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The ANC Acoustics, Ventilation and Overheating Residential Design Guide includes a suggestion for 
the assessment of noise from events in terms of Lmax.  This includes consideration of what may 
constitute a LOAEL and a SOAEL for road traffic noise. This paper traces the path through the 
scientific literature and historic guidance that has been used to develop the proposed criteria.  The 
approach used for railway infrastructure developments, to evaluate the probability of additional noise-
induced awakenings, is discussed with potential application to road traffic noise and found to be 
impractical.  An alternative approach to definition of the SOAEL based on an LAFmax threshold and the 
selection of a suitable design case LAFmax is presented, along with examples of selecting a suitable 
Lmax value from survey data to use as a design case.   

 

1 INTRODUCTION 

The Association of Noise Consultants’ Acoustics, Ventilation and Overheating: Residential Design 
Guide (AVO Guide) is currently undergoing final revisions prior to publication.  Following feedback 
from the document’s draft consultation the final version will include guidance on the assessment of 
noise from individual events in terms of Lmax under the background ventilation and overheating 
conditions. Values for the lowest observed adverse effect level (LOAEL) for transport sources reflect 
those established in the ProPG and should be achieved under background ventilation conditions.   
 
To promote sustainable development there is a desire to avoid reliance on air conditioning systems 
to mitigate overheating risk. It is expected that developments should mitigate and minimise this risk 
of overheating via various building design options. These include minimising the heat entering a 
building via orientation, shading, window size, insulation etc. as well as managing the heat within the 
building with exposed internal thermal mass and higher ceilings. Passive ventilation systems can 
assist when the external temperature is lower than the internal temperature. However, work 
associated with the AVO Guide has found that compliance with stringent internal maximum noise 
levels will prohibit the use of more sustainable ventilation options. The AVO Guide suggests a 
relaxation of the target internal maximum noise levels to reflect the fact that the overheating condition 
occurs for limited durations during the year, and at the occupant’s control of the internal environment.  
There is a lack of definitive guidance on suitable values for the significant observed adverse effect 
level (SOAEL) while scientists gather further data.  The absence of guidance has in the past resulted 
in the effect of noise under the overheating condition not being considered at all; it is hoped that 
despite a lack of mature scientific evidence, the inclusion of guideline values in the AVO Guide will 
be a significant step towards the widespread adoption of a practical and consistent approach.  This 
paper traces the path through the scientific literature that has been used to develop the proposed 
criteria and discusses the practical assessment of noise from individual events. 
 
 

2 HISTORICAL APPROACHES AND GUIDANCE FOR NOISE 
FROM EVENTS 

The 1999 WHO Guidelines for Community Noise1 state the following: “if the noise is not continuous, 
sleep disturbance correlates best with LAmax and effects have been observed at 45 dB or less. This 
is particularly true if the background level is low. Noise events exceeding 45 dBA should therefore be 
limited if possible. For sensitive people an even lower limit would be preferred. It should be noted that 
it should be possible to sleep with a bedroom window slightly open (a reduction from outside to inside 
of 15 dB). To prevent sleep disturbances, one should thus consider the equivalent sound pressure 
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level and the number and level of sound events. Mitigation targeted to the first part of the night is 
believed to be effective for the ability to fall asleep.”  This was reflected in the Note to Table 5 of 
BS 8233:19992 which states that “for a reasonable standard in bedrooms at night, individual noise 
events (measured with F time-weighting) should not normally exceed 45 dB LAmax.”.  This guidance 
has typically been associated with the LOAEL. 
 
Reference to a specific value was removed in BS 8233:20143.  Note 4 to Table 4 – Indoor ambient 
noise levels for dwellings states: “Regular individual noise events (for example, scheduled aircraft or 
passing trains) can cause sleep disturbance. A guideline value may be set in terms of SEL or LAmax,F, 
depending on the character and number of events per night. Sporadic noise events could require 
separate values.” 
 
The 2009 WHO Night Noise Guidelines4 propose 42 dB LAmax as the NOEL for conscious awakening 
by transport noise and propose lower guidelines (32-35 dB LAmax) for biological effects such as motility, 
EEG awakening and changes in sleep structure and fragmentation of sleep. 
 
ProPG: Planning & Noise5 provides guidance on dealing with noise events and states:  
“In most circumstances in noise-sensitive rooms at night (e.g. bedrooms) good acoustic design can 
be used so that individual noise events do not normally exceed 45 decibels LA,max,F more than 10 
times a night. However where it is not reasonably practicable to achieve this guideline then the 
judgement of acceptability will depend not only on the maximum noise levels but also on factors such 
as the source, number, distribution, predictability and regularity of noise events.   
In such a case it is recommended that a more detailed assessment should be undertaken using 
available dose-response relationships appropriate for the types of noise sources being considered, 
in line with the WHO NNG publication and any other relevant research. This assessment should 
advise decision makers to what extent adverse effects from individual noise events on sleep will be 
mitigated and minimised, and report the likely residual effects on sleep of affected persons”. 
 
Based on an evidence review and the Government’s Planning Practice Guidance6 on the distinction 
between detectable impacts, adverse and significant adverse impacts of noise on sleep (the Planning 
Practice Guidance exemplifies significant adverse effects on sleep disturbance as “potential for sleep 
disturbance resulting in difficulty in getting to sleep, premature awakening and difficulty in getting back 
to sleep”), ProPG concludes that “at night (2300 - 0700 hrs) a significant effect on sleep disturbance 
e.g. behavioural awakening, is likely to occur where the maximum sound level at the façade of a 
building with partially open windows is above: 
 

• 85 dB LAmax,F (where the number of events exceeding this value is ≤ 20); or 

• 80 dB LAmax,F (where the number of events exceeding this value is > 20).” 
 
The suggested levels at which significant effects are likely to occur presented in ProPG are similar to 
those in the 1991 document Railway Noise and the Sound Insulation of Dwellings7, which was 
commissioned to determine threshold noise levels from new railways for use with the Noise Insulation 
Regulations.  Based on a synthesis of field and laboratory studies by Rice and Morgan (1982), the 
report identifies the level at which sleep disturbance is “significant” as that at which 25 % of the 
population are likely to suffer some disturbance.  This level is identified for road traffic as 75 dB LAmax 
externally and for rail and air traffic as 85 dB LAmax externally with the additional limitation that there 
should be no more than 20 events per night.   
 
Work by High Speed Two Ltd and Arup8 outlines an approach to defining acoustical criteria for impacts 
from individual noise events with its basis in the three key recommendations of the STRAIN study 
and the exposure-response relationships from the DEUFRAKO study (discussed below).  HS2 
Phases One and Two are used as examples for deriving external LASmax criteria which would be 
equivalent to 365 additional noise induced EEG-awakenings per year (or one additional awakening 
per night) for various levels of facade sound insulation and specific information about the number of 
trains operating during the night.  It is then verified that these criteria do not breach the second 
criterion for awakenings recalled in the morning.  For the number of trains predicted under Phase 2, 
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in the case of having a partially open window, the external LASmax calculated to be required so as not 
to exceed one additional noise-induced awakening per night aligns with ProPG guidance for 
significant effects on sleep of 80 dB LAmax,F where there are more than 20 events. 

 
 

3 DOSE-RESPONSE RELATIONSHIPS DERIVED FROM 
POLYSOMNOGRAPHY STUDIES  

While there have been a multitude of works published on the effects of noise events on sleep, there 
are also a multitude of different methods for measuring and assessing sleep disturbance, meaning 
that much of the evidence is not directly comparable.  Studies conducted in the laboratory tend to 
have a lower threshold for sleep disturbance than studies carried out in the field9, and subjects in self-
reporting studies are typically much less sensitive to sleep disturbance than subjects in studies that 
track physiological response10.  The evidence is further complicated by large inter-individual 
differences in response and even differences between similar studies in different locations. 
 
Nonetheless, it has been shown that noise from regular individual events can cause fragmentation of 
sleep.  Sleep disturbance is associated with a range of adverse outcomes: short-term daytime 
impairment such as daytime sleepiness, attention, concentration or memory impairment, and other 
physiological changes such as impaired memory consolidation, dysfunction of blood vessels, 
changes in glucose metabolism and appetite regulation and an attenuated immune response to 
vaccination, which are precursors to serious long-term conditions such as obesity, cardiovascular 
disease, hypertension and diabetes10. 
 
The 2018 WHO Environmental Noise Guidelines for the European Region: A Systematic Review on 
Environmental Noise and Effects on Sleep includes a re-analysis of studies on noise induced 
awakenings since the year 2000.  Although the evidence for cortical awakenings was not considered 
strong enough for inclusion in the eventual WHO Guidelines, exposure-response curves are 
presented for road, rail and aircraft, derived from the raw data from two large polysomnographic field 
studies conducted by the German Aerospace Center (DLR) referred to as STRAIN9 and 
DEUFRAKO11.  These studies were respectively conducted to investigate the effects of aircraft and 
rail noise on sleep, with results from both studies combined to derive the relationship for road traffic.  
The assessment guidance proposed in the AVO Guide under the overheating condition is primarily 
based on these sources. 
 
Polysomnography is the “gold standard” for measuring sleep but is also the most intrusive method, 
requiring expert involvement in the experiment’s set up and a great deal of time-consuming data 
analysis10.  This typically results in a smaller practicable sample size and a degree of self-selection 
among the participants, meaning that the results are potentially less suitable for extrapolation to the 
general public10.  Polysomnography is the only form of study which gives an accurate and detailed 
breakdown of sleep stages.  Sleep is divided into stages S1 to S4 and REM sleep.  Deep or slow 
wave sleep (S3 and S4) and REM sleep “are important for memory consolidation and sleep 
recuperation, while superficial sleep stage S1 and wake time do not relevantly contribute to sleep 
recuperation”10.   

 
3.1 Objectives for Protecting the Quality of Sleep 

The WHO derived exposure-response curves are in the form of a probability of a sleep stage change 
to wake or S1 against slow weighted maximum sound level LASmax. In their paper on the application 
of the results of the STRAIN study, Basner et al12 present three key objectives for the protection of 
sleep quality: 
 

1. On average, there should be less than one additional awakening induced by aircraft noise – 
to put this into context, around 24 spontaneous awakenings not associated with noise can be 
expected per night on average; 
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2. Awakenings recalled in the morning should be avoided as much as possible; and, 
3. Aircraft noise should interfere as little as possible with the process of falling asleep again. 

 
 

4 THE PRACTICAL APPLICATION OF THE “ONE ADDITIONAL 
AWAKENING” METHOD TO ROAD TRAFFIC 

The AVO Guide will suggest values for the boundaries between noise risk categories based on a road 
traffic source, as this is the type of environmental noise affecting the largest proportion of the 
population, with the caveat that the levels may be adapted for other types of transport. The potential 
use of the “probability of one additional noise-induced awakening” method is therefore considered for 
road traffic as it is preferable to apply noise criteria in the same manner as the most recent evidence 
on the effects of the noise. 

 
4.1 What methods can be used to identify noise events? 

In the DEUFRAKO and STRAIN studies, the following procedure is used to identify individual noise 
events for inclusion in the analysis: 

 
• Noise events are identified by listening to an audio recording; 

• The night-time period is split into 30 second epochs and the participant’s sleep stage is 
classified for each epoch; 

• The first epoch of a noise event is defined as the first one containing at least 15 seconds of 
the noise event; 

• If the subject was asleep in the epoch prior to the first noise affected epoch, then the first 
noise affected epoch and the two subsequent ones are screened for a sleep stage change 
to S1 or awake (an awakening), i.e., a 90 second window is studied; 

• Only ‘undisturbed’ noise events are included in the analysis. For an event to be undisturbed, 
any noise events occurring in the 60 seconds preceding and 90 seconds following the start 
of the event in question must either be from the same noise source as the event in question 
or from the action of the subject (e.g. rolling over in bed). 

 
A consideration of impacts based on the probability of one noise-induced awakening per night is 
ideally suited for rail and aircraft noise sources; the numbers of events are typically well defined and 
are often timetabled.  Conversely, numbers of vehicle passes per night can be in the hundreds or can 
be relatively low, they can occur with little or no separation between individual events (such as when 
there is a queue of vehicles), and the type and loudness of vehicles can vary considerably – there 
are frequently outliers such as motorbikes or cars with modified exhausts.   

 
As such, a practical problem for applying this method to road traffic noise is ‘when is an event an 
event’?  Clearly it would require significant additional resources for consultants to follow the procedure 
described above to identify events, which may be disproportionate to the assessment as a whole.  
The WHO Night Noise Guidelines advise that “there is no generally accepted way to count the number 
of (relevant) noise events.  Proposals range from the number of measured LAmax, the number of units 
(vehicles, aeroplanes, trains) passing by, to the number exceeding a certain LAmax level (commonly 
indicated by NAxx; NA70 is the number of events higher than 70 dB).” 
 
A typical approach to identifying individual noise events in a measurement is to split the night-time 
period is into short intervals of length T and identify the LAmax level in each.  Using a probability-based 
approach, clearly the choice of the time interval length T will significantly affect the expected number 
of noise event induced awakenings. There is no value of T that will give absolute equivalence to the 
undisturbed individual event-based approach described above.  Some factors affecting the choice of 
a suitable time interval T are discussed in Table 1. 
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Table 1: Considerations in the selection of a time interval T 

Aim T Discussion 

To avoid a single event 
being counted in multiple 
intervals 

> 30 sec – 
1 min 

T should be selected to avoid the situation where 
individual events can span more than two 
sequential measurements.  This depends on the 
duration of the noise event.  It is suggested that T 
should not be less than 30 seconds and that even 1 
minute would be a more pragmatic lower limit. 

To account for the whole 
time window considered 
in the studies 

1.5 - 2.5 min 

The test for ‘undisturbed’ events considers the 
1 minute prior to and the 1.5 minutes after the 
beginning of an event. Treating this as one 
complete sampling period would suggest T=2.5 min.  
The test for awakenings looks at three 30 second 
epochs which would suggest T=1.5 min. 

To consider the likely 
duration of a noise 
induced awakening 

1 min - 2.5 min 

The STRAIN study presents a plot of the measured 
duration of noise-induced awakenings. Between 29 
and 45% of subjects will stay awake for at least a 
minute and therefore cannot be awoken again 
during that period. After 2.5 minutes only 15-25% of 
subjects are still awake. 

To avoid undercounting 
events which fall into the 
same interval 

≤ 3 min 
T should be selected to avoid undercounting 
multiple events that qualify as undisturbed when 
they fall within the same time interval. 

 
Based on the discussion above, it is proposed that a measurement duration between 1 and 3 minutes 
may be appropriate; this corresponds to the evaluation of between 160 and 480 maximum noise 
levels over the course of an 8-hour night-time period. 

 
4.2 Which time weighting? 

Despite the fact that most European research is based around a slow weighted maximum, in the UK, 
the majority of past guidance on maximum noise events is stated in terms of LAFmax, making this a 
more familiar and widely used parameter.  In the DEUFRAKO study (rail and road), both LASmax and 
LAFmax were measured; the differences found between the two metrics are shown in Table 2.   

 
Table 2: Differences between the LASmax and LAFmax metrics measured in the DEUFRAKO study 

Source of noise event Mean absolute difference, dB 2.5% - 97.5% confidence range, dB 

Road 0.86 0 - 3.5 

Rail 0.72 0 - 4.0 

 
The 2018 WHO Guidelines conclude that “overall the average difference in levels was less than 1 dBA 
and therefore all results are presented using LAS,max levels.” It is therefore proposed for the AVO Guide 
to make the simplifying assumption that LAFmax = LASmax + 1 dB and to specify the LOAEL and SOAEL 
values in terms of LAFmax. 
 

4.3 Case-study 

As an example, an 8-hour night-time measurement at a location close to a rural A-road is considered.  
This measurement was selected for simplicity as each vehicle pass is easily distinguishable above 
the low background noise level, events are relatively infrequent throughout much of the night making 
them easier to separate from each other, and the road is the primary noise source.   
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Figure 1: LAeq, 1 second time history of measurements close to a rural A-road 

To calculate the expected number of additional noise-induced awakenings per night, the following 
steps are followed: 
 

• The LAFmax is identified in each 1-minute period between 23:00 and 07:00 hours; 

• 1 dB is subtracted from the LAFmax to estimate the LASmax; 

• A 13 dB reduction is applied to calculate the internal noise level from the free-field outdoor 
noise level (this figure is to be adopted in the AVO Guide and is based on research by Locher 
et al13).   

• The percentage probability of a noise induced awakening is calculated for each event from 
the equation for road traffic presented in the WHO 2018 Guidelines (Equation 1), and is 
converted to a decimal probability; 
 

𝑅𝑜𝑎𝑑: 𝑃𝑟𝑜𝑏. 𝑜𝑓 𝑊𝑎𝑘𝑒 𝑜𝑟 𝑆1 =  −3.3188 − 0.0478 ∗ 𝐿𝐴𝑆,𝑚𝑎𝑥 + 0.0037 ∗ (𝐿𝐴𝑆,𝑚𝑎𝑥)2 (1) 

 

• Probabilities calculated to be less than zero (below the lowest effect level) are set to zero; 

• All probabilities are summed to calculate the expected number of noise-induced awakenings. 
 
Figure 2 shows the distribution of the identified external LAFmax, 1 min noise levels, rounded to the 
nearest integer.  Road traffic noise events are shown in green. 

 

 
Figure 2: Distribution of the measured external LAFmax, 1 min values over the 8-hour night-time period 

It is noted that numbers of vehicle passes are underestimated when traffic volumes increase towards 
the end of the night-time period and that many ‘events’ not associated with any particular source are 
identified. 
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For the dataset shown above, the expected number of noise-induced awakenings is calculated to be 
20.6, far greater than the proposed SOAEL of a single noise-induced awakening per night.   
 
For the dataset above, the external LAFmax values have been shifted down by a constant factor until 
the expected number of noise-induced awakenings calculated following the steps above is equal to 
the proposed SOAEL of 1.0 with partially open windows.  This results in the distribution shown in 
Figure 3, in which the highest external LAFmax is 62 dB and typical road traffic events have LAFmax 
between 48 and 57 dB.  Again assuming a partially open window, internal levels due to road traffic 
events would typically be between 35 and 44 dB LAFmax, below the LOAEL of 45 dB LAFmax exceeded 
no more than 10 times per night inside. This approach therefore proves to be too onerous when used 
as a method of determining the SOAEL.  The possible reasons for this are elaborated below. 

 

 
Figure 3: Distribution of the external LAFmax, 1 min values over the 8-hour night-time period shifted to 

reduce the expected number of noise-induced awakenings to be no more than 1.0 per night 
 

4.4 Limitations of this method for traffic noise 

The WHO Night Noise Guidelines advise caution when using data on instantaneous effects over a 
longer time period, since each noise event “may alter a subject’s tendency to awake at the next event, 
even if no awakening reaction is detected for that particular event”.  The guidelines state further that 
“the calculation for the total number of effects from reaction data on events (arousals, body 
movements and awakenings) needs a number of assumptions. The first that needs to be made is 
independence: although there is evidence (Brink, Müller and Schierz, 2006) that the order of events 
of different loudness strongly influences the reactions, the calculation is nearly impossible to carry out 
if this is taken into consideration.” and “care should be taken to extrapolate outside the boundaries 
given in the number of events or LAmax”. 
 
It is considered that the statistical assumptions about independence of events which form the basis 
of the additional noise induced awakening per night approach do not apply for a road traffic source 
where vehicle passes are close together in time, and detailed analysis to identify ‘undisturbed’ events 
is not practical.  An alternative approach is therefore necessary. 
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5 THE APPLICATION OF THE “RECALLED AWAKENINGS” 
METHOD TO DETERMINE AN LMAX SOAEL FOR THE 
AVO GUIDE 

The alternative approach proposed to define the SOAEL is based on the second recommendation of 
the STRAIN study, that “awakenings recalled in the morning should be avoided as much as possible”.  
The STRAIN study found that “awakenings induced by ANEs [aircraft noise events] with maximum 
SPLs of 65 dB or lower were relatively short. After 1.5 min, descriptively no difference in the 
percentage of subjects having fallen asleep again compared to spontaneous awakenings was 
observed. In contrast to that, awakenings induced by ANEs with maximum SPLs of 70 dB or higher 
were markedly longer than spontaneous awakenings.” 
 
It is therefore proposed that maximum noise levels from road traffic do not normally exceed 65 dB 
LAFmax in bedrooms, which is equivalent to an external free-field level of 78 dB LAFmax if an attenuation 
of 13 dB is assumed for a partially open window.  This is relatively consistent with the ProPG Annex 
A guidance on significant levels of noise where the number of events exceeds 20 and the Railway 
Noise and the Sound Insulation of Dwellings document. 
 
Specifying this criterion in terms of LAFmax introduces additional prudence as the evidence for the 
65 dB level is in terms of LASmax, which will typically be lower than the LAFmax.  In addition, the STRAIN 
study showed that noise-induced awakenings at internal noise levels at 65 dB LASmax were not 
distinguishable from spontaneous awakenings; awakenings were only markedly longer for maximum 
SPLs of 70 dB or greater.  It may therefore be argued that small and infrequent exceedances of 65 dB 
LAFmax are acceptable without significant adverse effects.   
 
The AVO Guide SOAEL value for LAeq, 8 hr internal noise levels in bedrooms during the overheating 
condition is 42 dB(A). The Lmax SOAEL is therefore 23 dB higher than the LAeq SOAEL.  For typical 
steady road traffic, the Lmax and LAeq do not usually differ by this extent and noise from individual 
events may not therefore be the limiting factor for the design.  Individual noise events are more likely 
to be the limiting factor for noise sources where the events are less frequent but are relatively louder, 
such as for rail or aircraft noise. 
 

5.1 Selecting a representative design maximum 

It is proposed that a design maximum is selected for the LOAEL (ventilation) and SOAEL 
(overheating) assessments.  In some cases a single survey value may be appropriate to use for both 
assessments but in many cases separate design values should be used to ensure that the SOAEL is 
not normally exceeded; practitioners are encouraged to use their judgement and clearly state the 
basis for their choice of design maximum or maxima. 
 
The ANC Green Book: Environmental Noise Measurement Guide14 contains guidance on the 
selection of a representative design value.  It states: “Only in the most extreme situations would it be 
appropriate to adopt the highest measured LAmax value… as a descriptor of an appropriate design 
case.  In most situations, an average, typical or modal value, specific to the time period in question, 
needs to be selected or derived from the survey data.  The frequency of occurrence of specific LAmax 
events is critical in determining their typicality (hence the importance of sample period selection during 
scoping) … Some common approaches to selecting the Design Case LAmax, for instance, include 
ranking events during an assessment period and selecting the nth value (NB sample period is critical), 
taking a 10th percentile ‘high average’ level or simply selecting an appropriate looking value ‘by eye’.” 

 
Factors to be considered in the selection of a design maximum for this particular use include: 
 

1. How many times is the design maximum exceeded during the survey period and by how 
much?   
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Under the ventilation assessment the LOAEL should not be exceeded more than 10 times 
per night, and under the overheating assessment the SOAEL should not normally be 
exceeded.  This should be considered in the choice of design maximum, bearing in mind that 
two design maxima for the separate ventilation and overheating condition assessments may 
be appropriate. 

2. The frequency spectrum of the source(s) in question and variation in frequency spectrum 
between events of the same type. 
The internal LAmax is not linearly related to the external LAmax, as attenuation provided by the 
facade has a frequency filter effect.  This may be of particular importance where the sound 
in question has significant low or high frequency content.  It might be prudent to revisit the 
choice of design case once the facade details are known.  

 
5.2 Practical application of this method to the earlier case-study 

Returning to the simple example above, the loudest maximum noise events are all due to vehicle 
passes without significant low frequency spectral content.  Inspecting the distribution of events by 
eye, 83 dB LAFmax is selected as the design maximum for the LOAEL (ventilation) and SOAEL 
(overheating) assessments.  Considerations in this choice of value include that it corresponds to the 
tenth highest maximum level and is exceeded only three times by at most 5 dB. 
 
This implies that in the ventilation condition, the façade should achieve an outside-to-inside level 
difference of at least 83 – 45 = 38 dB. For the overheating condition, the façade should achieve an 
outside-to-inside level difference of at least 83 – 65 = 18 dB.  This is more than would typically be 
achieved by a partially open window, which implies that alternative mitigation measures to simple 
opening windows may be considered for the overheating condition. 

 
5.3 Practical application to a situation where a different representative 

design value should be used for LOAEL and SOAEL assessments 

The LAFmax, 1 min distribution shown in Figure 4 has been taken from one 8-hour night of a multiple-
night measurement in a city centre.  The sources of individual noise events include five emergency 
vehicle sirens with maximum noise levels between 85 and 95 dB LAFmax (shown in red) and a backfiring 
car at 86 dB LAFmax.  The loudest of the remainder of the maximum noise events are train movements 
on the railway line opposite.  Other sources include road traffic noise and passing pedestrians. 
 

 
Figure 4: Distribution of the measured external LAFmax, 1 min values over the 8-hour night-time period 

 
Two hypothetical contexts for the measurements are considered: firstly, that on the other nights of 
the measurement at the same location, there is no more than one emergency siren per night.  It is 
concluded that the regular emergency sirens measured on this night are atypical and these are not 
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considered in the selection of the design cases. 77 dB LAFmax is selected as the design case for the 
LOAEL and SOAEL assessment with similar reasoning as above.  
 
Secondly, that this development site is close to a hospital with an A&E department and that similar 
number of events were measured on each night of the measurements.  Separate design cases for 
the LOAEL and SOAEL assessment are considered to be appropriate in this case.  87 dB LAFmax is 
selected as the design case for the LOAEL assessment as this value is exceeded fewer than 10 times 
by no more than 10 dB.  It is considered that exceeding the LOAEL value of 45 dB LAFmax by more 
than 10 dB would be difficult to justify based on the research results summarised in paragraphs A.13 
and A.14 of ProPG Appendix A.  95 dB LAFmax is selected as the design case for the SOAEL, as the 
internal SOAEL level of 65 dB LAFmax should not normally be exceeded. 
 
 

6 SUMMARY OF THE AVO GUIDE APPROACH 

The method suggested as a practical approach is: 
 

1. Determine representative value(s) for design 
2. Consider effect with proposed provisions for ventilation - meet LOAEL guidance. 
3. Consider effect with proposed provisions for mitigating overheating - meet SOAEL guidance  

 
The SOAEL values suggested in the AVO Guide will assume a steady road traffic noise source but, 
as stated in the Explanatory Note to the NPSE15, “the SOAEL is likely to be different for different noise 
sources, for different receptors and at different times”. Factors including the timing, duration or 
distribution of individual noise events, and the potential duration of the overheating condition may 
mean that another selection of the value for the SOAEL is more appropriate.   
 
The STRAIN study states: “noise protection plans based on number above threshold NAT and/or Leq 
criteria are not suitable for an adequate description of the effects of nocturnal aircraft noise on 
sleep.”  Although the AVO Guide suggests a threshold approach for road traffic noise, it is suggested 
that for less frequent events such as aircraft flyovers, the additional consideration of impacts based 
on the probability of one noise-induced awakening per night is more appropriate. 

 
 

7 CONCLUSION 

The AVO Guide has been produced to encourage an integrated assessment at an early stage of a 
development that recognises the interdependence between design for acoustics, ventilation and 
overheating.  In the Guide, a relaxation of internal noise level targets is proposed when assessing 
noise in the overheating condition in order to enable a balance between acoustical comfort and the 
benefits of natural ventilation systems and occupant control.  However, buildings should not be 
designed in such a way that occupants experience significant effects from noise, including sleep 
disturbance from individual noise events.   
 
Interpreting the huge literature base and previous guideline criteria on the effect of individual noise 
events on sleep disturbance is a daunting task and there are no easy conclusions to draw as to the 
levels of noise and numbers of events that may be acceptable.  The approach to a road traffic noise 
Lmax SOAEL assessment presented in the AVO Guide considers a fixed threshold value compared 
with a suitably chosen design case maximum, but it is recognised that a “one additional awakening” 
approach may be appropriate for more infrequent events such as aircraft and train passes.  The 
proposed guidance leaves the onus on the practitioner to select a suitable design maximum, 
considering the combination of sources and contextual factors which will be different for each site.  It 
is not possible to give hard and fast rules on how to select an appropriate design maximum but some 
examples are presented to illustrate the potential considerations that need to be made.  The AVOG 
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committee welcomes discussion of the proposed criteria and assessment approach, including 
suggestions of alternative criteria.  

 
 

8 REFERENCES 

1. World Health Organization, Guidelines for Community Noise, Stockholm: Stockholm 
University and Karolinska Institute, (1999). 

2. British Standards Institute, BS 8233:1999 Sound insulation and noise reduction for buildings 
- Code of practice, London: BSI, (1999). 

3. British Standards Institute, BS 8233:2014 Guidance on sound insulation and noise reduction 
for buildings, London: BSI, (2014). 

4. World Health Organization Regional Office for Europe, Night Noise Guidelines for Europe, 
Copenhagen: WHO Regional Office for Europe, (2009). 

5. The Association of Noise Consultants, Institute of Acoustics, Chartered Institute of 
Environmental Health, ProPG: Planning & Noise Professional Practice Guidance on Planning 
& Noise New Residential Development, (May 2017). 

6. Ministry of Housing, Communities & Local Government, Planning Practice Guidance – Noise, 
available from : https://www.gov.uk/guidance/noise--2 [accessed 22/03/19]. 

7. The Department for Transport, Railway Noise and the Sound Insulation of Dwellings, London: 
HMSO, (1991). 

8. T. Marshall, R. Greer, D. Owen, C. Cobbing, G. Sica, P. Lowery, Method for calculating the 
probability of noise-induced sleep state changes from intermittent sources of transportation 
noise, Proc. ICSV 24, 1160, London (2017). 

9. M. Basner et al, Aircraft noise effects on sleep: Final results of DLR laboratory and field 
studies of 2240 polysomnography recorded subject nights, 3rd International Congress and 
Exposition on Noise Control Engineering (Internoise 2004), Prague/Czech Republic (2004). 

10. M. Basner and S. McGuire, WHO Environmental Noise Guidelines for the European Region: 
A Systematic Review on Environmental Noise and Effects on Sleep, International Journal of 
Environmental Research and Public Health 2018, 15, 519; doi:10.3390/ijerph15030519. 

11. E.M. Elmenhorst, S. Pennig, V. Rolny, J. Quehl, U. Mueller, H. Maass, M. Basner, Examining 
nocturnal railway noise and aircraft noise in the field: Sleep, psychomotor performance, and 
annoyance, Sci. Total Environ. 2012, 424, 48–56, (2012). 

12. M. Basner, A. Samel, U. Isermann, Aircraft noise effects on sleep: Application of the results 
of a large polysomnographic field study. J Acoust. Soc. Am. 119(5) pp2772-84, (2006). 

13. B. Locher et. al, Difference between Outdoor and Indoor Sound Levels for Open, Tilted and 
Closed Windows, Int. J. Environ. Res. Public Health, 15(1), 149, (2018). 
doi:10.3390/ijerph15010149 

14. The Association of Noise Consultants, Environmental Noise Measurement Guide 1st Edition, 
(October 2013). 

15. Department for Environment Food and Rural Affairs (DEFRA), Noise Policy Statement for 
England (NPSE), London: DEFRA, (March 2010). 

215


