5) maglev are discussed separately. The source reference level 
is broken down into two or more subsources of different length and height as described above. 

Then the following equation should be used to adjust each ―nth‖ subsource SEL to the actual 
operating conditions of the proposed project.  

( ) 10log logn ref n

ref refn n

len S
SEL SEL K

len S

   
        

   

 (1) 

Where len  and 
reflen , S  and 

refS  represent the actual and reference length and speed of the 
subsource, respectively. K  is an empirical speed coefficient.  

 
2.2 EU model—HARMONOISE/IMAGINE 
 

In the HARMONOISE and IMAGINE projects started in the year 2001 and 2003 respectively, a 
generalized prediction model for railway noise has been proposed covering a broad range of railway 
vehicles, including the TGV and Eurostar trains in France, the X2000 tilt train in Sweden,  and the 
Pendolino tilt train in Italy and so on

3
. 

The work carried out in HARMONOISE work package 1.2 was to propose a railway source model 
based on the relevant physical parameters. The models for the main sources are described below

4
. 

Z=4m              traction aerodynamic 

Z=3m              traction

Z=2m              traction

Z=0.5m           rolling(wheel contribution)  traction  aerodynamic 

Z=0m               rolling(track contribution) 
 

Figure 1 - Noise sources in the prediction model of HARMONOISE 

For rolling noise source, as shown in Fig.1, the vehicle contribution is at the wheel height and the 
track at the contact position. The two contributions are separately considered because the details of the 
source heights can be important in modeling some cases, for example low barriers. Wheel roughness 
and vehicle/track transfer functions are needed to calculate the proper source power level.  

For the traction noise source, the position at 0.5m can be used for dr ive source, the positions at 2 and 
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3m for drive, compressor or fan, the position at 4m for fan and exhaust.  
For aerodynamic noise, two possible sources could be considered: one for the bogie area and one for 

the roof and pantograph. For both these sources, the model consists of reference values of Lw,i for a 
reference speed and speed dependence(speed exponent). 

Besides, the directivity of railway noise sources are considered. The horizontal and vertical 
directivity are defined as the corresponding angular distribution of the sound power. 

The source power level for each subsource can be calculated using parameters from a data structure 
organized around track description and vehicle description.  

 
2.3 Japanese model for Shinkansen 
 

The Japanese Railway Technical Research Institute proposed a prediction model of wayside noise 
level of Shinkansen to meet the requirement of Environment Agency

5
. In the model, sources are divided 

into four components, (1) the noise generated by the lower parts of cars, which consists  of the rolling 
noise, aerodynamic noise, and gear noise, (2) concrete bridge structure noise, (3) aerodynamic noise 
generated by the upper parts of cars and (4) pantograph noise, which consists of the aerodynamic noise 
and spark noise. Each noise source is regarded as a row of discrete non-directional point sources 
(monopole sources). The noise sources (1) to (3) are radiated to a half space and (4) is radiated to a full 
space

6
. The positions of the noise sources are shown in Fig.2. The position and power levels of the 

sources are decided according to the noise component, train velocity, car type, track and structure. Next, 
the time history of the instantaneous A-weighted sound pressure level of one point source moving on the 
track is calculated (unit pattern). Once the unit pattern is obtained, the A-weighted sound pressure level 
of a train set pass LAE is obtained by integrating the unit pattern and summing them for all point sources 
contained in the train set. Then the equivalent continuous A-weighted sound pressure level LAeq,T can be 
calculated if the number of train passes during the time length T is known.  

④ Pantograph noise

③ Aerodynamic noise generated by the 

upper parts of cars

① Noise generated by the lower parts of cars

② Concrete bridge structure noise

x

(a) Side view
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② Concrete bridge structure noise

① Noise generated by the lower parts of cars

y

z

(b) Cross section
 

Figure 2 – Noise sources model in the prediction of Shinkansen noise 

 

2.4 Chinese model 
 

In the present train noise prediction model in Chinese standards (HJ 453-2008, HJ 2.4-2009 and 
[2010] No. 44 document of the ministry of railways)

7~9
, no particular information about the 

classification of rail noise source has been mentioned. The level of rail noise source has been given as 
the equivalent A-weighted sound level measured at the reference point as a certain train pass by. The 
requirement for track configuration, ambient condition, position of reference point and measurement 
method has also been provided. 

The noise source levels of five kinds of train: (1) passenger train of less than 160km/h, (2) China 
Railway High-Speed (CRH) from 160km/h to 350km/h, (3) common freight train, (4) novel freight train, 
(5) double-stack train, are discussed respectively in the No. 44 document of the ministry of railways in 
2010. Locomotive bagpipes are also considered as a noise source. The reference point measuring the 
reference source level is positioned 25m away from the centerline of rail and 3.5m above the rail.  

 

3. Sound propagation path in different prediction models 
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3.1 US model 
 

Along the sound propagation path, sound reduces with distance due to (1) divergence, (2) 
absorption/diffusion, and (3) shielding

2
. The actual SEL for each subsource in the receiving place 

considering the above attenuation is calculated by the following equation: 
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Where D is the distance from each subsource to receiver, G is the ground factor, and A shielding is the 
attenuation value due to shielding. 

Then the total SEL for a train pass by is: 
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  (3) 

Since the day-night sound level Ldn is an important consideration in the noise assessment, it is also 
accessible using some simple calculation if the hourly volume of train traffic in daytime and nighttime 
is known. The final conclusion should be made by comparing the noise impact caused by the new 
project with the existing noise environment beside the rail road.  
 
3.2 EU model—HARMONOISE/IMAGINE 
 

The sound propagation model is introduced in the HARMONOISE Work Package 3. The model 
predict the sound pressure level at the receiver position in one-third octave bands from 25Hz to10kHz. 
The prediction of Leq is based on the sound power level LW of the source within the considered 
frequency band. The effects from various factors that can influence the sound propagation are then 
calculated separately (in dB) and added or subtracted from the sound power level accordingly, see 
equation (4). 

eq W div atm excess refl scatL L A A A A A       (4) 

The factors considered are: 
  Propagation effect of spherical divergence of the sound energy (Adiv). 
  Propagation effect of air absorption (Aatm). 
  Propagation effect of ground reflection and diffraction from barriers (Aexcess). 
  Propagation effect of energy loss during reflections (A refl). 
  Propagation effect of scattering zones (Ascat). 

 
3.3 Japanese model for Shinkansen 
 

Since the noise source has been divided into 4 parts, then the calculation of sound level in the 
receiver’s point is by adding up energy propagated from the 4 subsources. The travelling path and 
distance are quite different for the 4 subsources, see in figure 3, so the calculation methods are 
discussed separately as follows. 
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② Structural noise

① Noise from lower parts of cars

 
Fig.3 – Schematic view of noise radiation of Shinkansen 

Noise from the lower parts of cars (1) and aerodynamic noise (3) generated by the upper  parts of cars 
are both considered as non-directional line source of limited length. Noise received can be calculated 
using sound power level of the two subsources in unit length with divergence, barrier, ground effect as 
corrections. Concrete bridge structure noise (2), also considered as non-directional line source of 
limited length, the source position for calculation is located under the center of the viaduct bridge. 
Noise received is a combined effect by the direct and the first reflected sound. Pantograph noise (4), is 
considered as non-directional point source. The source position for calculation is located 5m above the 
centerline of the track. Divergence, barrier, and ground effect as corrections are included in the 
calculation equation

10
. 

 
3.4 Chinese model 
 

The basic equation to predict the equivalent sound level of rail noise is as follow
8
: 

 ,0.1
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Where, LAeq,p is the equivalent A-weighted sound level during the total evaluation time T, Lp,A is the 
equivalent A-weighted sound level for a single train pass by. n is the number of trains pass by during 
time T, and the teq is the equivalent time of a train passing by.  
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1 m
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i
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   (6) 

Where LP0,i is the noise source level strongest in vertical directivity, m is the number of trains 
passing by, and C is correction term. If the source level provided in the normative document is not the 
strongest in vertical directivity, then some conversion is needed according to the vertical directivity.  

v t d a g b θ f,iC=C +C +C +C +C +C +C +C  (7) 

The 8 correction term represent respectively speed, track, divergence, air absorption, ground effect, 
barrier transfer loss, vertical directivity, and frequency weighting.  
 

4. Conclusions 
 

Based on the comparative analysis of different models of home and abroad from the two aspects, i.e. 
source identification and sound propagation path, it is confirmed that the main difference and backward 
of the Chinese railway prediction model compared with the other models of developed countries lies in 
source identification. In the prediction models of the US, EU and Japan, railway noise source is 
considered as several different parts with different positions, characteristics and propagation path. 
Rolling noise, traction noise, and aerodynamic noise is generally recognized by these prediction models 
as the main sources of railway noise, structure noise is also included in Japanese model for Shinkansen. 
Since the noise source of China Railway High-speed (CRH) is much more complicated as the operating 
speed increasing, the prediction model with single line source can hardly provide a convincing 
prediction result. As a conclusion, source classification and localization become a necessity for the 
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consummation of Chinese railway noise prediction model. 
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