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Foreword

The Professional Practice Guidance on Gym Acoustics (ProPG) is second in the series and

has been produced to provide practitioners developers, operators and Local Authorities with
guidance on a recommended approach for the standardised methodology for assessing
buildings and environments for the location of Gymnasiums, fitness and exercise spaces (broadly
referred to through the document as a ‘Gym’). This does not preclude the relevance

of other approaches based on experience, but rather seeks to offer a common way forward.

The ANC, I0A and CIEH have worked together, collaborating across industry, to produce this
guidance, which for the first time has standardised an approach for assessing Gym acoustics
affecting noise-sensitive adjacencies. The guidance is based largely on the experience and
current state of knowledge of the Working Group, at the time of writing. It is the intention
to publish electronically only, so that updates can be made periodically to include advances
in knowledge, updates to legislation and policy, with the aim to build on and offer further
validation of the approaches included in the future. The Working Group includes a wide
range of contributors, including independent private practices, public body practitioners and
manufacturers with many years of experience working with Gym clients and dealing with
planning applications and complaints relating to Gyms.

It is recognised by the Working Group that current Government regulations, policy and
guidance sets clear objectives, but does not attempt to prescribe specific numerical acoustic
standards that assist practitioners to achieve those objectives. The Working Group believes that
the approach encouraged by this ProPG will offer suitable guidance in most situations which are
likely to be encountered in practice, allowing for a range of approaches to be applied without
constraining those with sufficient experience to take different ones. A key aim of this guidance
is to result in a more consistent and preventative approach to acoustic problems, which are

in support of the delivery of sustainable development and to assist the successful location of
Gyms near to noise sensitive adjacencies, where it is appropriate and to identify where it is

not. Guidance is also included for Developers and Local Authorities to help identify where such
development should generally be avoided, unless there are extensive design considerations.
Also, to help understand the potential mitigation and define a standard methodology to follow
when dealing with planning assessments and also complaints.

Good acoustic design is necessary to achieve a high level of airborne, structure-borne sound and
vibration isolation, which is often achievable only with complex design methods that structurally
isolate the noise generating activities from the noise sensitive ones. In light weight structures

or spaces not intended for Gyms this can be extremely challenging. Where successful acoustic
separation can be achieved this enables the health and wellbeing benefits of a fitness and
exercise space to viably exist near noise sensitive adjacencies, whilst not adversely interfering
with activities or quality of life.

This guidance provides broad advice applicable with the planning framework, but also in
investigating complaints in existing buildings, as part of achieving sustainable development
into the future. The trend to place Gyms close to where people live or work often means

that noise sensitive receptors are in close proximity, making acoustic separation an important
consideration. Building Regulations requires specialist advice to be sought between commercial
and residential spaces. Suitably Qualified Acousticians (SQA) can provide this advice and the
application of this guidance may provide one way to demonstrate this.

This guidance applies a risk-based framework for practitioners to assess whether an existing
building is likely to be suitable for Gym use. Figure 1 sets out the strategic approach taken
within the guidance.

Foreword
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Foreword

For the avoidance of doubt this guidance is relevant to consider as part of complaint
investigations, with the approach being based on avoiding significant or unacceptable adverse
effects occurring. This approach may form part of a nuisance investigation but because nuisance
is dependent on a number of factors and the context of that situation determining whether a
nuisance exists or not is beyond the scope of this guidance.

The Professional Practice Guidance does not constitute an official government code of practice
and neither replaces nor provides an authoritative interpretation of the law or government
policy on which users should take their own advice as appropriate.

Figure 1. Summary of overall ProPG GAG approach (see section 3 for approach and methodology)

STAGE 1: INITIAL SITE RISK ASSESSMENT

Negligible Medium High

Risk Risk {1

ELEMENT 1 METHODOLOGY

ELEMENT 2 TESTING STRUCTURE ELEMENT 3 PREDICTIONS

ELEMENT 4: MITIGATION PROPOSALS (RESIDUAL RISK)

ACOUSTIC DESIGN STATEMENT

RECOMMENDATION TO DECISION MAKERS
A. Grant without noise conditions

B. Grant with noise conditions
C. Avoid (significant adverse effects)*
D. Prevent (unacceptable adverse effects)*

*  Recommendation for decision makers is to recommend refusal for C to “avoid” significant adverse effects, unless it can be
adequately mitigated. For D the recommendation for refusal would be in order to “prevent” unacceptable adverse effects
due to noise. See A.5 on page 51 for further advice for Local Authorities.
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1.

1.1.

1.2.

1. Introduction

Introduction

Acoustics of Gymnasiums, Fitness and Exercise Spaces

The acoustics of Gymnasiums, Fitness and Exercise Spaces (referred to in this document
as ‘Gyms’ for brevity) includes the consideration of:

e airborne sound transfer e people using the equipment
e structure-borne sound transfer e amplified music systems
e vibration resulting from the activities e noise from mechanical plant.

The subject of this guidance is to consider and manage the impact of noise (including vibration
that contributes to structure-borne noise) and/or perceptible vibration at sensitive receptors.

When considering a suitable location for a Gym, the effect of the activities on sensitive uses
nearby or within the same building is of importance. A Suitably Qualified Acoustician (SQA)
will be able to use this guidance to inform and standardise their approach and to inform their
assessment and advice. This guidance will also aid engagement with the Local Authorities

to assist to determine appropriate criteria to work to. Where mitigation is required, then the
specifications of materials and systems can also be informed by this guidance. It may also
assist operators by providing them with viable and optimal mitigation advice that achieves a
sustainable operating environment.

For existing Gym operations where new noise sensitive receptors are planned to come into
existence, or have done so as part of permitted development, this guidance will be of assistance
in informing the assessment and mitigation that would be needed to provide suitable living
conditions. Where a new-build or proposed refurbishment of an existing building includes a
Gym structurally connected to existing residents then this guidance can also be used to help
determine viability and what level of mitigation may be needed.

Planning Use Class

The Town and Country Planning (Use Classes) Order 1987 (as amended) puts uses of land and
buildings into various categories, known as ‘Use Classes’.

D2 Assembly and Leisure includes - Cinemas, music and concert halls, bingo and dance halls
(but not night clubs), swimming baths, skating rinks, Gymnasiums or areas for indoor or
outdoor sports and recreation (except for motor sports, or where firearms are used).

Changes to Use Classes from 1 September 2020 include:
For purposes of Use Class, A1/2/3 & B1 to be treated as Class E:
E - Commercial, Business and Service

In 11 parts, Class E more broadly covers uses previously defined in the revoked Classes A1/2/3,
B1, D1(a-b) and ‘indoor sport’ from D2(e):

E(d) Indoor sport, recreation or fitness (not involving motorised vehicles or firearms)

For any planning applications submitted before 1 September 2020, the Use Classes in effect
when the application was submitted will be used to determine the application.
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The implications of changes to the use class order are significant for proposals involving new
Gyms. Mixed-use lightweight structures that may, for example, have been suitable for office
uses may not be acceptable for use as a Gym, and, in many cases, this change of use will now
be classed as permitted development without being subject to planning conditions. In these
circumstances following technical guidance on appropriate standards for adjoining residential
spaces is an important material consideration.

For any reference to Permitted Development rights, and for restrictions to them or applications
for Prior Approval, the Use Classes in effect prior to 1 September 2020 will be the ones used
until the end of July 2021 (this is defined as the ‘material period’ in legislation so may be
referred to as such).

Fitness and Exercise Spaces

Various types of activity uses occur in
Gyms, so to determine the likely impacts
the intended use needs to be understood.
It may be that limitations on what can be
done may be imposed by the structure,
which is important in determining the viability
for planned new or alterations to uses.

Fitness Gymnasiums (Gyms): Provides
aerobic and body toning fitness exercises
carried out using a range of specialised
equipment. The Fitness Gym may be
zoned into specific areas for stretching,
cardio-vascular, resistance and free weight
or functional areas.

Free Weights Area: Dumbbell weights are
normally stored on open racks grouped in
weight ranges, with additional benches and
stands provided for heavier barbell weights.
Advice on layout will be site specific.

Functional Area: Functional fitness
training consists of exercises that
strengthen core muscles for daily activities,
such as bending, twisting, lifting, loading,
pushing, pulling, squatting and hauling.
Battle ropes and squat-jump blocks are
commonly used in these areas.

Cardio Vascular Areas: Would normally
include a number of machines, each designed
to provide a different form of exercise,
arranged in a combination. The equipment
may include the following: Tread or Running
machines, Upper Body Ergometers, Fitness
and Exercise, Cross trainers, Bicycles, Step
machines, Rowing machines.



Resistance Areas: Exercise of specific
muscle groups through the use of
specialised equipment allowing controlled
movement of part of the body against

a resistance provided by hydraulics,
counterweights, springs/bungee bands or
friction. The equipment may be bulky and
heavy, causing thuds when released.

Cross Training: Refers to the combining of
exercises to work various parts of the body.
It is a workout that includes cardiovascular
and endurance exercise. Cross training is

a "balanced” fitness program alternating
exercises within the workout, or throughout
the week, and may include use of slam balls
or battle ropes.

Stretch Area: Used before and after exercise
to allow muscular warm up and warm down
stretching helping to reduce the risk of injury.
Specific exercises may be advised for each
part of the body and include balance and
floor work on padded mats.

Pilates: A low impact stretching activity
and conditioning exercise that builds core
strength within the body, improves posture
& flexibility through small repetitive
movements.

Spinning: A group of stationary upright
bikes arranged around a central focus point.
Exercise groups follow directions from

an instructor. Spin bikes have fixed hubs
requiring constant effort without coasting.
Spinning classes often generate high noise
levels, additional lighting and often has loud
music to stimulate enthusiasm. Spinning
classes can vary between small and large
groups of twenty or more cyclists.

Multi-Purpose Exercise Studios: Studios accommodate a range of uses, allowing users to
participate in a range of disciplines. Studios can accommodate exercise, dance & movement

e.g., aerobics, sport training, martial arts.

Martial Arts Studios: A wide variety of martial arts are practised by all ages. They are practised
for fitness, development of combat and self-defence skills, self-cultivation/meditation, mental

discipline, and character development.

1. Introduction
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TRX: Total Resistance Cross-training is a
form of workout that is like Pilates, in that
it involves static exercises and stretches using
bodyweight (rather than metal weights),
however typically involves hanging ropes
from which the user pulls/balances.

CrossFit: Although no longer typically as
popular amongst new Gym operators in
the UK, these types of studios produce
substantially high impact forces into a
building structure. The high intensity group
training exercise classes combine aerobic
exercises with repetitive power lifting of
barbells and other heavy weights. It is not
uncommon that during a Cross-Fit class,
50 kg - 150 kg barbells (depending on the
participants’ varying strengths) are repeatedly
lifted above head height and dropped
deliberately onto the floor/a mat. This would
be considered onerous for just one user,
but when considering an entire class of
typically 5-20 participants, this can become
acoustically problematic and requires
substantial mitigation measures. It is rare
for this type of studio/Gym activity to occur
or be viable within the same building that
would also include residential dwellings.

Olympic Weights: This activity involves lifting a barbell loaded with weight plates from the
ground to overhead, with two specific styles of lifting the barbell overhead: these are the snatch
and the clean and jerk and deadlifting. The weights involved tend to be higher and can be lifted
from the ground and dropped from above head or waist height, so often are set up on platforms.

Weight Sleds: Although the activity itself typically does not generate adverse impact levels

(a sled with heavy weights is pushed or pulled across a long strip of carpet or fake grass), the
acoustic risk arises when the user loads or stacks the weights onto the sled; typically, heavy 20+
kg disc weights are dropped onto the sled and/or the existing stack of weights already loaded
onto the sled. This loading of the sled consequently imparts an impact force into the floor/
structure.

Vibration Training: A concept that uses vibrations to enhance both strength and flexibility.
The training works by utilising the body’s natural reflexive response system. The user performs
a series of exercises whilst standing on a ‘vibration base plate’.
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2.1.

2. Criteria & Good Practice

CRITERIA & GOOD PRACTICE

Planning

Consideration of adverse impacts caused by noise and vibration at the planning stage means
preventing problems occurring that could otherwise cause complaints and require formal action
to resolve. Appendix B sets out the guidance for conditions and policy considerations. The lower
values set out in table 2 would be generally expected to represent the lowest observed adverse
effect level (LOAEL), although context is an additional factor that can influence what is suitable
criteria. This is clear for the case of a new Gym proposed near to existing residential, or as part
of a proposed mixed scheme, but where residential is introduced near to an existing Gym this
becomes a different prospect and is an Agent of Change (AOC), the definition and implications
of which are provided in Appendix C.3.

The acoustic effects of introducing a Gym into a building where existing (and potentially
adjacent to) residential and commercial units already in operation cannot be understated and
arguably requires an even more meticulous and careful approach to mitigating adverse noise
impacts. This is because noise sensitive receivers will not typically be accustomed to noise levels
generated by Gym activities, the low frequency noise impact of which could cause subjective
adverse effects and/or complaints.

Equally, where a commercial unit may have once accommodated a Gym unit, but goes through
a vacant period, adjacent noise sensitive receivers may grow accustomed to quieter background
and ambient levels, and therefore this could also lead to subjective adverse effects/complaints
once the unit is restarted.

If there is a building with both commercial and residential units adjacent to a proposed Gym
unit, it is imperative to assess the potential impact and mitigation measures to both (i.e., one
should not assume that by achieving suitable/mitigated noise level effects in the residential
units, that commercial units may not be worst affected — or vice-versa). An example of this
could be an adjacent cinema (where close to inaudibility is likely to be required by the cinema
operator) or more commonly where the proposed Gym unit occurs directly above another
commercial unit, but beneath/separated by another floor, or potentially to the side of a
residential dwelling(s). In this latter configuration, it has been found that adverse impact related
Gym activities can be equally or more onerous in the commercial unit than in a residential
dwelling flat above.

Another common AOC relationship that is becoming more frequent due to the uptake of
permitted development schemes, whereby office units above an existing Gym unit are converted
into residential dwelling flats. It is not uncommon for Gym units to operate in the early morning
(e.g., from 05:30/06:00) and/or late into the evening (e.g. after 20:00) and these are typically
peak hours/use from the Gym membership. If a typical office unit operates between 09:00 to
17:00, these peak uses may not necessarily adversely affect the operations/impact of the offices
but would more than likely adversely affect future residential dwellings without more stringent
mitigation measures to either or both Gym units and residential dwellings. Applying the AOC to
this configuration would mean that responsibility would fall with the developer of the residential
scheme to liaise with the Gym operator and establish/implement the required mitigation
measures; this may require that the developer pay the costs of introducing uprated mitigation
measures within the adjacent Gym unit.

Under these circumstances it may be that a separate legal agreement is needed to formalise the
mitigation provisions, and what happens in the event of complaints. This remains an area of law
not currently clear, as statutory rights to complaint in the event of nuisance cannot be removed.
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2. Criteria & Good Practice

2.2. Relevant Noise & Vibration Assessment Standards and Guidelines

There are three common approaches on which noise and vibration assessments are generally based:

a)

b)

)
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Absolute Guideline Values - The effects can be determined by reference to guideline
values, for example BS 8233:2014 Guidance on sound insulation and noise reduction for
buildings or BS 6472: Part 1: 2008 Guide to evaluation of human exposure to vibration in
buildings.

Change in Noise Level - The effects can be determined by considering the change in
noise level that would result from the noise source. This approach is contained within

the Institute of Environmental Management and Assessment (IEMA) Guidelines for
Environmental Noise Impact Assessment November 2014.

Relative Effect - The effects can be determined by comparing the resultant noise level
after the noise source is placed into the local environment, against the background
noise level (Laso, T) of the area. This is the method employed by BS4142:2014+A1:2019
Methods for rating and assessing industrial and commercial sound and is used to
determine the significance of effect in a site specific way.

The approach to assessment adopted by the SQA and Environmental Health Practitioner (EHP)
can influence the effectiveness of the assessment. It is considered necessary that liaison and
correspondence takes place and any decision to adopt a particular approach is professionally
supported, with a clear rationale and ideally with agreement beforehand.

Guidelines and standards which have some relevance to the assessment and control of noise
from Fitness and Exercise Spaces, but are not specifically intended to be applied to assess sound
from music or recreational activities include:

BS4142:2014+A1:2019 - Methods for Rating and Assessing Industrial and Commercial
Sound provides a methodology for fixed plant and commercially related noise where
the relative noise assessment can be applied in line with the scope. The objective is to
determine relative noise impacts and quantify the effect of a specific noise, compared to
the underlying background noise, in a given situation. Within fitness and exercise spaces
noise from plant could be considered.

BS8233:2014 - Sound Insulation and Noise Reduction for Building, suggests absolute
indoor ambient noise criterion for reasonable resting and sleeping conditions in bedrooms
and living rooms, limited to anonymous noise over long durations. Sound associated with
Gym noise is not anonymous in nature.

NANR4S5 - Low Frequency (LF) Noise Assessment Protocol 2011, describes a method for
measuring and evaluating LF noise against a set of one third octave band criteria from
10-160 Hertz. The noise under consideration is then plotted against the LF annoyance
criteria curve to ascertain if there are any dominant frequencies which require further
investigation.

Noise Rating (NR) Curves, proposed by Kosten & van Os (1962)

Low Frequency Noise Rating Criterion (LFNR), Broner and Leventhall (1983) used
research results to modify the NR curves in the low frequency region

The threshold of hearing (see Figure 2).

WHO Guidance relates to anonymous environmental noise, and is included for
completeness in table 1, as it is extant (see also note 3 to table 1).
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Table 1 below shows a summary of assessment metrics and guidance on target thresholds that
exist in current standards, summarised as background. The Working Group does not recognise
any of these targets as being entirely appropriate for assessment of music or heavy impact
criteria in Gyms, but they are shown for background information only:

Table 1: Reference Assessment Threshold Ranges for Airborne Noise from current guidance or standards

BS8233

Noise Rating NR

(Parameter not specified)

BS4142 Relative
Type Approach

WHO Guidelines
for Community
Noise (1999)

European WHO
Environmental
Night Noise (2009)

Living Room/Bedroom
(Day, 16 hours)

Bedroom
(Night, 8 hours)

Lift noise in Bedroom
(Night, 8 hours)

Living Room/Bedroom
(Day, 16 hours)

Bedroom
(Night, 8 hours)

Living Room/Bedroom
(Day, 16 hours)

Bedroom
(Night, 8 hours)

Living Room/Bedroom
(Day, 16 hours)

Bedroom
(Night, 8 hours)

Living Room/Bedroom
(Day, 16 hours)

Bedroom
(Night, 8 hours)

Bedrooms
(Night, 8 hrs)

Bedrooms
(Night, 8 hrs, yearly)

Bedrooms

35-40 dB Laeq

30-35 dB Laeq

2 5 dB LAmax,F

20-30

15-20

25-30

20-25

Above 1/3 Octave above LF
criterion curve thresholds by more
than 5dB in any 1/3 Octave band

Above 1/3 Octave above LF
criterion curve threshold in any
1/3 octave band

Internal Lam — Lasor = 0 to +5

Internal Lam — Lasor = -5 t0 O

Internally: Lamaxr 45 dB

Externally: Lnight 45 dB to 50 dB (interim)

Internally: Lamaxr 35 dB
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Table 1 Notes:

1. In line with other assessment methods, such as BS4142 a level of +5dB above the Laso, 1
is indicative of an adverse impact and a level of +10dB or above indicative of a significant
adverse impact, depending on the context.

2. Structure-borne noise contribution may generally form part of the overall noise
contribution, and the above do not necessarily relate to structure-borne criteria, apart
from the lift noise within BS8233, which may be more stringent.

3. WHO 1999 and Night Noise Guidance 2009 are specific to anonymous environmental
sound intrusion and so are not appropriate to apply in this case.

Guidance on Noise Criteria

The criteria are proposed as guidance only and are formed from experience of the authors and
contributors, developed from a low level of public response from the historic use of NR-curve
based targets. This new framework is called the G-Curves, defined in Appendix G, provides a
way to reference sound spectra data in a single figure, in a similar way to NR, but the reference
is in 1/3 octaves to provide improved resolution. It is important to note this is not the same as
an NR curve, but provides a consistent way to present the gym sound data. Furthermore, using
a 1/3 octave band curve as the upper limit for resulting gym noise, enables the practitioner to
undertake a visual, graphical analysis of the resulting impact noise. Such analysis can be crucial
in identifying compliance with the curve at lower frequencies, where resulting impact noise can
often be most disturbing. Therefore, in cases where background noise is dominant at higher
frequencies, it may be possible to exclude such frequencies and visually assess low-frequency
compliance with the curve, even if analysis of the single-figure G-value alone (inclusive of

all assessment frequencies and elevated due to background noise dominance) provides an
‘artificially’ pessimistic result. In such common examples, the graphical analysis can provide a
truer assessment of the actual level of resulting noise and therefore of the potential to affect
users of adjacent noise-sensitive spaces.

The values proposed in Table 2 provide a guide for those setting criteria, whilst being mindful
of the locality and context. The working group have based these values on their experience
and review of criteria from real examples from local authorities. This includes four London and
three Scottish environmental health departments that use NR15 to NR25 night-time (with and
without an open window assessment (the latter depending on the mainly Scottish authorities)
and similar criteria during the day time (up to NR30) have resulted in mitigating complaints, for
all but the most sensitive of the population. Other councils in England use the 63Hz and 125Hz
criteria of 47 dB and 41 dB (Noise Council's Code of Practice (1995)) which equates to NR15 at
63 Hz and NR22 at 125 Hz and is used for all types of development include music noise. One
other English City Council have an NR20 criteria for the 63 Hz and 125 Hz frequencies. Such
use of these NR curves by these and other local authorities have been typically used (and been
demonstrated) to avoid complaints and therefore mitigate further strain on local authorities’
resources. The working group’s experience also typically matches that of the local authorities
(in terms of suitable criteria to mitigate complaints - refer also to Table 2 Notes), although it
was unanimously agreed that the octave bands for the NR curves for low frequency impact



2. Criteria & Good Practice

noise from gyms (approximately 20 Hz to 300 Hz) do not provide sufficient resolution when
attempting to select the appropriate remedial measures/specifications. Therefore, the G-curves
were proposed, as third octave bands, as NR curves are not readily available (or were at least not
found) and it was necessary to establish an alternative a uniform curve. Loosely based on the
NR curve, when log-summed for each centre band frequency, the G Curve would approximate
to the NR value (G Curves being within 0.3 to 1.8 dB, depending on octave band centre
frequency); for example, log-summing the third octave bands of 50 Hz, 63 Hz and 80 Hz would
give an octave band value at 63 Hz similar to the NR value.

Good acoustic design is an approach described in ProPG: Planning & Noise, Section 2 and
expanded upon in Supplementary Document 2. When applied to Gyms, this will require proper
consideration of the type of structure and context of the location to determine suitable criteria
and what may be practicable to achieve. This should inform the Acoustic Design Statement by
the SQA to inform the approach to Stage 1 and Stage 2 deliverables, as set out in Figure 1.

It is recognised that the values in Table 2 will not be suitable in all settings, particularly where
the background noise is particularly low. Equally where background levels are higher, more
relaxed criteria may be appropriate.

It may also be difficult to accurately measure compliance because of the noise floor of Type
1 instruments. In this case compliance should be demonstrated either by calculation or by
demonstration that there is an absence of adverse impact.
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2. Criteria & Good Practice

Table 2: Guidance Internal Sound Target Criteria for Gym Activity — Residential & Other Areas
Guide Criteria (for third octave band values
plots against the stated G curve - see Figure 2)
Receptor type
Airborne Sound (e.g., music) Heavy Impact Sound
Leg 7 (31 .5Hz to SkHZ) LmaxF (31 .5Hz to 8kHZ)
Commercial Offices G25-G35 G35-G45
Retail Areas G30-G45 G35-G50
G15-G25 (day) G20-G25 (day)

Residential Areas

G10-G20 (night) G15-G20 (night)

Table 2 Notes:

1. The Working Group generally found in their experience that levels below the upper
values tended to avoid significantly adverse impacts (SOAEL) occurring and higher levels
than these should generally be avoided, but this is highly dependent on context. The
background and ambient noise levels at any given site can fluctuate (e.q., a building
in an urban setting adjacent to busy infrastructure versus a building shielded from
external adverse noise intrusions and/or quieter location). This variation will also cause
a subjective variance in relation to the perceived noise impact, both during the design
phase and the completed development and the SQA should be cognisant of which
target criteria would be most appropriate to their Gym scheme.

2. In rooms with low background noise levels (below ~20 dB Lago sminutes), the criteria
should be carefully considered and fully justified. It has been noted that the subjective
impression of low frequency noise could still cause issues of disturbance, despite
meeting the above target ranges. Therefore, it is recommended that resulting heavy
impact noise levels at frequencies 80Hz and below, do not exceed a level of 20dB
above the existing background noise dB Laso sminutes Within commercial and retail
adjacencies (without source/Gym related activities). Where good sound insulation and
closed windows results in very low background sound levels this can result in the loss
of masking sound making intruding low frequency sound from Gyms more prominent
and so potentially more likely to cause disturbance

3. For heavy impact noise at least 1/3 octave bands analysis is desirable over the audible
range from 31.5Hz, although measuring down to 20Hz is desirable to cover the audible
range and may assist in identifying outlying peaks of energy.

4. For music noise, particular care should be given to controlling noise in the low
frequency region, in the range 31.5Hz to 200Hz and Lmaxr, Li, Lio may also be used as
parameters as a substitution for Leqr.

1 "A good acoustic design will be one that continues to minimise noise impacts and to avoid significant noise effects for
the lifetime of the development or as long as is practicable taking into account other economic, environmental and
social impacts.” - ProPG SD2ii (2017)
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2. Criteria & Good Practice

Table 2 Notes (Continued):

5. The threshold of hearing, as defined in ISO 226:2003(en) ‘Acoustics — Normal
equal-loudness-level contours’, is not offered as a target for criteria. If achieved, it
can be taken as a positive indication of no adverse effect (NOEL). The contour is also
included to provide a helpful benchmark and guide should more stringent criteria be
required and aims to address the frequency region outside the G-Curves. It should be
acknowledged that these values are based on pure tone constant sound perception,
and so will be likely to result in sound being audible for music or impulsive sounds
which means that criteria may need to be less than these levels to achieve close to
inaudibility in some scenarios. Whether a sound is audible or not depends on it being
of sufficiently low level but also the listening conditions remain relevant.

Figure 2: G-Curves (See Appendix G) plotted against the ISO 226:2003 Threshold of Hearing
(Minimum Audible Field) for pure continuous tone perception of ontologically normal persons
in the age range 18 to 20 years inclusively.

G-Curves plotted against the 1ISO226: Threshold of hearing
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2. Criteria & Good Practice

2.4 Discussion on Vibration Criteria

It is commonly the case when designing mitigation works to achieve appropriate levels of re-
radiated structure-borne noise, that resultant levels of vibration within the receptor space will
be imperceptible. As such, tactile vibration is usually a secondary concern after sound (or noise)
when considering the effects of Gym activity on occupants of neighbouring spaces.

Although instances are rare, it is nevertheless possible for tactile vibration to be a significant
factor in the appraisal of a Gym site or a developed acoustic control strategy. For this reason,
guidance on suitable criteria relating to vibration is also contained in Table 3.

Example situations that may occur include:

e Within neighbouring premises which operate with a relatively high level of ambient
masking noise, such as a themed restaurant or bar.

e An unoccupied adjacency might house vibration-sensitive equipment.
e Areceptor’s floor structure which has a very low natural frequency and/or is poorly damped.

In this case the values in Table 3 may be applied as criteria. This section focuses on exploring
some of those rare occasions.

Table 3: Guidance Internal Vibration Target Criteria for Gym Activity — Residential & Other Areas

Guide Criteria (see Figure 3)

Receptor type

Tactile Vibration (point of entry to the body)
Acceleration (mm/s?)

base curve multiplier of 4

. . ) )
Commercial Offices rms 20mm/s? Wq Peak 40mm/s? Wy (ref. BS 6472:1992)
Retail Areas rms 20mm/s? W Peak 60mm/s? Wh base curve multiplier of 4
(ref. BS 6472:1992)
Residential Areas rms 7mm/s? Who Peak 21mm/s? Wh base curve multiplier of 1.4

(ref. BS 6472:1992)

Table 3 Notes:
1. When measuring vibration, a similar approach down to at least 6Hz is recommended;

2. For facilities that are particularly sensitive (like scientific facilities) a specific methodology
might be appropriate

The acoustic practitioner will need to use their own knowledge and experience in providing
advice but should also consider the various guidance and standards that are available.

This guidance does not attempt to address this, but the following discussion on available guidance
may be of assistance to highlight their application and possible limitations in regard to Gym activity.
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2. Criteria & Good Practice

Figure 3: Vibration weightings (reproduced from BS 6472:2008)

Z-axis vibration weightings for human response (0.5Hz to 80Hz)
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2.4.1 BS 6472: Part 1: 2008 and BS 6841: 1987

BS 6472 Guide to evaluation of human exposure to vibration in buildings. Vibration sources
other than blasting is the most commonly referenced document for vibration affecting
residential and other building uses, where human comfort is the prime consideration.

Background to the document can be found in BS 6841:1987 Guide to measurement and
evaluation of human exposure to whole-body mechanical vibration and repeated shock which
defines the application of various vibration weightings.

It is recommended that the acoustic practitioner is familiarised with both standards prior to
embarking on any assessment.

As shown in BS 6841, the Ws weighting is to be used when assessing vibration in the vertical (z-) axis
with regard to health effects and perception, whilst the Wy weighting is used in relation to hand control
and vision. For vibration in the horizontal (x-, y-) axes, Wa weighting is generally recommended.

It is to be noted that BS 6472:2008 adopts the W, weighting for vibration in the z-axis (irrespective
of whether the receptor is standing, seated or lying down), whereas the acceleration ‘base’ curves
shown in the previous (1992) version of the standard for the head-to-foot axis are based upon

Wys. Both versions use Wa weighting for the x- and y- (fore-aft & lateral) axes. The practitioner

may, therefore, choose to adopt either the Wy or Wy weightings dependent on the context of the
receiver. For example, Wy may be more suited to assessment of effects on residential uses, where
as Wy might be more appropriate for offices or manufacturing.

BS 6472 uses the Vibration Dose Value (VDV) parameter to assess the likelihood of adverse
comment to continuous or repeated vibration over a daytime or night-time period. The Working
Group, however, is of the opinion that extreme caution should be exercised if using VDV or
estimated VDV (eVDV) to assess the effect of Gym activity because;
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2.4.3

e transient or impulsive sources, such as weight impacts evident in Gym activity, are
inherently time-varying and will typically exhibit a “crest factor’ (ratio of peak acceleration
to rms) greater than the range advised for estimation of VDV,

e duration of vibration is also a factor of VDV and would require an estimate to be made
as to the number of events occurring in a daytime or night-time period. This is usually
impractical and may lead to highly erroneous prediction.

Use of VDV for Gyms offering free weights and pin machines, i.e., where discrete vibration
events may be expected, would therefore result in the need for a complex assessment, based
primarily on measurement. If agreed by stakeholders, measurement of VDV may be appropriate
for a Method 2 assessment (see below).

For a more robust assessment of discrete events, it may be preferable to relate received levels
of vibration to the extent to which they can be perceived. For example, BS 6841 states that
50% of alert fit persons can ‘just detect’ weighted vibration (Ws) with a peak magnitude of
approximately 15 mm/s?, with the interquartile range extending from around 10 to 20 mm/s?.

BS 6472 notes that perception thresholds are slightly higher, i.e., people are less sensitive,

for vibration of less than about one second duration and that a person is less likely to notice
vibration if moving around compared to when still. It also suggests that, in non-residential
situations such as offices, people are tolerant of twice the amount of vibration, as VDV,

whereas in a workshop environment, people are four times as tolerant. Higher levels of intrusive
vibration would, therefore, be tolerable in a retail, office or leisure use than in a residential
environment. As the VDV is determined primarily by vibration magnitude, these factors could be
a consideration when assessing tolerance of discrete vibration events in such environments.

Although issues such as hand control and visual blurring should not be ignored, it is noted that
the onset of reported discomfort occurs at weighted rms vibration magnitudes of 315 mm/s?.

HTM 08-01

The Health Technical Memorandum (HTM) sets guidance for health care facilities and may
well be applicable to Gyms within those facilities, or near to them. Rehabilitation gyms do
not typically use heavy weights, whereas a recreational gym for staff or patients may. It makes
reference to BS 6841, recommending use of Wy weighting with base value of 5 mm/s?.
Multipliers of the base value of up to 8, i.e., to 40 mm/s?, are permitted for non-critical areas.

The document suggests that intermittent vibration in critical areas, such as operating theatres
and precision laboratories, is considered against the limits set for continuous vibration. The same
approach is to be adopted in other areas unless the duration and frequency of intermittent
vibration is known, in which case it is advised that assessment could be carried out as VDV as
described in BS 6472. For reasons noted above, the Working Group does not support estimation
of VDV for assessment impulsive vibration.

Specialist Equipment
Whilst the adoption of good acoustic design would typically avoid locating a Gym next to an

area with sensitive equipment, such as high-resolution printers/plotters, electron microscopes
and small component production, it is not inconceivable that instances could occur.

Such equipment is usually, or can be, provided with a bespoke isolation table or mount,
allowing it to be installed in less-than-ideal situations. Manufacturers often supply specifications
for the vibration environment within which sensitive equipment is to be installed and, if the type
and model is known, this should form the basis of the assessment.
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2. Criteria & Good Practice

As is more often the case this detail is not known, and reference should be made to the widely
published set of Vibration Criterion (VC) curves; a full description of these can be found in the
ANC guide Measurement & Assessment of Groundborne Noise and Vibration.

As these are set for continuous vibration, comparison against peak levels of impulsive vibration
would result in a robust approach to an assessment. The curves are presented in terms of vibration
velocity and so additional care may need to be exercised in converting data from acceleration values.
Simple approximation of the waveform to a sinusoid could introduce a significant level of uncertainty
due to high crest factors.

Floor Response Factors

The Steel Construction Institute (SCI) has developed its own set of base curve multipliers, known
as Response Factors, for use in designing lightweight or composite floors. These modify and
supplement those set out in BS 6472:1992 to reflect acceptance limits for continuous vibration
in non-critical areas (Note: this standard superseded by the 2008 version).

The base curves adopted are derived from rms acceleration of 5mm/s? (vertical axis) and 3.57
mm/s? (horizontal axes). Weighting networks in the vertical axis are either Wy where human
comfort is of concern, i.e., as BS 6472:2008, or Wy where vision and/or hand control is more
important, i.e., as BS 6472:1992. The Wq weighting network is to be used for vibration in the
horizontal axes.

Multiplying (Response) factors are stated for the transient, albeit repeatable, event of a single person
walking. For an office, a factor of 8 is recommended whilst, for a shopping mall, the value is 4.

BS 6472: Part 1: 1992

Although withdrawn, reference to this standard can also assist in assessment of Gym vibration.
As HTM 08-01, this standard provides guidance in terms of the Wy weighting network for
vibration in the head-to-foot (standing/seated or reclined) axis.

In addition to defining a base curve for rms levels, normalised to a weighted value of 5mm/s?,
a family of multiplied base curves are also suggested to reflect acceptability of vibration in
various settings.

The 2008 version of BS6472 modifies rather than replaces the guidance offered in this standard,
which still remains valid if hand/arm co-ordination or vision of the receptor is of more concern
than general health effects. It should be noted, however, that use of the base curve and its
multipliers to assess peak vibration levels from Gym activity may result in highly conservative
conclusions being drawn.
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3. APPROACH & TESTING METHODOLOGY

3.1

General

The following methodology should be applied as part of the approach, which is illustrated in
summary in Figure 1, by an SQA, and should result in an Acoustic Design Statement to set out
how elements 1 to 4 will be addressed.

The part of the methodology that is best suited to each stage in the approach, will be determined
by the specific use scenario proposed, however it is expected that a heavy drop methodology
(Method 1) will be most suited to the Stage 1 assessment and where there is an existing Gym
operation that Method 2 can be used, over a suitably representative period of operation.

By following the approach suggested in Figure 1 and 4 the primary aim is to determine
whether the building is likely to be suitable for the intended use, or to assist the investigation
of complaints related to existing Gym operations. In determining the former the risk of causing
adverse impacts on sensitive receptors, as a result of sound and vibration, requires a feasibility
assessment to be completed as part of Stage 1.

In many light weight structures, there may be a high risk of causing adverse impacts identified,
which may be difficult to overcome. The Stage 1 assessment is therefore an important viability
check, to determine whether the proposal may not be commercially viable and should be
avoided as a result. Where the risk is identified as medium or below it is likely that with
mitigation a good outcome could be achieved. This process will likely assist with the costing
exercise by others for the project. This is then followed by a Full Assessment and a production of
an Acoustic Design Statement to set out how this would be done.

The methodology is applicable for both baseline and commissioning testing of all Gym areas.
In the following sections, various testing parameters will be explained, allowing for the
methodology to accommodate proposed Gym spaces used for varying uses (see Section 1.2).

Acoustic issues from Gym activity can be separated broadly into three sub groups, (covered in
Section 3.5 in more detail):

e High Impact Response (HIR) (e.g.: Impacts with hard/ soft masses)
e Synchronised Repetitive Excitation (SRE) (e.g.: Running on a treadmill)
e Airborne Noise (AN) (e.g.: Amplified Music)

It is understood that an Airborne Noise assessment can be completed following other standard
methodologies such as guidance given in BS EN ISO 16283-1. However, for HIR and SRE
analyses the following assessment methodologies are recommended to provide a standardised
framework for assessments.

For HIR assessments, a single high-impact impulse can be generated by dropping or slamming
of a heavy weight (e.g.: dumbbell/barbell/kettlebell/slam-ball/tractor tyre/ battle ropes), which is
referred to in the following sections as a “weight drop” event.

In an ideal scenario, final commissioning of Gym equipment could reasonably be undertaken by
measuring the specific items of Gym equipment being used by professionally trained Gym users as
part of method 2. However, in practical terms, this is usually not always possible. What is usually
the situation is an opportunity to undertake baseline acoustic tests prior to Gym floor installation.
This means a consistent assessment methodology using method 1 is helpful. The results of such
an analysis should form the objective part of the assessment process, which should also consider
other subjective considerations (e.g.: how ‘noticeable’ the noise is subjectively).

Complaint investigation is likely to be related to an alleged nuisance or part of noise management by the gym operator
(see A3 and C6).



3.2 Summary of Methodology

3. Approach & Testing Methodology

The aim of the testing methodology is to simulate the source activity (HIR or SRE) in the proposed
Gym area(s) and measure resulting noise levels in the nearest sensitive receptors, which can then

be assessed against defined criteria.

Figure 4. Flowchart to Determine Appropriate Gym Testing Methodology, which works within

the framework of that set out in Figure 1.

Use METHOD 2

Use PREDICTION METHOD
/ SUITABLY QUALIFIED
ACOUSTICIAN for guidance

Use METHOD 1 for
benchmark testing

(Construction must be
suitably robust)

Method 1 will be most
commonly used for
Stage 1 (Feasibility)

— EXISTING — Is the Gym EXISTING or PROPOSED?

PROPOSED

Can SITE TESTING be undertaken?

— NO —— (Note: For New-build this would need
to be during Construction Phase once
the structural substrate has been built)

YES
NO Is the proposed GYM ACTIVITY

known / available to use for testing?

YES

Use METHOD 2

(Construction must be suitably robust)
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3.3.
3.3.1

3.3.2

3.3.3

*Note:

Equipment

Sound Level Meter

The Sound Level Meter (SLM) should comply with the requirements of accuracy class 1 defined
in IEC 60651 and IEC 60804. The SLM should be calibrated before and after measurement using
a calibrator compliant with accuracy class 1 defined in IEC 60942. Reverberation Time measuring
equipment (where applicable) shall comply with the requirements defined in ISO 354. Fast
integration (0.125 seconds as a minimum) is required to allow isolation of events post processing
and any drift reported.

Vibration Monitoring

The vibration analyser should be of a type complying with the requirements of BS EN ISO 8041-1:2017
and should have been subject to certified laboratory calibration within the previous two-year
period. Calibration of the measurement system should be checked before the survey, either by
reference to laboratory or factory calibration records or through use of an appropriate portable
‘shaker table” calibrator.

Equipment should, ideally, be capable of simultaneous measurements in three orthogonal axes,
as described within BS 6472:2008. Measurement in a single (z-) axis only may prove adequate
when assessing the response of a floor.

Weight
A simple heavy drop method is likely to be useful as part of a Stage 1 assessment, but it may

also assist as part of a Stage 2 assessment. To generate a source impulse through weight drops,
the source ‘weight’ should:

For Method 1 Testing:

e Be selected with a mass that is suitable for exciting the structure to a point where a
response will be achieved (or highest weight to be used by the Gym if less than 35 kg*).
This is typically between 20 to 35 kg dropped from a height of 0.5m. Maintaining an
equivalent mass will allow comparison of data across different projects. The uncertainty
becomes greater for lightweight structures, and Method 2 would be preferred.

e Be of a shape which will consistently impact the floor with an equal surface area. The
normal way of achieving this would be to utilise a kettlebell with a rounded (or partially
rounded) base, allowing for the generation of a consistent and repeatable impulsive
force. If this is not practicable, then additional numbers of weight drops are advised to
ensure that a typical worst-case can be determined from the measured drops.

* Have a rubberised finish (See Section 3.5.3).

e Method 1 excludes drops from 0.5m above 35 kg - Anything above this weight would
be classed as Method 2 testing.

e Carry out a response factor test of the structure (see section 2.3.4)

If possible, mass selection used in Method 1 should be representative of typical proposed activity, which should be justified
and may result in restrictions on the use through planning condition restrictions and or a noise management plan.
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Figure 5: Examples of typical weights for Method 1 testing

v X

For Method 2 Testing:

The purpose of Method 2 testing is to measure realistic anticipated /existing resulting noise
levels from activity that is representative of the proposed Gym activity in the space. This may be
helpful in complaint investigations or where known activities are being planned, and as such
would tend to be part of a Stage 2 assessment. Any proposed Gym equipment can be used but
this is likely to involve dropping heavier weights/barbells from greater heights etc. (See Appendix
F for guidance on Health & Safety). Where possible, measures should be taken to prevent the
testing method from damaging the building structure (e.g., bare or untreated floor surfaces).

Due to the variation in the way energy will be transferred into the structure for different activity
types, Method 2 testing should ideally include assessment of one of each of the following
activities (where these items are proposed or are expected to occur in a Gym):

e Slamball/Medicine ball/Weight bags: Slams using the heaviest proposed unit*, ‘slammed’
from head height (approx 1.5 m). If slamballs are proposed to be slammed on walls, this
should be measured. Generally, the worst-case weight would be around 10 kg in that case.

e Dumbbell: Drops using the heaviest proposed unit*, in line with drop methodology
given in Method 1. Generally, the worst-case weight would be around 35 kg.

e Barbell: Drops using the heaviest proposed unit*, in line with drop methodology given in
Method 1. Typically, the worst-case weight would be around 150 kg.

e Treadmill: Running on the treadmill at a setting representative of a fast run (around 10
km/h) with shoes and with a flat-footed running style. This should ideally be measured
continuously for a minimum of 30 seconds.

e Fixed Pin Weight Machines: Given that the weight is fixed in the machine, it is
recommended that the weight bars are released to drop from a height of around 0.2m
typically, the worst-case weight would be 50 kg (depending on the type of machine).
Depending on the placement of such machines, a judgement would have to be made on
site, to ensure the worst-case situation has been assessed, taking into consideration the
maximum weight of different machines and their proximity to the noise-sensitive receptors.

e Other: Significant bespoke activities should be assessed such as battle ropes, weight
bags, tractor tyre flips etc.
*Note: The ‘heaviest proposed unit’ may not necessarily be the heaviest weight available, particularly for units with

interchangeable weights, however, should be representative of the typical upper limit used by the strongest/most
experienced Gym users. A view should be taken in consideration of guidance from the Gym users and operators.
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3.3.4. Gym Floor Samples

If samples of flooring are being tested, these should ideally be a minimum of Tm x 1m in size to
avoid the dropped weight rebounding onto the underlying substrate. Such dimensions are also
required to ensure any deflection of the tile/treatment is representative of a wider sample.

For treatment types with ‘centres’ at larger dimensions (e.g.: resilient cube system at 1m centres)
it is recommended that a sample which ideally covers twice this dimension is used, as shown
indicatively in Figure 5, although it is recognised that this is not always practicable. The sample
should have a performance largely equivalent to the fully installed floor system, however it

is recognised that for floating floors, a small sample will not be fully representative of cavity
damping effects. Selection of the sample should also take into consideration the required
loading of the floor and substrate to achieve the desired frequency response. Suppliers and
SQA's can assist with determining what is suitable, and that this will often represent a worst case.