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Introduction
 How the proposals change:

 What we do

 How we understand what we do

 Your priorities



Current & proposed practice

 Proposed Current

≤ 35

≤ 31

≤ 22

Internal level 
target

Lden / dBA



Authoritative v.s Evidential Guidance

WHO 1999

 Based primarily on expert judgment and opinion 

 Relies on limited studies and empirical observations 

 Focuses on specific measurable parameters (e.g. 

speech intelligibility at 35 dBA) 

 May oversimplify complex relationships between noise 

and health

 No opportunity to question the meaning of:

 “Steady, continuous, … etc”

 Deviation from the proscribed levels (e.g. what is 

the effect at + 3 dB?)

            WHO 2018

 Uses systematic review of epidemiological evidence 

 Large-scale population studies over extended periods

 Accounts for multiple health outcomes and pathways 

 Incorporates both direct (biological) and indirect 

(psychological) effects 

 Based on real-world living conditions and experiences 

 Considers context-specific factors (different noise 

sources have different health impacts)

 Underlying evidence can be reviewed and updated



Beware of false narratives!



Do external levels matter when you are at home?

~ 34 – 39 dB LAeq,16hr indoors

E. Öhrström et al. / Journal of Sound and Vibration 295 (2006) 40–59



Do external levels matter when you are at home?

~ 27 – 31 dB LAeq,8hr indoors

E. Öhrström et al. / Journal of Sound and Vibration 295 (2006) 40–59



Beware of false narratives!

“In writing the ENG2018 it was clear that the 

indoor guidelines from the CNG (1999)

could not and should not be quoted or 

used in isolation.”





Exposure-response relationships for transportation noise, Miedema & Vos, JASA 1998

https://doi.org/10.1121/1.423927


Why Lden & Lnight?

➢ Chronic health outcomes  long-term noise metrics

➢ Noise annoyance determined by day and night exposure

➢ Epidemiological evidence in terms of Lden, Lnight

Highly Annoyed
39%

Highly sleep 
disturbed

30%

IHD
11%

Stroke
15%

Diabetes
5%

Health effects (DALYs) by type

0

5000

10000

15000

20000

25000

30000

35000

Highly
Annoyed

Highly sleep
disturbed

IHD Stroke Diabetes

D
A

L
Y

s
 

Health effect

Health effect by transportation noise source

Road Rail Air



External Sound Exposure Categories



Sound Exposure Categories
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Façade sound insulation
Transportation type Façade sound insulation, DnT,A,tr / dB

Road traffic ≥ Lden - 32 DnT,A,tr ≥ 30 dB

Lden, internal ≤  35 dBA



Façade sound insulation
Transportation type Façade sound insulation, DnT,A,tr / dB

Road traffic ≥ Lden - 32

Sound Exposure Category

Façade sound insulation, DnT,A,tr / dB

I II III IV V*

Road traffic

Railway traffic

Air traffic

DnT,A,tr ≥ 30 dB

≥ 30 ≥ 30 ≥ 32 ≥ 35

Lden, internal ≤  35 dBA



Façade sound insulation
Transportation type Façade sound insulation, DnT,A,tr / dB

Road traffic ≥ Lden - 32

Sound Exposure Category

Façade sound insulation, DnT,A,tr / dB

I II III IV V*

Road traffic

Railway traffic

Air traffic

DnT,A,tr ≥ 30 dB

≥ Lden - 32

≥ Lden - 28

≥ Lden - 19

* Minimum value in SEC V is 35 dB DnT,A,tr

≥ 30 ≥ 30 ≥ 32 ≥ 35



What internal levels? Transportation 
type

Façade sound 
insulation, DnT,A,tr / dB

Road traffic ≥ Lden - 32
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What internal levels?
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What internal levels?
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Internal sound levels
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Should we use Lmax ?

If a noise is not continuous, sleep disturbance correlates best 

with LA,max 

WHO Guidelines (1999)

Assessing Lmax for residential developments, B Paxton, J Harvie-Clark, N Conlan, A Chilton, D Trew. IOA 2019

… the assessment of the relationship between different types of 

single-event noise indicators and long-term health outcomes at 

the population level remains tentative. The guidelines therefore 

make no recommendations for single-event noise indicators. 

WHO Guidelines (2018)

https://www.apexacoustics.co.uk/assessing-lmax-for-residential-developments-the-proposed-avo-guide-approach/


Historical Lmax guidance:

Precedence ≠ Evidence!

 ProPG (2017) Appendix A - External levels at the façade 

 85 dB LAFmax up to 20 times a night.  

 80 dB LAFmax for more than 20 events per night.

 HS2 – different method but similar level to ProPG. 
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32 – 35 dB LAmax, inside WHO NNG 2009

WHO guidelines for community noise (1999), BS 8233 (1999) 

“single sound events”,  “Should not normally exceed 45 dB LAmax“

ProPG (2017) “not normally exceed 45 dB LAF,max more than 10 
times a night”

Assessing Lmax for residential developments, B Paxton, J Harvie-Clark, N Conlan, A Chilton, D Trew. IOA 2019

https://www.apexacoustics.co.uk/assessing-lmax-for-residential-developments-the-proposed-avo-guide-approach/


Historical Lmax guidance: 45 dB LA,max



Historical Lmax guidance: 45 dB LA,max



Objectives for preserving sleep quality

1. On average, less than one additional awakening per night on account of noise

2. Awakenings recalled in the morning should be avoided as much as possible.

3. Noise should interfere as little as possible with the process of falling back to sleep again.

Aircraft Noise Effects on Sleep: Application of the results of a large polysomnographic field study, 2006

https://doi.org/10.1121/1.2184247


Exposure response relationships

• 10 trains at 55 dB LASmax implies a 50% 

probability of awakening

WHO Environmental Noise Guidelines for the European Region: A Systematic Review on Environmental Noise and 

Effects on Sleep. Mathias Basner & Sarah McGuire, 2018

https://doi.org/10.3390/ijerph15030519
https://doi.org/10.3390/ijerph15030519


Example application – additional awakenings
 Close to a rural A-road

 Each vehicle pass easily distinguishable

 13 dB subtracted for open window

 Probability of noise induced awakening calculated for each event

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

Assessing Lmax for residential developments, B Paxton, J Harvie-Clark, N Conlan, A Chilton, D Trew. IOA 2019

https://www.apexacoustics.co.uk/assessing-lmax-for-residential-developments-the-proposed-avo-guide-approach/


Example – additional awakenings
 Probability of noise-induced awakenings = 21 no. (i.e. 2100%)

Assessing Lmax for residential developments, B Paxton, J Harvie-Clark, N Conlan, A Chilton, D Trew. IOA 2019

https://www.apexacoustics.co.uk/assessing-lmax-for-residential-developments-the-proposed-avo-guide-approach/


Levels for one additional awakening?

 10th highest LAFmax = 44 dB (internal)   

Assessing Lmax for residential developments, B Paxton, J Harvie-Clark, N Conlan, A Chilton, D Trew. IOA 2019

https://www.apexacoustics.co.uk/assessing-lmax-for-residential-developments-the-proposed-avo-guide-approach/


Example #2
 City centre

 Emergency vehicle sirens, trains, cars and people



45 dB Lmax v.s One additional awakening (1AW)
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Current challenges with Lmax

 How long to measure for?

 How to model environmental sound propagation? (Where was the source?)

 Façade sound insulation model EN 12354-3 is for continuous equivalent sound 

only (no Lmax)

 Partition data is for diffuse sound incidence

 Different frequency content to Leq

 10th highest outside is not 10th highest inside…

 NOT Standardised!



Conclusion



Three questions

A Alternative approaches to aligning

 residential acoustic design with health evidence

B Façade sound insulation v.s internal sound levels: arguments 

for/ against, either/ both, and the target levels

C Approaches for sources other than transport
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