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4. Health, safety and environment 
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1 WASTEWATER TREATMENT PLANT AS 

A NEIGHBOUR? NIMBY! 

 

All blasting projects, especially large ones in 

crowded city areas, raise widespread negative     

attitudes in the neighbourhood. However, not   

everyone has the experience of living next to the 

excavation project. The mere threatening sounding 

project name can trigger a wave of broad           

opposition. Poor experiences spread in speech and 

social media extremely rapid in modern times, and 

there are hardly any facts included. 

     As much as a wastewater treatment plant is   

required in today’s infrastructure, it really can be a 

project that raises strong opinions. Especially 

when such a plant is built underground and close 

to residence, fear is caused by, for example, noise 

and blast vibrations. This fear is also often          

associated with damage to buildings and wells. 

There is also a fear that the transportation of  

blasted rock can cause problems in traffic and can 

be dangerous. 

     Over the years, many of the projects that are 

necessary for the functioning of society have faced 

opposition by residents. This has led to a long-

lasting settlement and search stages. A significant 

amount of time is needed to verify project placing, 

licensing and city plan processes. Progress on 

these will take the matter forward, but at the same 

time, new ways of blocking the project, or at least, 

delaying implementation, will be opened up 

through appeal possibilities. Time and resources 

Bringing comprehensive environmental monitoring to  

blasting projects: turning fear to trust 
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ABSTRACT: A large blasting project in a residential area causes fear and resistance. This might lead to 

delays in the project and cause significant cost implications. The Tampere Sulkavuori underground 

wastewater treatment plant is an example of how such challenges were overcome. A completely new tool 

for monitoring the environmental information necessary for the project and for conveying information to 

authorities and residents was introduced. An entirely new kind of map-based system was created for the 

project, enabling integrated data collection of all the factors relevant to the construction project including 

blast vibration, groundwater level, water quality, soil depression, sound level, etc. The information is  

presented to project personnel and selectively to the public in a separate system. The open dialogue     

contributed to the faster launch of the project. All parties involved have received exceptionally positive 

publicity and feedback from both the environmental and the supervising authorities. 
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Figure 1. The underground wastewater treatment plant is fitted in the middle of city infrastructure. 
 

can be wasted in huge amounts. The functioning of 

the public infrastructure also requires that the     

activities of the wastewater treatment plant are 

placed inside the urban structure - what is the     

solution then? 

 

2 COMPREHENSIVE OPERATING MODEL 

TO DEVELOPED NEW PRACTICES 

 

2.1 Environmental impact assessment 

 

It took several years to find out a suitable place to 

Tampere area wastewater treatment plant. This 

whole project will be about 300 million euros of 

investment. Several rock areas were checked, to 

find out the best solution and not only based on 

geological facts, but also taking into account     

settlement and political issues. Finally, Sulkavuori 

area was chosen and environmental affect           

assessment was concluded in 2013. As a          

conclusion of environmental aspects, it was found 

out that building a new centralised treatment plant 

is a better solution than repairing old treatment 

plants. Besides many of those old treatment plants 

were in central and valuable areas and many new 

possibilities to a new use of land were found out. 

 

2.2 Briefings for residents 

 

Environmental affect assessment raised opposition 

among the neighbourhood. Earlier in the same   

area, there had been quite big blasting projects due 

to industrial construction and people were not too 

happy how blasting was done, especially regarding 

vibrations. When the first briefing of the project  

to residents took place, there were several         

participants. Immediately at the beginning of 

meeting the head of the local residential area     

announced that local people will complain of the 

project in all possible phases. On the other hand, 

the contractee of the project had chosen a strategy 

to be as open as possible and try to fulfil as many 

wishes from the neighbourhood as possible. 

     Several briefings for residents were organised 

and answering properly to questions led, little by 

little, to a better understanding and fewer          

complaints were raised. Mainly people worried 

and  scared  vibrations,  especially  its influence on  
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Figure 2. Both stability and buildability must be verified before blasting. The picture shows one example of 

3D rock mechanical analysis in Sulkavuori project. 

 

Figure 3. Wastewater treatment process demands 717.000 solid cubic metres of space inside the rock in 

Sulkavuori. Process halls are 20 metres wide and over 300 metres long. 
 

their houses and water and heat wells. Also,  

transportation of blasted rock raised several    

questions. Doing this dialogue patiently with   

people has helped a lot, and now these complaints 

have changed to eager to get practical information 

about the stage of the project. 

 

2.3 Land use plan 

 

Tampereen Seudun Keskuspuhdistamo Oy started 

at the end of 2015 city plan project which aimed to 

four different city plans: two of those allows    

construction needed to build this wastewater 

treatment plant structures above and underground 

and two for sewage tunnels. There was a common 

will among city to get a decision quickly, and the 

city plan was accepted in an extraordinarily short 

time in May 2017 by the city council. 

     It was a big surprise that nobody complained 

regarding these city plans. An own city plan was 



 

 

- 214 - 

Figure 4. View in the monitoring system (EMO) showing the work area of the Sulkavuori site. The 
picture shows the tunnels and underground space for the wastewater plant as well as the routes for 

blast stone transportation. 

 

made to both wastewater tunnel bringing the      

material to Sulkavuori as well to tunnel             

taking purified water to Pyhäjärvi lake. For both 

tunnels, a protected area was determined in all 

three XYZ axes. This protective area is 90         

metres wide and extends 20 metres above          

tunnel roof staying still 7-10 metres under          

the   surface. This city plan allows normal use and 

developing of land above tunnels. City plan will 

cause certain limitation for underground use of 

these areas above the tunnel, but official            

encumbrance will be decided in the future. 

 

2.4 Environmental permit and other permits 
 

The application for an environmental permit was 

filed in February 2017. The building permit was 

issued in spring 2018 with the help of a valid land 

use plan. This allowed us to start, among other 

things, regional surface blasting operations. Four 

applications for water-related permits have been 

submitted so far. Two of these, the potential      

impact of rock construction on groundwater levels 

for both Sulkavuori and sewer tunnels, proved to 

be critical in the excavation schedule. The permits 

were received on time and due to no complaints 

regarding them, the excavation work could be 

started as planned. 

 

2.5 Transportation of blasted rock 
 

Rock material blasted from Sulkavuori will stay as 

a property of Tampere City. Tampere area is  

growing rapidly and there is a constant need for 

proper rock material in other construction projects. 

The Sulkavuori project produces lots of good    

material for this purpose. Transportation of rock is 

well organised, and driving routes do not go 

through narrow streets among buildings. Heavy 

traffic has easy and rapid access to the main streets 

and big roads. 

 

2.6 Controlling environmental impact and public 

relations 
 

Blasting project is always disturbing for nearby 

residence due to blasting work, drilling, loading, 

tunnel ventilation and transportation of blasted 

rock. Typically, in the working area, there are   

surface   deformations   and   possibly   changes  in    
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Figure 5. Water level tracking with an environmental monitoring system. 

 

water levels, both surface and underground, and a 

risk to damage nearby buildings and structures and 

also wells. To control these environmental issues, 

a new kind of environmental monitoring system 

was created for the project. 

     As a responsible constructor, Tampereen 

Seudun Keskuspuhdistamo Oy will follow all key 

environmental values with this environmental 

monitoring system. The system is approved with 

authorities and reports based on results are created 

regularly. Environmental impact of heavy and  

several years lasting construction is publicly     

visible for nearby residence and authorities.       

Selected environmental measurements, like 

groundwater levels and blasting progress, can be 

followed publicly with this web-based monitoring 

system. 

 

3 IMPLEMENTING SULKAVUORI 

INFRASTRUCTURE 

 

When all preliminary work for the project,         

including decisions, permits, and financing, was 

finished, project implementation planning could 

start. Flowless co-operation between different    

design lines is necessary for this kind of massive 

underground excavation project. Especially when 

a quick project startup is a target, and there are 

many restrictions caused by demanding boundary 

conditions. 

     While  considering  contract  staging,  the  goal 

was to utilise the experience that is gathered     

during all the previous work as much as possible. 

Hence the idea of having one massive                 

infrastructural project was abandoned and the   

project was split into smaller contracts. In practice, 

this has been found to be a good solution, when 

there are blasting works in demanding               

surroundings. 

 

3.1 Treatment of contaminated soil 

 

Waste has a role also in the history of the     

Sulkavuori area. There is an old municipal waste 

dump in the valley. To take care of the risk of the 

contaminated soil, landowner City of Tampere 

started first terrain work in the area. 

     While peeling the soil, the ground layers on top 

of the rock were removed inside the upcoming 

wastewater treatment plant property. There were a 

large number of large stones attached to the 

ground layers. Breaking these rocks by blasting 

caused the first effects of construction on the     

environment. Contaminated soil masses on the site 

of the treatment plant were relocated to the         

adjacent plot on a refill collar equipped with the 

gas collection and leachate collection system. 

 

3.2 First stage - regional contract 

 

The first contract in the project was named       

Regional contract,  which included earthworks and 
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Figure 6. Environmental documentation, including pre-blast inspections, are visible to 

selected project personnel. 
 

blasting of massive stones found on soil. These 

blasts did not cause much vibration, but air     

pressure, noise, and earth-moving transportation 

was noticeable and something new for residents. 

Since public briefings were appropriately held, 

people were well-briefed about the project start. 

These minor blasts did not cause a noticeable     

reaction in the environment. 

 

3.3 LOU1 contract 

 

The next contract was the first real blasting      

contract, namely LOU1. This included surface 

blasting in the yard area and outside the access 

tunnels. Also, underground blasting of access   

tunnels was included in this stage. At the           

beginning of the contract, another public briefing 

was held, which gave residents information on 

overall project progress and schedule. People were 

informed, that before this contract starts,         

comprehensive inspections of buildings and    

structures will be done. At the same time,         

preliminary risk analysis will be finalised based on 

what is found during inspections, including        

vibration limits and possibly other special           

restrictions. It was also told, that vibration      

monitoring equipment will be installed in several 

locations and vibration data is transferred in       

real-time to the contractor, contractee, local       

authorities, and vibration consult. 

 

3.4 Environmental monitoring - EMO 

 

For information management, Kalliotekniikka   

developed an environmental monitoring system, 

which was named EMO. The basic idea behind the 

system is to combine all the environmental data, 

including vibration measurements and blasting 

events from the BlastView® system, into one  

comprehensive map-based overview and user     

interface. 

     EMO stands for Environmental Monitoring 

Online. It is a browser-based system, which        

retrieves data and other perceptual materials (e.g. 

routes for blast stone transportation) from           

databases through a standardised interface (API) 

from different servers. The model and structure 

used in the system make it possible for the data to 

be fetched can come from many different sources 

and increase of the number of new sources can be 

done in a relatively flexible manner. This also     

allows that the data can be easily exploited by e.g. 

third-party systems using the standard API          

interface. 

     The starting point for the design and             

implementation of the system was to develop a 
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Figure 7. Blast locations and progress map can be viewed in the monitoring system. 

 

light and flexible software solution that would be 

easy to scale, fast and easy to use. The system was 

designed to utilise standardised interfaces and rely 

on asynchronous data transfer between the user   

interface and the server so that the good user      

response is always maintained, even if the data is 

retrieved from the slower servers or if the data 

connection is poor. The aim was also to make a 

system that would be available not only for     

desktops and laptops but also for tablets and 

smartphones. 

     The browser-based graphical user interface 

(GUI) of EMO is based on Google Maps, which 

provide access to all services available by Google 

Maps API, including normal street map, terrain 

and satellite views, Street View and the ability to 

add additional layers onto the map, e.g. mined 

tunnels and underground spaces, progress of    

mining and routes for blast stone transportation by 

lorries, working areas, cropping of the risk      

analysis and building inspections (audits) as well 

as tailored icons, which can be used for the       

visualisation of the measuring points as e.g. dust 

and noise. 

     Additional maps and other image-based         

information (e.g. work area) can be imported as 

scalable vector maps, which scale accurately and 

are fast to load from the server and can be made 

semi-transparent so that several layers can be  

added without completely blocking the views of 

other information. The Google Maps API also 

supports the display of additional information     

related to the measurement point e.g. using        

tailored graphs. 

     By clicking the measurement point icon it    

displays additional information, as pdf reports and 

graphs, including vibration measurements, dust 

and noise measurements, building inspections and 

groundwater measurements, groundwater and 

land-based water quality measurements, water 

leakage, arsenic content in the main rock species, 

radon concentrations, indoor air quality and the  

laser beams of the tunnel profile. 

     Real-time data is being retrieved from vibration 

measurements and points from the BlastView    

database. From vibration measurements, the       

interactive, scalable 3-axial vibration speeds are 

available as a function of time as well as the     

Fourier analysis and the event summary report of 

the vibration measurements. In addition, the blasts 

are shown on the map, providing information 

about the blasting time, the type of detonation (e.g. 
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Figure 8. EMO system gives easy access to Google's Street View, which can be used to view the houses that 

have been inspected and have seismographs installed. 
 

the blasting of loose stones), the blasting field size, 

the momentary kilos and the size of the field.    

Besides, the user sees the blasting point summary, 

which seismographs have exceeded the trigger 

value and recorded the vibration curves, and 

whether there was any vibration overflow. Also, 

the distance from each blast to the seismographs 

reacted is shown. 

     There are two versions of the system that differ 

in terms of permissions: 1) The working site     

version, which provides all collected and       

measured information, and 2) the public version, 

which provides information agreed to be publicly 

available in the resident events. EMO provides  

this through a common view and is a tool for the 

people and project staff in the surrounding area for 

flexible and real-time handling of possible conflict 

situations. 

     An example of a complaint could be a situation 

in which blasting has caused considerable          

vibrations in the property of near-by resident and 

he calls the site supervisor related to this matter. 

During the call, the site supervisor can open the 

EMO system, ask the caller the address of the real 

estate, and then check with EMO to see if the 

seismograph is installed on the premises, how far 

it is from the blasting point. Further the supervisor 

can check how near the vibrations are of the        

allowable limit value to the building in question, 

open the Google Street View and assess, among 

other things, whether the air pressure could have 

caused vibrations to the property and to open the 

minutes of the inspections and check out the       

establishment and building material used. 

     On this basis, the worksite supervisor can   

conduct an expert conversation with the caller and, 

if necessary, agree about an inspection to be made 

to the property. This prevents, among other things, 

the spreading of negative information in the      

residential environment, saving time and             

increasing residential satisfaction. It was important 

for the residents of the nearby properties that they 

were guaranteed access to the selected                 

information, such as the monitoring of       

groundwater levels and the progress of blasting. 

For this purpose, the public EMO website was 

opened. 

     When writing this article, the excavation work 

LOU1 has progressed to the final stage and the  

access tunnels are almost finished. Intense          

interaction with the local inhabitants has           

continued in the form of organised residential 

events. The vibrations have been kept within       

allowed limits. There have been few contacts from 

the nearby residents related to vibrations and     

air-wave pressures, but those have been handled 

fast and in a professional manner by utilising the 

above-described functionalities of the EMO      

system. 

 

3.5 LOU2 contract 

 

Excavation of water purification halls, sewage 

tunnels and shafts are included in blasting phase 
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LOU 2. Rock mass to be excavated is more than 

half a million solid cubic metres immediately next 

to private houses, which is not the case in a normal 

situation. To reach the timetable targets blasting 

must be done in two shifts There will be several 

blasts during the day and compared to phase 

LOU1 vibration and air overpressure from blasts 

will be spread and noticed in wider areas. 

     Taking into account all these environmental   

effects requires strong experience from all          

involved parties, as well as good coordination and 

patience in handling complaints from the       

neighbourhood. Though the goal is to minimise all 

disturbance, it is a reality, that this kind of project 

cannot be accomplished without disturbance to 

people living nearby. 

 

4 CONCLUSIONS 

 

Doing massive blasting in an urban area is always 

a big challenge to all parties involved. In Finland 

there has been during years several huge blasting 

projects in the middle of residential area and     

experience caught has been a basis while           

developing the EMO environmental system. 

     When considering key aspects of the        

Sulkavuori project, at all levels, these words come 

to mind: experience, innovation and strong        

professional attitude. 

     The Contractee chose at the very beginning of 

the project designers who were experienced in  

implementing wastewater treatment plants in    

demanding circumstances. The blasting consultant 

chosen has decades of experience for projects      

in a challenging environment. Demanding,       

professionally done tenders helped the decision to 

choose a greatly experienced contractor, that has 

completed several similar projects successfully. 

When combined these skilled people and        

companies, one can expect to achieve a good    

project with minimum problems. 

     When writing this article, blasting still goes on 

for a long time, but experience so far has been 

great. Open discussion with the neighbourhood  

has made it possible to go on without bigger   

complaints. Environmental authorities have got, 

thanks to EMO, for the first time real online info 

of all environmental measurements which has 

made practical work easier by minimising          

bureaucracy. 

     The contractor has got vibration results in real 

time and has been able to plan drilling and ignition 

system with the help of BlastView® and EMO. As 

a result, the project has advanced in an efficient 

and safe manner. Supervision has now a           

possibility to follow results in real time and has  

reacted immediately in case needed to help in the 

rapid completion of the project. 

     In Finland, this may be one and only of this 

type of huge blasting projects with so few       

complaints due to blasting. Big thanks to this     

belong to all parties involved. 

     This Sulkavuori project is a good example of 

what can be achieved with an open dialogue with 

the contractee and people in the neighbourhood. 

It’s important to share essential and real info at the 

right time. Several briefings for residents seems to 

be a good tool. During the realisation of this     

project the need for exact information grows. This 

EMO environmental system is an excellent tool to 

fulfil these requirements and wishes. 

     This type of environmental system can        

naturally be used also in projects outside urban  

areas by choosing those parameters essential to 

each type of project. 
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1 INTRODUCTION 

 

The expansion of coalmines in the Hunter Valley 

of New South Wales (NSW), Australia, has        

resulted in a significant increase in the number and 

size of coal trains passing through the city of  

Maitland over the past decade. The noise            

associated with this increase has had an impact on 

the local residents. In order to address community 

concerns, measurements are required to quantify 

this impact by a comparison against current  

standards applicable to train noise. However,    

although there has been a large volume of work 

conducted worldwide on noise produced by      

passenger and freight trains, it is difficult to find 

any reasonable set of measurements and analyses 

for the noise produced by coal trains. In this       

regard, coal trains are much slower, heavier and 

longer than passenger trains and most freight  

trains and so would be expected to have different 

noise characteristics. Thus, it is also important to 

evaluate the effectiveness of any noise standard to 

reliably assess the impact of coal train noise on the 

local community. 

     There are a number of metrics currently used to 

quantify train noise, with LAFmax, LAeq and sound 

exposure level (SEL) being among the more 

prevalent measures. The metric LAFmax is typically 

obtained using a standard sound level meter set on 

A-weighting and with the so-called ‘Fast’ time 

constant, τ, of 0.125 s used in the rms averaging. 

The metric LAeq is similarly obtained but with a 

much longer time constant, typically of the order 

of hours or more. However, any long-time-

averaged metric is not particularly useful for      

assessing the community impact due to an          

individual and large amplitude event of              

approximately two minutes duration, typical of 

that produced by a single coal train. The noise 

from such an event superimposed on an otherwise 

Broadband noise from empty and loaded coal trains 
 
D.P. Blair 
Blasting Geomechanics, 20 Cinnabar Place, Carine, WA 6020, Australia. 

 

 

 

 

 

 

 

 

 
ABSTRACT: Noise levels produced by 1157 coal trains were recorded at two residential locations and 

quantified by two waveform metrics: the absolute peak, Apk, and the standard measure, LAFmax. The  

probability density function for these metrics was found to be multi-modal, implying a number of     

mechanisms (engine noise, rolling noise, brake squeal and carriage bunching - concertina effect). Peak 

level and spectral analyses show that empty coal trains, moving at high speeds, produce significant levels 

due to rolling noise and carriage bunching under severe braking. Reducing this speed should lower the 

impact of train noise on the local community. In this regard, train noise recorded at the residential          

locations is above the level considered reasonable by many jurisdictions worldwide, and noise recorded at 

the closer residence exceeds the Environmental Protection Authority Guidelines. The evidence shows that 

LAFmax is not as reliable as Apk when assessing human response to this noise. 
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quiet background could wake a sleeping resident, 

yet its LAeq value could be insignificant due to the 

large averaging period. The SEL metric, too, is not 

particularly useful in this regard either, because it 

is a measure of the total energy of the noise event 

and thus does not distinguish between a long     

duration train noise of low level (which will not 

disturb sleeping residents) and a short duration 

noise of high level. The metric LAFmax is less    

susceptible to this problem because of its shorter 

averaging period, and so is applied in many        

jurisdictions worldwide to assess the impact of 

noise due to the high volume movement of       

passenger and freight trains. For example, in the 

United States of America, LAFmax is used to     

identify excessive rolling noise and engine      

noise when enforcing compliance regulations     

for railway noise emission (Hansen et al.      

2012). 

     Based on the work of Jerson et al. (2007), 

Sweden established the guideline of 70 dBA for 

LAFmax in the outdoor environment close to       

residences. Elmenhorst et al. (2013) investigated 

the sleep disturbances of people living alongside 

railway tracks in Cologne/Bonn (Germany). They 

determined that there was a 21% probability of 

sleeping people waking fully or entering the    

lightest state of sleep if LAFmax due to train noise 

was 80 dBA. Furthermore, the rise time of noise 

events had a significant impact on awakening 

probability. The maximum permitted LAFmax    

levels for any noise generated during night hours 

in most cities and major towns of New Zealand is 

in the range 70 dBA to 80 dBA for non-

commercial and non-business areas. The only    

exception is Wellington, which imposes a blanket 

level of 85 dBA. The Environment Protection   

Authority (EPA, 2013) of NSW also set a guide-

line based on an LAFmax trigger level of 85 dBA 

and stipulated that 95% of trains should not exceed 

this level at residential properties. As a guide to 

control noise at the source, the Australian Rail 

Track Corporation (ARTC, 2013) stipulates that 

LAFmax should not exceed 87 dBA under any train         

operating condition when measured 15 m from the 

centre of the rail line. 

     Any attempt at reducing the noise produced by 

coal trains should involve some understanding of 

the noise mechanisms themselves. There are a 

number of such mechanisms, and excluding horn 

blowing, they can be broadly classified as engine 

noise (emanating from the power unit), rolling 

noise (due to wheel/rail interaction) and brake 

noise. The degree to which each of these        

mechanisms contribute to the total noise depends 

upon many variables such as engine type; number 

of carriages; train length; wheel, brake, axle and 

rail condition; axle load; train speed and degree of 

brake application. The modelling of wheel/rail 

noise is reported in Remington (1976, 1987); 

Thompson & Jones (2000) give a review of some 

of these variables pertinent to the rolling noise of 

passenger trains. 

     The main aim of the present work is to measure 

and classify the noise from a large number of  

empty and loaded coal trains, and to determine 

their impact on the local community. Although the 

peak noise metric LAFmax is mostly used because it 

is a recognised standard, concerns are raised with 

regard to its applicability to assess the impact on 

the community. Thus, another metric, the peak 

level, Apk, of the A-weighted waveform, is also 

used, which does not involve any averaging     

process. Of particular interest is the probability 

density function (pdf) for these two metrics       

because it gives information on the modality of the 

noise distribution and also allows a calculation for 

the probability of exceeding any prescribed level 

of train noise. Insights on the noise mechanisms, 

themselves, are obtained from the associated noise 

waveforms, whose shapes as a function of time, t, 

for any particular event are displayed as either a 

fast (F) time constant rms ‘waveform’ given by 

LAF(t) or as an A-weighted waveform, pA(t); the 

peak values of these waveforms are LAFmax       

and Apk, respectively. The amplitude spectrum     

of pA(t) will also be used in the noise                

classification; in this regard it should be             

appreciated that it is meaningless to Fourier        

analyse LAF(t) because it is a positive-definite 

‘waveform’. 

     In the present investigation, particular train 

noise mechanisms will be identified by their noise 

metrics as well as their spectral characteristics. In 

particular, high-resolution time-frequency analysis 

will also be used to clearly delineate these      

mechanisms. 

 

2 HUMAN PERCEPTION AND THE NOISE 

METRIC LAFmax 

 

The non-nonlinearity associated with the human 

perception of noise is embodied in the well-known 

Fletcher-Munson curves (Fletcher & Munson 

1933), which describe the frequency response of 

the human ear as a function of apparent loudness 

(measured in phons). In this regard, A-weighting  

is supposed to approximate the human ear          

response at an apparent loudness of 40 phons, and 

B-weighting is supposed to approximate the     
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human ear response at an apparent loudness of 70 

phons. The A-weighting response is less linear 

than the B-weighting response, and thus the 

Fletcher-Munson curves imply that the response of 

the human ear becomes less linear as the apparent 

loudness decreases. This explains why it is        

difficult to hear low frequency soft sounds. The 

use of an A-weighting scheme (rather than B- or 

C-) can thus be justified as a conservative estimate 

as far as legislative issues are concerned. In other 

words, human perception will be governed by the 

A-weighted waveform, pA(t), having a peak value 

Apk. 

     However, the rms averaging used to determine 

the metric LAFmax will result in a value               

significantly less than Apk, especially for high-

frequency transient noise sources. In this regard, 

Madsen (2005) has questioned the use of an rms 

measure, and shows that in some circumstances, 

Apk is a more appropriate measure of noise        

impact. 

     Thus, in any assessment of noise due to coal 

trains, it is reasonable to discuss the rationale    

behind the metric LAFmax. Earshen (2000) makes 

four claims that are pertinent in this regard. Firstly, 

the literature contains only sparse information on 

developing any rationale for the numerical value 

of 0.125 s chosen for τ, based on psychoacoustic 

and physiological models of the hearing process. 

Secondly, this particular value is not substantially 

supported or universally accepted. Thirdly, it is 

reasonable to speculate that instrument designers 

of sound level meters originally chose both the 

‘Fast’ and ‘Slow’ time constants for instrument 

ease of use, i.e. to reduce rapid fluctuations in    

instrument readout. Fourthly, the dynamics        

associated with these instruments have had a    

significant influence on the definition and       

computation of important sound measurement 

metrics. 

     Any reasonable and current search of the       

literature would generally support all these claims 

of Earshen (2000). For example, the standard and 

well-known text of Fastl & Zwicker (2007), which 

deals with the human perception of noise, makes 

no mention of either LAFmax or its time constant, τ 

= 0.125 s. Seong et al. (2013) used a number of 

noise metrics to assess human annoyance to the 

noise generated by wind turbines. Although they 

showed statistically that LAFmax was superior to 

LAeq for this assessment, the metric Apk was not 

considered. In any case, it is reasonable to expect 

that wind turbine noise might be amenable to rms 

evaluations because it is relatively consistent   

(although amplitude modulated), persistent and  

not prone to the transient events that typify much 

of the noise produced by coal trains (such as     

carriage concertina due to heavy braking, brake 

squeal or rolling noise from carriage wheels with 

flat spots). 

     It should also be noted that the rise time of the 

impulse response for the A-weighted filters is    

approximately 0.01 ms, and the pulse duration is 

less than approximately 0.5 ms (ANSI 2001). 

These time scales are much less than τ, which   

implies that the human ear can respond at times 

much faster than the time constant used to          

determine the LAFmax metric. This fact, alone,   

implies that the LAFmax metric will be insensitive 

to the high-frequency noise detected by humans.  

It is for such reasons that the metric Apk is also 

used. 

 

3 SETUP AND METHOD OF NOISE 

MEASUREMENT 

 

Noise measurement systems were established at 

one of two locations, JP or FF, near a railway 

bridge in Maitland, as illustrated in Figure 1. The 

location JP was approximately 10 m from the 

closest dwelling and 55 m from the bridge; FF was 

at the boundary of a residential property and 76 m 

from the bridge. These distances are also           

representative of residential property lying    

south-west of the bridge. The travelling directions 

of the loaded and empty coal trains are also        

indicated in Figure 1, for which the empty trains 

were on a line closest to JP and FF. Furthermore, 

there were train Stop/Start Lights approximately 

100 m along the line from the western end of the 

bridge, which enabled measurements of train noise 

under braking and acceleration. 

     Each noise waveform at the station of interest 

was recorded by a 24-bit data acquisition system 

using a sample interval of δt =0.02 ms. The noise 

detector was a ½ inch pre-polarised free-field PCB 

377B02 microphone coupled to a low noise pre-

amplifier ICP426E01, with uniform response (± 2 

dB) over the frequency range 3 Hz to 20 kHz and a 

calibrated sensitivity of 45.8 mV/Pa. The           

microphone was placed 1.5 m above the ground 

and covered with a windscreen of 10 cm diameter. 

     Raw noise waveforms (linear, i.e. L-weighted, 

Pascals) were recorded for 694 coal trains at JP 

and 463 coal trains at FF, and involved 53        

separate recording sessions over the period of  

August 2013 to July 2014. It was impractical to be 

onsite at all times, however during periods of site 

attendance it was possible to identify 44 empty 

and 50 loaded coal trains.   Each recording session 
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Figure 1. Location of the two noise monitoring stations. 

 

was continuous, and typically lasted for 6 to 10 

hours, day and/or night, with data stored directly 

to a 32 Gb flash drive. The L-weighted waveforms 

were converted to pA(t) waveforms using the     

digital filter (pole-zero) specifications for            

A-weighting given in ANSI (2001). The filter was 

implemented using Fast Fourier Transform (FFT) 

techniques and tested to verify that its impulse   

response was in agreement with that shown in 

ANSI (2001). 
     As noted previously, the noise measurement 

metric of primary interest in the present              

investigation is LAFmax. Let the waveform pA(nδt) 

represent the discretely sampled A-weighted   

pressure waveform at a time t = nδt (n an integer 

from 1 to N) for any single event (such as a train 

pass-by) of duration Nδt. It is also convenient to 

define a resampling based on a sequence of non-

overlapping time windows set by the time        

constant, τ. In this regard, let nδt = mτ (m an       

integer from 1 to Nδt/τ); also assume that there are 

(2k+1) original sample points in the time window, 

τ. LAFmax is then calculated from the following 

equations: 
 

        (1) 
 

                        (2) 

 

                        (3) 

 

                                                         (4) 

 

     where P0 is the reference pressure of 0.00002 

Pa. Equation (1) is a first order recursion filter to 

apply the required exponential weighting,      

Equation (2) is an rms evaluation of the pressure 

fluctuation and Equation (3) is a waveform (in dB) 

for the A-weighted rms level of the noise, which 

can be plotted as a function of the course time, mτ. 

If the time constant, τ, is set at the so-called ‘fast’ 

(F) value of 0.125 s then the measure LAFmax for 

the particular event is given by the maximum    

value of the waveform LAF(mτ) over all m.        

Because of the rms given by Equation (2), the  

value of LAFmax for the event will invariably be 

much less than the event peak, Apk. Due to the 

high sampling rate (50000 sps) it is not feasible to 

plot any extended time waveform (in dB) as a 

function of nδt. Thus all other waveforms, such as 

pA(nδt), are also plotted as a function of mτ, in 

which each of these coarse samples is given by the 

maximum value of pA(nδt) over a τ = 0.125 s non-

overlapping time window. This approach also    

ensures consistency between the plots of all    

waveform types. 
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Figure 2. Histograms of LAFmax values at monitoring stations JP and FF. 

 

4 RESULTS 

 

4.1 Peak levels of noise and their distribution 

 

Figure 2 shows the histograms of the LAFmax      

determined for all those trains recorded at JP and 

all those recorded at FF. The bin width, W, chosen 

for these histograms is based on the rule of Scott 

(1979), which minimizes the asymptotic mean    

integrated square error (AMISE) and is given by 
 

                                                    (5) 
 

     where σ is the standard deviation of the data of 

M samples. For the JP and FF locations, W was  

determined to be 1.86 dBA and 1.68 dBA,          

respectively. 

     Although histograms are useful in describing 

the total number of train events within a given    

interval of LAFmax, they are not the best descriptors 

of the underlying pdf, which must realistically be 

smooth. Because of this limitation with              

histograms, there has been a significant and 

worldwide effort on developing statistical methods 

to estimate the pdf (Jones et al. 1996). Two of the 

more recent non-parametric kernel methods are 

used to estimate the pdf. Method 1 employs a 

Gaussian kernel with a bandwidth determined by 

an iterative technique (Alexandre 2008) and 

Method 2 employs a Students-t kernel with a 

bandwidth determined by a biased cross-validation 

technique (Abadir & Lubrano 2010). Figure 3 

shows the pdfs estimated by Methods 1 and 2 for 

the LAFmax values calculated from the current data 

sets. These two vastly different methods estimate 

very similar pdfs for each location (JP, FF), which 

is evidence that each of the plots in Figure 3 is a 

reliable estimate of the underlying pdf of the  

LAFmax values. In fact, the results for Methods 1 

and 2 are practically indistinguishable at the JP  

location. These distributions are clearly non-

normal and multi-modal, which is consistent with 

a number of non-random mechanisms contributing 

to the total noise (see Section 4.4, later). The pdfs 

of the LAFmax metric are also required later      

(Section 5) in order to assess the impact of train 

noise on the local community. The pdfs of the 

peak values, Apk, were determined at both          

locations and also found to be non-normal and 

multi-modal (results not shown). 

 
4.2 Noise signatures and their durations 

 
In the present investigation, there are four primary 

causes of the noise recorded at each monitoring 

station; a) engine noise (from the locomotive) as 

trains approach the monitor, b) rolling noise as the 

whole system (engine plus carriages) interacts 

with  the  railway  bridge, c)  brake  squeal,  and d)  
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Figure 3. Non-parametric estimates of the noise pdf. 

 

Figure 4. Noise signatures for six coal trains either empty (E) or loaded (L). 

 

carriage bunching in a concertina effect under    

severe braking. Naturally, a) and b) are always 

present whereas c) and d) arise only on braking.            

Furthermore, only b) is dependent upon the       

particular bridge in question, all other causes 

would apply to coal train noise in general.      

However, it should also be noted that the bridge in 

question is also typical of many railway bridges 
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Figure 5. The engine noise peak followed by the rolling noise for empty and loaded coal trains. 

 

used for coal transport. Figure 4 shows the LAF(t) 

noise signatures produced by a sequence of 6     

observed coal trains either empty (E) or loaded (L) 

and recorded at JP. The trains arrived in the time 

order shown, however the typically large delay 

times between each train have been eliminated for 

clarity. The hallmarks of engine noise and rolling 

noise are clearly seen in these signatures. For    

example, the rise time to the peak of the first     

signature is approximately 20 s, which              

corresponds to a train travel distance of              

approximately 280 m (assuming a constant train 

speed of 50 km/h). The peak of this loaded coal 

train signature occurs when the locomotive    

reaches its closest proximity to the JP monitor 

(Figure 1), and is due purely to engine noise. At 

this close proximity, the locomotive also reaches 

the railway bridge and the rolling noise          

commences; thereafter the engine noise decreases 

as the locomotive recedes from the monitor. The 

rolling noise continues whilst any part of a train is 

on the bridge, abruptly decreasing when the last 

carriage leaves the bridge because the ballast on 

solid ground provides suitable attenuation of the 

rolling noise. 

     It can also be seen in Figure 4 that the          

signatures of empty coal trains are                    

characteristically different to those of loaded coal 

trains. In order to investigate this issue in more  

detail, Figure 5 shows the early times of average 

signatures for 6 loaded and 6 empty coal trains 

recorded at JP; these signatures include those 

shown in Figure 4 as well as another 6 observed 

trains during the same recording session. The peak 

of the engine noise is centred on zero time for 

convenience. Four aspects are clear. Firstly, the 

rise time for the engine noise of loaded coal trains 

is much larger than that for empty coal trains, and 

is due, in part, to the slower speed of the loaded 

trains. Secondly, for loaded coal trains the peak 

engine noise is significantly larger than the rolling 

noise. Thirdly, rolling noise dominates engine 

noise for times greater than approximately 10 s. 

Fourthly, and most importantly, empty carriages 

produce more rolling noise than loaded carriages. 

     It is also obvious from Figure 4 that the pass-by 

duration of the empty trains is smaller than that of 

the loaded trains, which is a direct consequence of 

the slower speed of the loaded trains. The        

maximum speed of empty coal trains is generally 

limited to 80 km/h and that of loaded coal trains is 

limited to 60 km/h; also, the average length of 

most coal trains is 1565 m (ARTC                    

documentation). Assuming a bridge length of 50 m 

(Figure 1) and a constant train speed would result 

in a minimum duration limit of 73 s for empty 

trains and 97 s for loaded trains. However,         

according to recent ARTC statistics, these trains 

generally travel somewhat slower than the       

specified limits. This is consistent with the train 

signatures of Figure 4, for which the average     

duration  of  the empty trains is 85 s and that of the  
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Figure 6a. A map of the relative concentration of 1157 coal trains; white circles show data for observed 

empty trains, black crosses show data for observed loaded trains. 

 

Figure 6b. A map of the difference (Apk - LAFmax) for all coal trains; white circles show data for observed 
empty trains, black crosses show data for observed loaded trains. 
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Figure 7. Amplitude spectra for loaded and empty coal trains. 

 

loaded trains is 123 s. 

     The noise durations for all 1157 trains were 

then determined along with their associated values 

of LAFmax, and these (duration, LAFmax) pairs were 

then smoothed with a bivariate Gaussian kernel to 

determine a relative concentration of trains as a 

function of the duration and LAFmax. Figure 6a 

shows a map of this relative concentration. The 

white solid circles show the pairs associated with 

the 44 observed empty trains and the black crosses 

show the 50 pairs associated with the observed 

loaded coal trains. It is clear that the observed 

empty trains are associated with the zone of high 

concentration for durations below 125 s, and the 

observed loaded trains are associated with the   

zone of lesser concentration for durations above 

125 s. Thus, although most of the trains were not 

directly observed, the map of Figure 6a implies 

that there is a high concentration of empty trains 

producing a high level of noise and a lesser      

concentration of loaded trains producing, on      

average, a lower level of noise. 

     Figure 6b shows a map of the difference        

between the peak, Apk, of the A-waveform and 

LAFmax; the mean difference over all trains was 

calculated as 12.2 dBA. However, this difference 

varied between 6.5 dBA and 18.5 dBA. The small 

circular contours represent individual trains. It is 

also worthwhile noting that Madsen (2005) found 

the difference (Apk - LAFmax) to lie between 2 dBA 

and 12 dBA during investigations of transient 

noise impacts on marine mammals. As shown in 

Figure 6b, the difference (Apk - LAFmax) is highly 

variable for coal train noise. This finding is      

consistent with the fact that LAFmax is insensitive 

to the high frequency content of each train event, 

which is variable depending upon the degree to 

which each noise mechanism is present. The    

human ear is capable of detecting this variable  

frequency content, and, as previously noted in  

Section 2, this casts doubt over the use of the 

LAFmax metric to reliably assess human response to 

coal train noise. 

 

4.3 The spectral content of train noise 

 

Figure 7 shows the mean amplitude spectrum of 

the 6 empty trains and 6 loaded trains whose early 

time signatures are shown averaged in Figure 5. 

All amplitude spectra in the present work are  

evaluated from A-weighted waveforms, pA(t), (in 

Pa) using the minimum bias method of Riedel      

& Sidorenko (1995) to reduce amplitude          

contamination associated with the FFT window. 

Figure 7 shows that the empty trains, when     

compared to loaded trains, have a significant    

amplitude contribution in the audible region above 

400 Hz, which is due to high frequency rolling 

noise when empty carriages cross the bridge.  

Considering the carriages as a general mass-spring 

system, the increased mass of loaded trains is    

expected to reduce their frequency content.      
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Figure 8. Abnormally broad noise signature of a loaded coal train demonstrating noise mechanisms;           

A- engine noise, B - brake application inducing slight concertina; C - slowing; D - carriage reverse         

concertina; E -increasing speed; F - last carriage off bridge. 

 

Furthermore, it is also possible that any movement 

of coal within loaded carriages will further   

dampen the rolling noise. 

 

4.4 Mechanisms of noise observed from          

signatures 

 

Figure 8 shows a noise signature for a loaded coal 

train observed passing the monitoring station JP. 

The duration of this signature is abnormally large 

because the train gradually slowed over the bridge, 

almost halting, then increased its speed. Particular 

noise events that occurred are labelled                

alphabetically: A - engine noise increases as the 

locomotive approaches the bridge directly         

opposite JP, the train is also slowing at this stage; 

B - brakes are applied to increase slowdown, 

which induces a slight concertina of carriages;      

C - train continually slowing, almost halting at  

approximately 185 s; D - carriage shudder (reverse 

concertina) as train accelerates; E - train            

continually increases speed; F – last train carriage 

leaves bridge. 

     Figure 9 shows a time-frequency map of the A-

weighted waveform (in Pa) whose associated 

LAF(t) waveform is shown in Figure 8. All      

time-frequency responses in the present work are 

evaluated using the reassigned S-method of     

Djurovic & Stankovic (1999) which significantly 

reduces the FFT window influence and thus gives 

better spectral resolution than that of the standard 

spectrogram. Figure 9 shows a series of harmonic 

bands up to approximately 1 kHz (and possibly 

higher) that, as time progresses, gradually decrease 

in frequency then subsequently increase. Thus 

these harmonics are obviously related to train 

speed, which implies wheel noise. The engine 

noise is seen as the dominant components at      

approximately 40 s, and the brake application, 

which induces a carriage concertina, is seen as the 

short-duration, broadband component at 75 s. The 

other short-duration, broadband component at 190 

s is due to the reverse concertina of carriages as 

the train accelerates. The remaining spectral   

components shown in the map are responses due 

to the general rolling noise, which produces     

fluctuations over most of the signature of         

Figure 8. 

     Figure 10 shows the pA(t) and LAF(t) noise 

waveforms from an unidentified coal train on 

21/12/2013 that woke a local resident who        

recorded   the   time   as  approximately  11.50 pm, 
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Figure 9. Time-frequency map corresponding to the event shown in Figure 8. 
 

Figure 10. Noise waveforms from an unidentified coal train, consistent with high speed and carriage           
concertina (the high transient) under sudden application of brakes. 

 

consistent with the time logged on the waveform 

file. The noise metrics for this event are Apk = 

104.0 dBA and LAFmax = 90.1 dBA. The lack of a 

dominant engine noise at the front of the record as 

well as relatively high noise levels over the first  

40 s  suggests  rolling  noise  from  an  empty train 

travelling at high speed. The peak at                   

approximately 41 s and subsequent decay is also 

consistent with the signatures observed for empty 

coal trains under rapid braking, producing a     

concertina of carriages before halting. Presumably 

the  Stop  Lights  on  the  western  side  of  the  rail 
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Figure 11. Time-frequency map of the suspected concertina event. 
 

Figure 12. Noise signatures showing a train arrival at 10 s and time zone of brake squeal. The grey 
shaded region is 3 dB above LAF. 

 

 

bridge (Figure 1) had turned Red and carriages had 

halted on the bridge itself. It is considered very  

unlikely for a loaded coal train to have such a 

short-term response. The LAF waveform is also 

shown vertically shifted by 13.86 dBA in order to 

match  its  peak  with  the pA waveform peak. This 

 

 

shifted waveform demonstrates two pertinent   

limitations associated with an LAF measure.   

Firstly, the LAF measure filters out most of the 

rapid variations in rolling noise across the bridge; 

these variations are clearly seen in the pA       

waveform,   and   are   the   source  of  concern  for         
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Figure 13. Amplitude spectrum of the train event; dominant components of brake squeal lie above 4 kHz. 

 

local residents. Secondly, the LAF measure       

underestimates the difference between train rolling 

noise (background) and the peak of a dominant 

event. For the case in Figure 10, the mean         

underestimation can be calculated as the average 

value of (LAF + 13.86 - pA) over the time            

interval of 5 s to 40 s; this results in a mean       

underestimation of 2.9 dBA for the particular 

event shown in Figure 10. Both these limitations 

arise because of the rms evaluation imposed by the 

LAF measure. 

     Figure 11 shows a time-frequency map for a 6 s 

portion of the noise signature of Figure 10, which 

includes the broadband signature of the suspected 

concertina of train carriages. It can be seen that, 

prior to the dominant event, the harmonics up to 1 

kHz are more widely spread than those of a known 

loaded train shown previously in Figure 9. This 

wider spacing of harmonics is consistent with   

faster wheel rotation, i.e. higher train speed, and 

thus is also further evidence that the train in    

question was empty rather than loaded. 

     Figure 12 shows the pA(t) and LAF(t) signatures 

from a train arrival at 10.03 pm, 26/10/2013; a 

significant squeal of the block brakes was heard 60 

s after arrival, and its time region is indicated on 

the signatures. Unfortunately, the status of this 

train (empty/loaded) was not logged. The brake 

squeal was the most annoying noise component of 

this train pass-by although this psychoacoustic   

assessment is not reflected in the peak levels of the 

noise signature, which occurred prior to braking. 

In this regard, the human perception of sound    

depends on factors such as sharpness, roughness, 

loudness and tonality (Thompson & Jones 2000). 

Thus, the spectral content of the sound source is 

also important for human perception. The grey 

shaded region shown in Figure 12 is 3 dB above 

the LAF signature. If the sound is a pure monotone 

of sufficient duration then (pA – LAF) = 3 dB, and 

thus the shaded region should just touch the pA 

signature. The fact that this does not occur implies 

that there are no monotones present anywhere      

in the signature. However, there are regions,       

including the brake squeal, where the shaded zone 

is closer to the pA signature than it is elsewhere, 

implying that these regions might be more tonal 

than other regions. 

     Figure 13 shows the amplitude spectrum of the 

train event depicted in Figure 12. The main    

component of brake squeal is seen as the           

significant contribution at approximately 6 kHz. 

The amplitude density below 2 kHz is similar to 

that from trains without brake squeal (see Figure 

7). Figure 14 shows a time-frequency map of the 

train pass-by signature of Figure 12. The decrease 

in the harmonics seen at early times and            

frequencies less than 1 kHz are consistent with a 

slowing train. The brake squeal component is 

dominant at 6 kHz, and there is an indication that 

the brakes were briefly applied at approximately t 

= 28 s before being applied for a longer duration 
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Figure 14. Time frequency map of train pass-by showing brake squeal at 6 kHz. 
 

Figure 15. Time-frequency map showing detail of the brake squeal. 

 

from 50 s to 90 s, approximately. Figure 15 shows 

the detail of the 6 kHz component over this        

duration. It is clear that the brake squeal is not a 

pure monotone, showing evidence of dispersion 

and frequency decreasing with time, which is   

consistent with brake fade. The periodic variations 

along this time-frequency profile might also be   

related to a slip-stick mechanism between the 

wheel and brake components. 

     The highest level of noise measured during this 

investigation was due to a train horn recorded at JP 

at 10:20 pm on 21/9/2013. Monitored horn     

events are quite rare in this investigation, and thus 

have not been included in any previous peak level 
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Figure 16. Noise signatures of train background noise and horn. 

 

analysis. The linear (L) waveform, pL(t), as well as 

pA(t) and LAF(t) signatures are shown in Figure 

16; their peak levels (dB) are 114.3, 113.1 and 

102.0, respectively. The 6 seconds of waveform 

preceding the horn event are due to the train   

background noise, which, itself, commenced some 

30 s prior. The average value of pL(t) - pA(t) is 

within 2 dB for the duration of the horn signature, 

and this implies that most of the horn energy is in 

the dominant audible region, as is expected for a 

well-designed horn. 

 

5 TRAIN NOISE IMPACT ON THE LOCAL 

COMMUNITY 

 

Although the evidence suggests that there are 

problems associated with the standard metric, 

LAFmax, it is an accepted measure and so is   

worthwhile using as a comparative assessment     

of the impact of train noise on the local          

community under consideration. As noted in the 

Introduction, and with regard to general train 

noise, many jurisdictions impose a maximum 

noise level, LAFmax, between 70 dB and 85 dB. On 

the other hand, psychoacoustic trials suggest that 

the 85 dB level is somewhat excessive, and that 

problems could even arise with a limit of 80 dB 

(Elmenhorst et al. 2012). However, from a      

probabilistic viewpoint, it is somewhat unrealistic 

to set an absolute limit. Most jurisdictions     

would probably require that the imposed level     

be exceeded by no more than a specified           

percentage of train events, often set at 5% as in 

EPA (2013). 

     A probabilistic analysis is required to obtain 

this 5% exceedance level for a direct comparison 

against the guidelines specified by a particular    

jurisdiction. If ϕ(v) represents the pdf in terms of 

the measured peak values, v, (as shown in Figure 

3) then the probability of exceeding any prescribed 

value, vP, of peak noise level is given by: 
 

P(vP ) = 1- f(v)dv

0

v
P

ò
                              

 

     Figure 17 shows the probability, P(vP), of          

exceeding any prescribed peak noise level          

for coal trains recorded at the JP and FF locations. 

These probability plots are given for ϕ(v)            

estimated using the biased cross-validation     

method of Abadir & Lubrano (2010). With regard 

to the JP location, Figure 17 shows that there        

is a 17% probability that LAFmax will exceed 85 dB 

for any coal train pass-by, which exceeds            

the 5% criterion set by the NSW EPA (2013).  

Furthermore, the probabilities that LAFmax will  

exceed 70 dB and 80 dB are 98% and 76%,        

respectively, and at the FF location these          

probabilities are 92% and 10%, respectively. The 

impact of such levels of train noise on a local 

community would be a matter of concern            

for other jurisdictions (Hansen et al. 2012, Jerson 

et al. 2007). 

(6) 
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Figure 17. The probability that LAFmax will exceed a prescribed level of noise, vP. 

 

6 CONCLUSIONS 

 

The experimental evidence suggests that the 

standard acoustical measure, LAFmax, may be     

unreliable when applied to the human perception 

of coal train noise. For example, the rolling noise 

as trains pass over the bridge is invariably heard as 

a sequence of highly fluctuating events, especially 

if the train is empty. These events are dominated 

by influences such as the speed of the train and 

state of the wheels and axles from carriage to    

carriage. However, Figure 10 clearly shows that 

the LAF waveform is too smooth and does not  

capture the full impact of such fluctuations (as 

shown by the associated pA waveform).            

Furthermore, the LAF signature underestimates 

any loud impact, such as carriage concertina under 

braking. It is thus more reliable to use the pA    

signature because it does, at least, always capture 

the maximum dBA level produced by the train,   

irrespective of the particular characteristic of the 

noise. By the same reasoning, an argument could 

be made to replace the waveform LAF by the 

waveform pA for any source, train or otherwise. 

This would imply replacing the standard peak  

level LAFmax by the true peak level Apk, which will 

also eliminate any problems associated with the 

variability of LAFmax compared to Apk (see Figure 

6b). Furthermore, with regard to the human      

perception of noise in a general sense, it also     

appears reasonable to question any standard    

noise metric, such as LAFmax, which, by its        

implementation, significantly reduces all audible 

levels of peak noise; in the case of coal train noise 

this reduction is shown to be 12.2 dBA on         

average. 

     Nevertheless, irrespective of any problems    

associated with the metric LAFmax, the evidence 

(summarised by Figure 17) suggests that the train 

noise measured at the two residential locations, JP 

and FF, is above the level considered reasonable 

by many jurisdictions worldwide. Furthermore, the 

train noise levels recorded at the JP location are 

above the EPA (2013) guidelines. The installation 

of acoustic screens should reduce the level of    

engine noise produced by loaded coal trains. A 

simple reduction of speed across the bridge will 

reduce the rolling noise produced by empty coal 

trains and also minimise noise due to the carriage 

concertina effect under braking. 
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