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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Acoustics — Acoustic insulation for pipes, valves and flanges

1 Scope

This document defines the acoustic performance of four classes (Classes A, B, C and D) of pipe insulation.
It also defines a standardized test method for measuring the acoustic performance of any type of material
system construction, thereby allowing existing and new insulation constructions to be rated against the four

classes. Fu
meet thesq

This docu
componen
below 300
insulation

'thermore, this document presents some typical types of construction that would be.g
acoustic performance classes.

s. Itis valid for pipes up to 1 m in diameter and a minimum wall thickness of4)2 mm fof

bf rectangular ducting and vessels or machinery.

This docu
to assist

ent covers both design and installation aspects of acoustic insulation and provide
ise control engineers in determining the required class andyextent of insulation

a particular application. It gives typical examples of construction imethods, but the examp
informatiopn only and not meant to be prescriptive.

This document emphasises the aspects of acoustic insulation ‘that are different from those

insulation,
are beyond

2 Norm

The follow
requireme
the latest ¢

ISO 354, Ad
[SO 3741:2

sound pres
3 Term

For the puj
ISO and IE

serving to guide both the installer and the noise gontrol engineer. Details of thermal
the scope of this document.

ative references

ng documents are referred to in the text in such a way that some or all of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

oustics — Measurement of sound absorption in a reverberation room

D10, Acoustics — Determination of sound power levels and sound energy levels of noise so
fure — Precision méthods for reverberation test rooms

s and definitions

poses. of.this document, the following terms and definitions apply.

[ nfaintain terminology databases for use in standardization at the following addresse

xpected to

ment is applicable to the acoustic insulation of cylindrical steel pipes @nd”to their piping

diameters

mm, and 6,3 mm for diameters from 300 mm and above. It is not applicable to the acoustic

s guidance
heeded for
es are for

of thermal
insulation

ronstitutes
references,

urces using

2]

3.1
piping
cylindrical

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

pipes and fittings such as valves, flanges, bellows and supports

Note 1 to entry: Piping is a pipe, or a system of pipes used to convey fluids (solids, liquid or gas) from one location to
another. Piping fittings: Fittings are used in pipe systems to connect straight sections of pipe and adapt to different
sizes or shapes.

© IS0 2023 - All rights reserved
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3.2

acoustic insulation

acoustic lagging

outer cover applied with the aim of reducing the noise radiated from the pipe

Note 1 to entry: Acoustic insulation/acoustic lagging typically consists of a sound-absorbing and/or resilient material
(“porous layer”) on the piping and an impermeable outer cover (“cladding”). The term “insulation” used for the
remainder of this standard refers to insulation and to lagging, which are both considered to be the same thing.

3.3

airflow resistivity

pressure drop per unit thickness of a porous material encountered by a steady air flow of unit velocity
through the material

Note 1 to €
thickness of

ntry: Airflow resistivity equals the pressure drop divided by the product of the air vélog
the sample.

ity and the

Note 2 to entry: The unit of airflow resistivity is N s/m* = Pa s/m?2.

Note 3 to en 2.

try: Procedures for determining the flow resistivity are described in ISO 9053-1"and ISO 9053

3.4
insertion
sound poV
Dy,
difference
acoustic in

0SS
ver insulation

in the sound power level radiated from a noise source-before and after the application of the
sulation for any octave or one-third-octave band

Note 1 to enftry: Insertion loss is measured in decibels.

Note 2 to enftry: See Notes to entry 2 and 4 to 3.5.

3.5

sound pre
DP

difference [in the sound pressure level, at a.specified position relative to the noise source, befor
the application of the acoustic insulation forany octave or one-third-octave band

ssure insulation

e and after

Note 1 to enftry: Sound pressure insulatjemris measured in decibels.

Note 2 to
of sound pqg
intensity m
determinin

Note 3 to e

ntry: For noise sources located indoors, especially for laboratory measurements, the de
wer insulation, Dy, is‘most appropriate. Dy, can be determined in a reverberation room or
pasurements. Sounpduntensity measurements can also be used to obtain Dy, in the field. Meth
b sound power using sound intensity should refer to ISO 9614-1 or ISO 9614-2 as is most appro

termination
with sound
odology for
priate.

htry: For piping outdoors in field situations, the determination of sound pressure insulatio

, Dp, is less

accurate buft can be.amore practical approach provided extraneous noise sources do not significantly impinge upon
the measurpments=~The sound pressure measurement positions should be selected in relation to the design goal of
the acousti¢ insulation, which will in general be in a circle around the piping. It is preferable to use a measurement
distance of | frfrom the pipe surface, or 2,5 times the pipe diameter for pipes less than or equal to 0,33 m|in diameter,
to minimizeiear field measurement etfects.

Note 4 to entry: The measurement positions and plant operational conditions for determination of Dy, or D, should
be the same with and without the acoustic insulation. If the radiation patterns of both the untreated and acoustical
insulated piping are “cylindrical omni-directional”, the two measures (D, and D) yield the same result.

3.6

anechoic termination

non-reflecting acoustic assembly located at the end of a pipe or duct, which transforms a pipe or duct of finite
length into an acoustically infinite long pipe/duct, specifically for in-pipe/duct aero-acoustic measurements

© IS0 2023 - All rights reserved
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4 C(Classes of acoustic insulation

This clause defines four classes of acoustic insulation or acoustic lagging, denoted Classes A, B, C and D, in
terms of requirements for minimum insertion loss. The minimum insertion loss is specified in Table 1 and
illustrated in Figures 1 to 4. Formulae for the approximate calculations of the required insertion loss (within
0,5 dB) are presented in Annex B.

The insertion loss of acoustic insulation or acoustic lagging is related to the diameter of the pipe on which it
is applied. The pipe diameters are divided into three pipe size groups and the insulation class will consist of
a letter/number combination indicating the diameter on which the insulation is applied.

The pipe sizes used are:

— less thpmr 300 mmroutsidediameter;
— greatef than or equal to 300 mm but less than 650 mm;

— greatef than or equal to 650 mm diameter but less than 1 000 mm.

Table 1 — Minimum insertion loss required for each class

Range of nominal diameter Octave band centrefrequency, Hz
Class D 125 | 250 | 500 | 10d0 | 2000 | 4000 | 8000
mm Minimum.inSertion loss D, dB
Al D <300 -4 -4 2 9 16 22 29
A2 300<D <650 -4 -4 2 9 16 22 29
A3 650<D<1000 -4 2 7 13 19 24 30
B1 D <300 -9 -3 3 11 19 27 35
B2 300 <D <650 -9 >3 6 15 24 33 42
B3 650<D<1000 -7 2 11 20 29 36 42
C1 D <300 -5 -1 11 23 34 38 42
C2 300<D <650 7 4 14 24 34 38 42
C3 650<D<1000 1 9 17 26 34 38 42
D2 300=<D <650 -3 4 15 36 45 45 45
D3 650<D<1000 3 9 26 36 45 40 40

In order td conform to a given'class, the insertion loss of all seven octave bands shall exceed ¢r be equal
to the levdls specified. Ansacotstic insulation that does not fully satisfy the above requirement shall be
designated as “unclassified::

Acoustic infsulation willreduce the noise radiated directly from the pipe but there is a counteracting effect:
for radiatign of any.residual vibrations as the insulation cladding has a larger radiating area than the surface
area of the|bareipipe. Furthermore, the cladding can have a higher radiation efficiency than the pipe, at low

frequenciep.. These effects are relatively more important on small diameter pipes and pose a llimit to the
app]lcablll AV of the various classes of insulation

Acoustic insulation will also exhibit a resonance at low frequency due to the mass of the cladding and the
spring action of the trapped air and the porous layer. The resonance frequency in hertz, if the mechanical
stiffness contribution of the porous material is low, is approximately given by Formula (1):

fo=—20 )

m”d

© IS0 2023 - All rights reserved
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where

m”  isthe numerical value of the mass per unit area of the cladding, expressed in kilograms per square
metre,

d is the numerical value of the distance between the tube wall and the cladding, expressed in metres.

The insertion loss of the acoustic insulation is expected to be negative for frequencies below 1,4f,,.

DW,min
50

0

30 -

20

10 | | | | | |
125 250 500 1000 2000 4000 8000 | X

Key
X odtave band centre frequency in Hz —_— Classes Al and A2

Dymin ~ mnimum insertion loss in dB —_— - — Class A3

Figure 1 — Minimum insertion loss required for Class A
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DW,min

10 |-

A"_/—
10 | | | | |

125 250 500 1000 2000 4 000

odtave band centre frequency in Hz —_—— Class B1
mJnimum insertion loss in dB — s < Class B2
...... AN Class B3

Figure 2 — Minimum insertion lIoss required for Class B

50

40 -

30 -

20

10 -

8000

o

-10 | | | | |
125 250 500 1000 2000 4000

octave band centre frequency in Hz —_—— Class C1
minimum insertion loss in dB s — Class C2
...... NS Class C3

Figure 3 — Minimum insertion loss required for Class C
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trum of the

,min
50
& £
~ —
40 o——
10 | | | | | |
125 250 500 1000 2000 4000 8000 [ X
Key
X odtave band centre frequency in Hz —_— Class D2
Dymin ~ Mnimum insertion loss in dB — ©>—  C(lassD3
Figure 4 — Minimum insertionloss required for Class D
NOTE1 The reduction in overall A-weighted sound(pressure level will depend on the frequency sped

source. Som

NOTE2
measureme
evaluation

required in
deviation (s
8000 Hz). S

5 Guidance to thereduction of noise from pipes

5.1 Req

e typical examples are given in 5.5 and 5L6.

'he values of the minimum required insertion loss given in Table 1 were derived from
nt results of about 60 different (standard) acoustic pipe insulation systems and obtained b
f the test data for each insulation class. For each octave band and each insulation class, th
bertion loss was calculated-asthe arithmetic mean value of the respective test data minus thg
tandard deviations were typically 3 dB in the octave bands 125 Hz to 1 000 Hz, and 9 dB from
light simplifications Jed to the straight-line approximations displayed in Figures 1 to 4.

hired insertion loss: design phase steps

laboratory
y statistical
e minimum
bir standard
2000 Hz to

5.1.1 De

termination of sound pressure levels

Determine the sound pressure level, L,(1,r), at a distance of 1 m from the bare pipe wall. Where this is not
known, information can be obtained from the supplier of the upstream equipment, or from references in the
Bibliography. Piping upstream and downstream of the source shall both be considered, separately.

Both the octave-band sound pressure levels and the overall A-weighted sound pressure level should be
determined.

The metho

NOTE 1

d to be applied depends on the source of pipe noise under concern.

© IS0 2023 - All rights reserved
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NOTE 2  Data or methods to predict pipeline noise from rotating equipment attached to the line are often difficult
to obtain. When reliable data are not available, it is suggested that measurements be made on pipelines of similar size
and wall thickness that are attached to similar equipment.

5.1.2 Evaluation of sound pressure levels against limits

If the pipe is the only source of noise in the area and is radiating under free-field conditions, the sound
pressure level determined for the relevant place can be compared directly with the work area noise limit.
The sound pressure insertion loss needed is obtained by subtraction.

Where other noise sources are also present, the total noise level should be determined, before comparing
with the work area noise limit. See also 5.1.4.

5.1.3 Determination of sound power levels

The sound power level, L, radiated from the entire pipe can be derived from sound pressure level$ measured
in the free field as given by Formula (2) (see ISO 3744):

LW(s)zg(x,r)+101g£2§rS)dB 2)
0
where
s is the length of the pipe in metres;
So equals 1 m?;
r is the distance from the pipe axis, in metres,|pféferably r= (1+%D) , which is 1 m|from pipe

wall];

g(x,r) surface sound pressure level, in decibels, obtained by averaging over a specified mpasure-
ment surface at a distance r from the-axis of the pipe, at a distance x from the noisg source,
measured along the pipe in freesfi€ld conditions.

NOTE The preferred value for x is 1 m; where attenuation along the pipe is considered negligible, larger values of
x can also bg used.

If the pipe|is long and cannot be (measured over its entire length, it may be worth estimating| the sound
pressure ldvel by measuring thesound pressure level near the source and taking the noise attenuption along
the pipe info account.

This is expfessed by the following Formula (3) (see Reference [8]):

L, (x.)=L, 1) P¥/ aB 3)

L,(1,r) isthe sound pressure level at a distance of 1 m away from the noise source, at the same

P
distance r from pipe axis as in L, (x,r);
B is the attenuation factor, in decibels;
D is the diameter of the pipe in metres.

The value of B can be 0,06 dB for pipes carrying gas or vapour (attenuation of 3 dB for every 50 pipe

diameters) and 0,017 for liquid (attenuation of 3 dB for every 175 pipe diameters), based on practical
experience. If, for a particular application, evidence is available that the value for f is different, this value
shall be used. The length of pipe should exceed (3D/f) before attenuation is taken into account.

© IS0 2023 - All rights reserved
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On the basis of Formula (3), the sound power level L;;, of a long length of pipe can be shown by Formula (4) to

be:
rD
Ly, (s—><>0)=Lp (1,r)+10lg| — |dB+14,4dB 4)
SoB
where B’ is the numerical value of the attenuation factor.
NOTE1  The complete Formula for the relation between Ly, (s) and L, (1,r) is:
Ly (s)=L, (1,r)+10lg| —2™P__ dB+10lg(1-10%'#%/") dB (5)
P 0,15,8In10
It can be shpwn that Formula (5) will develop into Formula (2) for small values of (ﬁ'S/D) and into_Férmula (4) for
very long pipes.
NOTE2  The errors involved in applying Formula (2) for pipes longer that (3D /6) and in applying Formula (4) for
shorter pip¢s are less than 3 dB.
NOTE3 Noise from piping can be transmitted by the fluid or by the pipe wall of both. The acoustic insulation

systems are

5.14 Co

The contri
and should
of the pipe]
point, shoy

5.2 Req

In operatiy
significant
piping upsf

If backgroiyind noise is significant, pipe.noise can often be determined with sound intensity mea

However, i
equipment

A third opt
using the ¢

L

p(x,r

where

effective for both. The propagation of noise by the pipe wall is difficult to-predict.

ntribution to noise in reverberant spaces or environmental noise

bution of the pipe to the noise in the reverberant space‘is calculated from its sound
be added to the contributions from other sources. For environmental noise, the ¢
to the total sound power level of the plant, or to the'sound pressure level at the neig
ld be calculated.

hired insertion loss: operating plants

y higher than the background noise; it can be measured directly as sound pressure lej
ream and downstream of the satirce shall be considered separately.

n-situ sound intensity medasuirements of pipe noise can be difficult to perform and reqy
and expertise (see References [5] and [6]).

ion is to assess the’pipe noise by measuring the vibratory velocity level of the pipe 3
pncept of radiation efficiency is given by Formula (6) (see Reference [9]):

ower level
ntribution
hbourhood

g plants, the assessment of pipe noise‘can be based on measurements. Where the pipe noise is

Vels. Again,

surements.
lire special

urface and

L,
Yo
101go

For practic

)=L,+10lgs dB+101g(D/2r)dB (6)
is the vibratory velocity level of the pipe wall [= 101g( VV \)dB];
0
=5.10%m /s;
is the radiation efficiency (10lgo is negative,as 0<o <1).
al purposes, the value of o can be derived from Reference [9] and Formula (7):
1
. (7)
£
4Df )

© IS0 2023 - All rights reserved
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is the velocity of sound in air, in metres per second;

is the octave-band centre frequency, in hertz.

When undertaking measurements in the field it is necessary to understand the operating conditions of
the plant. Evaluation of the requirements and performance of acoustic insulation systems should always
consider equivalent operating conditions.

NOTE

This method is less preferred since estimates of radiation efficiency are inaccurate as no allowance is made

for the stiffness(flexibility) or thickness of the pipe. It also requires special equipment and expertise. However, this
can be the only available method for situations with high background noise levels or where space does not permit

accurate so

5.3 Leng

The noise

compresso
because nd

If the asseq

the necess

indicate wl

Pipes will
vessel, he

&

1 .
L1eegey HILCIISILY TTICAdSUT TIIITIILS.

rth of acoustic insulation

radiated by the wall of a pipe is usually generated by equipment connectedyto the pi

ise will propagate in the pipe with little attenuation.

sment of various aspects of noise control indicates that acousticiinsulation of a pipe i

nich class of insulation is required.

exchanger, filter, etc., unless it can be shown that attenuation along the pipe has r

hry reduction of pipe noise should be tabulated in octave bands,»Reference to Clause

sually have to be insulated from the noise source to (andsometimes including) the neg

pe, such as

Irs, pumps, valves or ejectors. These noise sources may cause long sectionsof pipe to radiate noise

s required,
1 will then

xt silencer,
bduced the

noise sufficiently at some point downstream and upstream of the source to render further|insulation
unnecessary. This may be the point where the contribution of the pipe to the noise level is belgw a target
value, as a¢cording to Formula (3) or where the noise radiated from the bare pipe is more than 10 dB lower
than the injsulated pipe closest to the source.
If the sounfl power level of a pipe is to be reducedythe length of the pipe, [, in metres, that has to be insulated
can be derived as follows by Formula (8):
100 1-
1=—+-1g[ —— (8)
B R-a

where

D is the diameter of-the pipe, in metres;

R —10Mw /10,

ALy | =Ly with' =Ly without (desired reduction in sound power level), in decibels;

a —{ovPw /10,

Dy, istheinsertion loss of the insulation (see Clause 4), in decibels.

The relation between the variables in Formula (8) is illustrated in Figure 5, with the attenuation factor
p taken as 0,06. This graph illustrates that reductions in sound power are limited by the performance
(insertion loss) of the acoustic insulation, i.e. R shall be larger than a. It also illustrates that, with respect to
radiated sound power, it may be more economical to choose a class of insulation with higher insertion loss,

because th

NOTE

e required length is less.

© IS0 2023 - All rights reserved
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Implications for piping design

[tis important to ensure at an early stage of the design that the piping arrangement allows space for the bulk
and mass of the acoustic insulation. The installation of acoustic insulation to piping as a remedial measure
is usually difficult due to lack of space between adjacent pipes and the piping being at the incorrect height to
allow the correct piping shoes and vibration isolation to be applied.

The noise control engineer should therefore estimate the noise levels of major piping at an early stage in the
design, initially based on estimated noise data if necessary, and should mark on the piping and instrument
diagrams, process engineering flow schemes or other appropriate documents, those sections of pipe which
are to be acoustically insulated. At the same time, it should be considered whether the substitution of low-
noise sources or the use of silencers might be more appropriate.

The design|

When pipi
used. The
resilient el
for the med

q

J

NOTE 1
have satisfa

NOTE2 4
load includd
and the pip|
requiremen|

oI pipe supports and hangers shall allow suificient space 1or the installation or acoustic

g is supported by or suspended from a steel structure, resilient supports or hangeér;
resilient elements shall have a mechanical stop to limit the movement of the pipe,
ement fails. The method for supporting the piping shall be agreed between the parties 1
hanical and the acoustic design.

pring-loaded hangers as applied for overhead piping subject to thermal(expansion will not
ctory acoustic performance.

s the weight of the pipe proper, the content that the pipe carpies, all the pipe fittings attac
e covering such as insulation. A pipe hanger in acoustic seryieé needs to include a vibrati
.

insulation.

should be
n case the
esponsible

necessarily

\ pipe hanger is a designed element that transfers the load from a pipe to the supporting stryctures. The
hed to pipe,
pn isolation
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0 | /] 1/
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Key
1/D  length to diameter ratio of a pipe

ALy, desired reduction in sound power level, in-dB

Figure 5|— Length to diameterratio of a pipe to be insulated for a given reduction in sound power
level as funetion of the insertion loss of the insulation (f = 0,06)

5.5 Derivation of ovérall noise reduction

The decisipn to apply‘acoustic insulation is usually based on a measured or calculated A-weighted sound
pressure/power level in decibels of the unsilenced pipe. However, calculation of the effectiveness|of acoustic
insulation |in terms of overall levels in decibels can only be carried out on the basis of an oftave-band
frequency gpectrum of the noise.

Where possible, the actual sound level frequency spectrum of the pipe under consideration should be
obtained.

If the overall noise level in decibels is the only quantity available, the octave-band spectrum can be estimated
using Table 2. This gives examples of typical spectral shapes of noise emission from pipes attached to
various types of sources. The corrections in Table 2 should be subtracted from the overall A-weighted sound
pressure/power level to arrive at the linear octave-band spectrum.

© IS0 2023 - All rights reserved
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Table 2 — Examples of spectral shapes for noise from pipes attached to various types of sources

Octave band centre frequency
Hz
Source 125 250 500 1000 2000 4000 8000
Difference between A-weighted overall and linear octave band level
dB
Control valve 2 20 16 17 9 6 5 7
Centrifugal 15 12 9 7 3 10 12
compressor P
Centrifugal pump 4 4 5 7 9 12
Reciprocating 7 § 8 8 8
compressor
Pneumatic Pump 9 7 7 4 7 11 17
Solids Convieyor 23 18 11 19 10 4 3
(Dilute Phafse) ¢
Solids Conveyor 23 18 11 8 5 7 9
(Dense Phalse) ¢
a2 In gas sgrvice with gas reaching sonic velocity in the valve, typical nominal pipe diametets'are 150 mm to 350 mpm.
b Typical pipe diameter exceeding 300 mm.
¢ Typical pipe diameter between 200 mm and 300 mm.
NOTE §ound level spectra for screw compressor piping varies significantly based on equipment parameters.
Consequentlly corrections should be based on the best available datafor'specific units.
The effect jof the acoustic insulation is obtained by subtracting the insertion loss of the type of insulation
considered, per octave band. The overall A-weighted sound pressure/power level in decibels afterf insulation
can be obtained by applying A-weighting to the spectriufm and adding these octave-band levels. THe insertion

loss in decibels is the difference between the levels{for bare and insulated pipe respectively.

Table 3 giv
Class A acd
for calculat

The situati
that in the
discrepand
not limited

noise 1

noise 1

failure

es an example of the calculation ofthe overall noise reduction of a 200 mm pipe inst
ustic insulation and connected to a‘control valve. The level of 100 dB of the bare pipe
ion purposes only.

laboratory where the insertion loss values have been determined. A correction term f{
y into account shall he estimated by the designer. The causes for this discrepancy inclu
to, the following;:

adiated by the'structure supporting the pipe;
adiated byyequipment and small pipes attached to the pipe;

to install the acoustic insulation as it was designed.

1lated with
s assumed

on in the field and the quality of the application of the insulation can differ substantially from

o take this
de, but are

These disc

npanr‘ipc are ncn:l”y greater for highpr classes of acousticinsulation. For nvamp]n’ it

s expected

that the difference between laboratory and field insertion losses for Class B, C and D insulation will be
greater than those for Class A.
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Table 3 — Example of calculation

Noise level in decibels

Octave-band-centre frequency Total
Parameter Hz
125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | A-weighted
Noise level from bare pipe connected to 100
control valve
Source correction for valve noise 20 16 17 9 6 5 7
(Table 2)
Estimate of octave-band spectrum of noise 80 84 83 91 94 95 93
from bare pipe
Insertion ldss Class A1 and A2 -4 -4 2 9 16 22 29
(Table 1)
Octave-band spectrum of insulated pipe 84 88 81 82 78 73 64
A-weighted spectrum of insulated pipe 68 79 78 82 79 74 63 86
Noise level reduction 14

5.6 Typl

Typical nojise reduction values may be calculated for different types of sources and variou

insulation.

On the basjis of the octave band spectra of Table 2 and using mifiimum insertion loss values of ]
pproximate A-weighted noise level reductions in decibels are obtained with the vari
n for different types of source see Table 4. The~1@ise control engineer should makse

following 3
of insulati

cal noise reduction values

assessment based on the actual data available.

Table 4 — Typical noise level reduction values for insulation of piping connected to differ

of neise sources

s types of

able 1, the

-

bus classes

their own

ent types

Class Diameter Expected reduction of the overall A-weighted sound pressure/powerf{level
D dB?
mm Centrifugal | Centrifugal | Control |Reciprocating | Pneumatic| Solids Solids
pumps _compressors| valves | compressors Pump Conveyor || Conveyor
(Dilute (Dense
Phase) Phase)
Aland | | D<650 e 10 14 5 7 14 12
A2 Q
A3 D =650 9 15 18 9 12 19 16
B1 D <300 5 11 16 5 8 15 14
B2 3P0 <,D<650 6 14 18 6 9 18 16
B3 D-2650 10 18 22 10 13 23 21
C1 D <500 9 16 22 9 13 22 21
C2 300=<D <650 11 20 24 10 15 25 24
C3 D =650 17 25 29 17 20 29 27
D2 300<D <650 12 22 27 13 17 26 26
D3 D =650 18 28 32 19 23 32 33
a2  The shaded areas indicate that the particular type of insulation may not be (cost-) effective for that application or represents
an unusual application.
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ruction of typical acoustic insulation systems

6.1 General

When constructing an acoustic insulation system, many considerations should be applied to select insulation
materials that will not only meet the acoustic attenuation requirement, but also the environmental,
operational and structural concerns.

This clause lists materials suitable for acoustic insulation and the particular properties necessary for
acoustic purposes. They shall be suitable for the maximum operating temperatures and for the chemical
nature of the environment.

Where environmental and operating conditions are such that Corrosion Under Insulation (CUI) is a concern,

considerat

corrosion yinder insulation.

The examp
intermedig
systems th
been teste
Table 1 shd

Great care
materials g

Annex B shows the general construction of one type of acoustic.insulation system. Annexes C

examples @
6.2 C(Clad

6.2.1 Ge
The claddi

Itisal
dampi

[t can
layer al

In order fo
for exampl
shall be tal

6.2.2 M4

The follow

on should be given for suitable materials that may be able to mitigate the onset o}

les of materials given here do not exclude the use of any other suitable materials; als
te layers can be used. The constructions presented in this standard are-examples
at can provide the necessary acoustic insertion loss. However, any instlation syste

1l be classified accordingly.

needs to be exercised in substituting materials because many thermal standard
re not suitable for acoustic insulation, particularly rigid instdation materials.

f some construction details.
ding
neral

g, also known as jacketing, serves the-following purposes.

parrier to the noise radiated by ‘thle pipe. The layer may be provided with an added m
hg layer.

brotect porous layers from-mechanical damage and provide a weather protection for
nd the pipe surface underneath. It shall therefore have sufficient strength and durabil

" the cladding to béeffective, especially for high insulation classes, acoustic leaks shall
e by means ofdadequate overlaps and sealing. Openings shall be sealed with mastic. H
xen that vibrations do not loosen any fasteners.

terialsfor the outer layer

ng-are examples of materials that are suitable for the outer layer or cladding:

" spread of

o different
bf material
m that has

l as per the method outlined in Clause 9 and meets the minimum insertion loss requirements in

insulating

and D give

ass and/or

the porous
ty.

be avoided,
recautions

— steel, galvanized or aluminized;

stainle

ss steel;

aluminium;
glass fibre (GRP), plastic or rubber;

lead (this should be avoided if possible as it is toxic).
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Galvanized steel shall not be used over austenitic stainless steel or austenitic nickel steel/alloy piping and
equipment.

NOTE1 Under atmospheric conditions of moderate to mild humidity, contact between a galvanized surface and
a stainless-steel surface is unlikely to cause substantial corrosion. However, if the surfaces are in the presence of
saltwater or saltwater air, it would be best to electrically isolate the two metals.

NOTE 2  Austenitic stainless steels are used for domestic, industrial, transport, and architectural products based
primarily on their corrosion resistance but also for their formability, their strength, and their properties at extreme
temperatures.

6.2.3 Materials for an additional layer

An additiomns

thickness (

A damping
and hence

The dampi
cladding.

Examples

hg layer will reduce the deteriorating effects of localized structural contac¢ts between

finsulation. This c ace available for acoustic insulat
layer may be applied to the cladding to provide mechanical damping (increasing the

ower noise radiation. Any damping layer shall be in direct contact with thecladding.

f materials include the following:

on.

a specific

—

oss factor)

piping and

high mass-per-unit-area limp rubber or plastic sheets (mass loaded«winyl);

bitumg¢n-based free damping layers;

visco-¢lastic polymer damping compounds (sheets, spray-ons);

constrpined layer (sandwich) thin steel or aluminium, sheets;

doublg-skin thin-sheet metal cladding (friction and-air-pumping losses).

6.2.4 Vibro-acoustic seals

pr example
tal contact
f 3 mm and
ustic short

ontact between rigid cladding material and the (vibrating) pipe wall shall be avoided, f
at flanges. |[For this purpose, vibro-acoustic seals shall be applied at positions where metal-to-me
would nOI;Ilally occur (see 6.2.4, AnnexB and Figure C.1). They shall have a minimum thickness o
a minimuny width of 50 mm. Sealingmaterial shall be applied to close the gap and to prevent acg
circuit (seq Figures C.1 and C.2);

Localized d

The follow|ng materials areZspiitable for use in vibro-acoustic seals:

— synthdtic and natutalrubber;

ethane;

polyur

neoprene;

silicon;

non-flammable felt.

Where these materials are incompatible with the operating temperature, such seals shall be made of a
compressed layer of porous material (see 6.3).

The edges of the cladding or end cap (see 7.3) shall be folded where they rest on the vibro-acoustic seal.
If the seal is of porous insulation material, the outer edge shall be weatherproofed with a flexible mastic
compound. The flexible mastic compound should be for weatherproofing only and should not be used as a
vibro-acoustic seal.
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6.3 Porous layer

The porous layer serves the following purposes:

— itisar

esilient vibration-isolating support for the cladding;

— it converts acoustic and vibratory energy into heat.

The porous layer is normally in the form of blankets, sheets or preformed pipe sections.

In order to avoid transmission of structure-borne sound to the cladding, a layer of porous material with
a mechanical stiffness less than 105/t N/m3 should be selected, where t (in metres) is the thickness of the
porous layer. The effects of operating temperature range and environmental temperature range should be

considere

in material selection to ensure the mechanical stiffness requirement is valid for all temperature

conditions
achieved.

Low effect
between p
described 1

The follow
minerd
naturd
flexibl

aeroge

For fibrou{
the stiffned

Materials
function, b
necessary

a replacemient for, the porous layer.

The use of
This effect
acoustic in

An alternaf
thermal-ad
as well ag
calculation

applying a

A layer of thermal insulation can be required below the acoustic insulation to_€hg

ve stiffness can also be ensured by choosing a porous layer of smaller thicknéss than t}
pe surface and cladding, creating an air gap. In that case, spring supports-should bg
n 6.4.

ng materials are suitable for use as porous layer:
11 fibre (glass, rock, ceramic);

| fibre;

e elastic foam (FEF);

| blanket.

materials, the fibres of insulation systems that are perpendicular to the pipe wall cz
s and thereby reduce the acoustic performance of the system.

vith a rigid structure (e.g. PUF/PIR, cellular glass and calcium silicate) will not provide t
ut can be required for other reasaons;;such as thermal insulation. If such materials are
for a combined thermal and acoustic function, these rigid layers shall be used in additig

thermal insulation materials with a rigid structure increases the surface area of the
ively increases the diameter of the pipe and shall be taken into account when se
sertion loss classifieation for pipe diameter.

ive combined thermal acoustic function can be achieved using flexible porous layers fo
oustic insulation systems. The porous materials listed in this section have a thermal fu

a specificracoustic function. When undertaking separate thermal and acoustic
s, it camnbe’advantageous to consider the acoustic insulation system for thermal calcu
ditional sacrificial porous material layers for thermal requirements. Such an approac

help to redrlce the thickness and installation complexity for a combined system.

ure this is

he distance
chosen as

In increase

he acoustic
considered
n to, not as

bare pipe.
ecting the

r combined
nctionality
insulation
ations and
h can often

Note that it is not within the remit of this document to provide thermal insulation calculations. Such
predictions should be undertaken by suitably qualified persons.

For further information on Thermal-Acoustic insulation see Clause 8.

6.4 Support of the cladding

Where the porous layer is composed of semi-rigid sections and the pipe is horizontal, it will not normally be
necessary to support the cladding. Where soft blankets are used or an air-gap is applied, it can be necessary

to support

the cladding separately.
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Rigid spacers, as used in distance rings for thermal insulation, shall not be used in acoustic insulation.
Spacers may contain resilient elements. The resilient elements shall have a built-in mechanical stop, in the

direction n

ormal to the pipe axis, in order to limit its maximum deflection (see Figure D.3).

Support rings (see Figure D.4) which carry the weight of vertical stretches of acoustic insulation shall
contain resilient elements. Spring stiffness in lateral directions should be in the range as given for distance
rings, where possible. Resilient elements for support rings have both axial and lateral mechanical stops, to
limit movements of the insulation, in the event that the resilient element fails.

Where the operating temperatures prohibit the use of natural or synthetic rubber as resilient material,
other materials shall be used instead, for example steel springs in the form of a folded band or knitted metal.

6.5 Vibration isolation material at pipe supports

Vibration i

The aim of
being tran

This mater
even if thel

The mater}

7 Insta

7.1 Gen

An essenti
metal cont
would red
because of

Resilient e
deflectiond

The pipe o

corrosion prevention by suitable coatings and the prevention of both ingress of rainwater and co

of water v
excel in re
to the prir
particular]

Although 1
additional
through g
supporting

[y important.onpipes in “cold” services. All seams shall be carefully sealed to prevent1

colation material shall be fitted at pipe supports where the piping rests on steelwgrk:

the material is to prevent the acoustic range of vibration that may exist in/thé pipe
bmitted into supporting steelwork and re-radiated as noise.

ial is not required where piping rests on the ground, or on a concrete structure or f
‘e is a metal plate set into the structure where the pipe support makes/contact.

al shall be suitable for the environment in which it will be installed.

[lation

bral

hl feature of acoustic insulation is that the cladding shall not be in direct or indired
et with the pipe. Any such contact would allow transmission of vibrations to the cladd
ice or nullify the noise reduction of the insulation. It could even enhance the nois
the greater surface area of the cladding.

ements shall not be pre-stressed o1 pre-tensioned to the extent that their operation|
is exceeded.

h which the acoustic insulation is to be mounted is not necessarily hot. Attention shal

hpour within and upon ‘the insulation. In such circumstances the use of porous mat
Jucing moisture ingPess, or mitigate the spread of corrosion in the event of a breach
hary moisture.-barrier (cladding), should be considered. Preventing condensation o

haterialsCused for thermal insulation may also be suitable for acoustic insulation, ther]
application requirements. Special attention shall be paid to the prevention of noi
ips<and to isolation of vibrations in order to prevent their transmission to the d
Stbuctures.

wall from

oundation,

t metal-to-
ling, which
b radiation

al range of

be paid to

hdensation
erials that
or damage
F vapour is
paks.

e are some
se leakage
ladding or

NOTE

can vary in detail according to local circumstances and material systems used.

7.2 Extent of insulation

Figures D.1 to D.11 show the general principles required for acoustic insulation but the actual installation

The length of each pipe to be insulated and the class of insulation shall be as specified by the noise control
engineer responsible for the acoustic design of the installation.
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7.3 End caps

At any place where the acoustic insulation has to be terminated, end caps shall be used, see Figures D.1
and D.2. For flanges, the end cap shall be located as close to the flange as possible but still allow bolt removal.
Rigid end caps shall be isolated from the pipe by means of a vibro-acoustic seal (see 6.2.4).

7.4 Acoustic enclosures and jackets

When the noise radiated from a valve body is to be reduced, the equipment shall be surrounded by an
acoustic enclosure or an acoustic jacket. Flanges can also be surrounded by an acoustic enclosure or by
jackets. Acoustic enclosures/jackets shall be easily demountable and re-mountable to provide access to the

flange or valve and maintain acoustic mitigation when replaced.

The acoust
of the clad
on the pipi
Joints shou

Demountal

Flexible jo
However, t

In some ca
and/or hes
bellows be
shows a pr

Where aco
the ends of
thickness,

for Classes

Acoustic e;ln

cladding.

loss when
required t
300 mm fo

7.5 Prey

Where aco
For examp
load canng
rings.

ic enclosure/jackets should have an outer surface with a mass per unit area at leasteg
ling of adjacent pipes. The porous layer should be similar in material and thicknesst
ng and shall be fixed adequately to ensure acoustic performance when replaced afts
Id be sealed to prevent noise leakage. Examples are given in Figures D.7 to D.9.

ble parts of acoustic enclosures shall have lifting lugs, if their mass exceeds 25 kg.

nts (bellows) may also be surrounded by an acoustic enclosure ‘or by removable
he construction shall take into account the potential range of thermal expansions.

ses, ventilation of the flexible joints is required because of pessible emission of hazan
t transfer (a closed acoustic insulation may lead to the~temperature limits of certa
ng exceeded). Vented joints will often limit the maximumachievable sound insulation. ]
actical solution.

ustic enclosures are installed around flanged joints, they shall be of sufficient length
the pipe cladding. For non-vented enclosures, the overlap should at least be equal to the
see Figure D.7), and for vented joints at leas€100 mm for Class A, 200 mm for Class B a
Cand D (see Figure D.10b).

closures/jackets can be used that can-be repeatedly re-installed and consist of a poroy
est reports should be obtained to.wverify that these enclosures/jackets have sufficien
installed. Enclosures/jackets should be designed to fit the shape of the valve or flan
b cover and overlap adjacentiinsulation at least 100 mm for Class A, 200 mm for (
I Classes C and D (see Figare'D.11).

'ention of mechanical damage

lstic insulationcan be liable to mechanical damage, special provision shall be made tq
e, where it can-be stepped on, separately supported steps should be provided. Where 1
t be avoided; the cladding should be re-enforced by using stiffer plate and addition

jual to that
b that used
r removal.

insulation.

dous gases
n types of

Figure D.10

to overlap
insulation
hd 300 mm

s layer and
t insertion
be they are
lass B and

protect it.
mechanical
hl distance

8 Com

ined thermal and acoustic insulation

8.1 General

Thermal requirements for insulation are beyond the scope of this document. However, it should be noted that
thermal needs can be consistent with acoustical needs. Some pipes can require thermal insulation but no
acoustical insulation, and vice versa. All suitable resilient or porous insulation materials will have thermal
insulating properties, but rigid thermal insulation (e.g. calcium silicate) has very low acoustical insulating
properties in pipework insulation systems.
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8.2 Hot services

When insulation is required for thermal as well as for acoustic reasons, the same material can be used for
both purposes, provided that the provisions of 6.3 are fulfilled. The thickness of the porous layer shall be
determined by the more stringent of the two requirements.

8.3 Cold services

Cold thermal insulation is often made of hard non-absorbent material that has no intentional acoustic
properties. It often only serves to increase the effective diameter of the pipe that requires acoustic insulation.

Where a combined cold and acoustic insulation is required, the acoustic performance should be considered
primarily. The design should ensure the correct temperature interfaces within the system are achieved
for the acqustic material performance, and that the overall thermal requirement for the whole insulation
system is also achieved.

Where separate cold insulation and acoustic insulation are required, the cold insulatien systgm shall be

applied firpt to the pipe and the acoustic insulation shall be applied on top. To prevent cond
the interfafe between the two layers, a second vapour seal shall be applied outsidethe porous I
acoustic insulation. Care should be taken to avoid damage when applying the.cladding direct

bnsation at
ayer of the
y over the

vapour seall; rivets or self-tapping screws shall not be used.

9 Testing of acoustic insulation systems

9.1 General

b describes a method for the determination of theinsertion loss of acoustic insulati
ith a nominal diameter of 100 mm to 1 000 mm. The test method under laboratory
d in principle. For specific information about'measuring equipment, test facilities, et
hould be consulted. The determination ofinsertion loss is basically a determination o
pwer levels. The laboratory procedure.described below is based on ISO 3741 (precisid
ration rooms) and is basically in accerdance with ASTM E1222.

This clausg
on pipes W
is describe
standards
in sound p
for reverbg

n systems
conditions
c., relevant
Fdifference
n methods

NOTE )i
in ISO 3743
are less suit

e described
source, they

ngineering methods for the determination of sound power levels of small movable sources af
1 and ISO 3743-2. As these staterestrictions to the maximum physical dimensions of the noise
able for the purpose of the tests‘ds described in this clause.

The insertjon loss of the acousticsinsulation system depends on the insulation materials, the|method of
installation, the dimensions of the pipe (wall thickness, diameter) and the excitation mechanisms causing
noise radiation from the pipe-(loudspeaker in the laboratory and flow, valve and machinery nloise in the
field). For these reasons theresults obtained under laboratory conditions can differ from those ¢btained in
similar sityiations in practice. The results are very useful for design purposes and for comparing different

insulation pystems,

9.2 Measurement method: Field measurement

9.2.1 Sound power insulation, D,

For noise sources, particularly those located indoors, the determination of sound power insulation Dy, is
most appropriate especially for laboratory measurements, D}, can be determined in a reverberation room
(see 9.3) or with sound intensity measurements. Sound intensity measurements can also be used to obtain
Dy, in the field. Methodology for determining sound power using sound intensity should refer to ISO 9614-1
or ISO 9614-2 as is most appropriate.

9.2.2 Sound pressure insulation, Dp

The measurement procedure below assumes the piping is currently insulated and will have the existing
insulation removed. If the situation is reversed (i.e. the piping is currently uninsulated and will have

© IS0 2023 - All rights reserved

19


https://standardsiso.com/api/?name=9b2dc14ef95cfaea66c201325571fc66

ISO 15665:2023 (en)

insulation installed), the measurement procedure should be reversed such that the uninsulated pipe
measurement is undertaken first, followed by the insulated pipe measurement. The insertion loss calculation
will always be the “without insulation” level minus the “with insulation” level.

For piping outdoors in field situations, the determination of sound pressure insulation D, is less accurate,
but this can be a more practical approach provided extraneous noise sources do not significantly impinge
upon the measurements. To determine if measurement will be possible, the sound pressure levels are
measured in real time octave (or third octave) band levels at a distance approximately 8 to 10 m from the
desired measurement location on the pipe. Moving towards the pipe, the real time sound pressure levels
would be expected to increase in octave band frequencies between 125 Hz and 8 000 Hz, or third-octave
bands between 100 Hz and 10 000 Hz, by at least 5 dB, 1 m from the pipe where the pipe is the dominant
sound source. Where this scenario does not occur, the measurement method is not considered to be suitable
due to extraneous sound sources and the methodology for determining sound power insulation Dy, should

be used (sd

The sound
insulation,
distance of
in diamete
positions (
that are cl
the piping

Measure t}

e 9.2.1).

pressure measurement positions should be selected in relation to the design goal-of t
which will in general be in a circle around the piping. It is preferable to #tse”a me
1 m from the pipe surface, or 2,5 times the pipe diameter for pipes less than or equa
I, to minimize near field measurement effects. Where practicable, measure at 4 (or m
D0° apart when it is 4 radial positions) around the piping, taking care-to avoid any radif
pse to reflective surfaces such as the ground or deck. Additionally; select radial posit
hcts as a self-screen to any extraneous noise sources.

he acoustic
asurement
| to 0,33 m
ore) radial
11 positions
ons where

he L, at each of the radial measurement locations such that a steady sound pressyire level is

established from pipe. Measure in octave frequency bands or third<petave frequency bands as appropriate.
Repeat mepsurements as required at each location to ensure levels measured are steady. Detgrmine the
average ocfave (or third-octave) band sound pressure levels fofthe insulated pipe, L; dB.
Lq:
1N 1/
= _ 10
Ly =1q1g| Z,-=110 dB 9)
where
L; Sqund pressure level at each octave'or-third-octave, in decibels
L{; Sqund pressure level at each radial position at each octave or third-octave, in decibels
N nymber of radial measurements
Remove a|short length of insulation local to the original measurement location. A minimum of 0,5 m
or 6D length, whichever is_the largest, such that a full section of the bare pipe is exposed. Repeat the
3 measurements at each fadial position at 1 m from the bare pipe surface, or 2,5 times the pipe dlameter for
pipes less than or equakto 0,33 m in diameter, to minimize near field measurement and take avlerage level
without in$ulation,£» dB.
Lo:
NN 2/
= - 10
L, =10 1g(N2i:110 1dB (10)
N
where
L, Sound pressure level at each octave or third-octave, in decibels
L,; Sound pressure level at each radial position at each octave or third-octave, in decibels
N number of radial measurements
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Calculate the octave (or third-octave) band sound pressure insertion loss at each radial position, being
the average level at that position without insulation minus the average level at that radial position with

insulation: L, - L; dB.
where

D, isthe insertion loss, in decibels

L, 1isthe average sound pressure level of the insulated pipe, in decibels

L, istheaverage-seundpressureteveloftheuninswlated{bare)-pipeindectbels
A negativelfinsertion loss i.e. where the level for the insulated pipe is higher than the non-insulated pipe level
is possible pt the lower frequencies and should not be immediately discarded. A negative irsertion loss at the
mid/high frequencies indicates that extraneous noise may have interfered with the ndise meagured from
the piping aind measurement may need to be discarded.
NOTE This method can only be used for cold service piping so long as the ice build=up is less than approximately
12 mm thick.
9.3 Measurement method: reverberation room
A steel piple is installed in a reverberation room. Noise is introduged in this pipe using a loudspeaker or
acoustic driver at one end. The sound pressure levels within thé.reverberation room are measfired in the
situation with the bare pipe and with the pipe covered with insulation. The insertion loss of theg insulation
system is the difference between the sound pressure levels-for noise radiating from the bare pipe and the

levels for

test room dlue to the cladding system.

NOTE
reverberati
correction f

The result
from 125 |
reverberat

9.4 Test

941 Te

The requir
range of in

The test rd

If the cladding is a sound-reflecting material, such as steel or aluminium, the sound absor

ise radiating from the insulated pipe, with an.adjustment for changes in sound absorj

nroom is virtually unchanged by addition of pipe insulation on the bare pipe. In that case a co1
pr changes in sound absorption is notequired.

s shall be obtained in one-third-octave bands from 100 Hz to 10 000 Hz, or oct
1z to 8 000 Hz. The accurdcy'in the lower frequency range depends strongly on the
jon room.

facility

5t room

ements.regarding the volume of the test room depend on the desired accuracy, the
Lerest.and the dimensions of the test specimen.

btion in the

btion in the
responding

ave bands
size of the

frequency

om shall comply with the requirements for the acoustic environment as specified in ISO 3741.

This concerns the volume, shape and absorption of the test room, the background noise Ievel, temperature
and humidity.

The minimum volume of the test room is specified in ISO 3741:2010, Table 3. For reverberation rooms
with volumes less than the values shown in this table for the frequency range of interest, or with a volume
exceeding 300 m3, the adequacy of the room for broadband measurements shall be demonstrated using the
procedure of ISO 3741:2010, Annex D. The volume of the test specimen, including the acoustic insulation, is
preferably not greater than 2 % of the volume of the reverberation room used for the test.

9.4.2 Installation

The test pipe shall be installed in such a way that sound contribution due to other sound transmission paths
may be neglected compared with the sound transmission through the test specimen (see Figure 6). This is
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especially important regarding flanking sound transmission, which shall be at least 10 dB lower than the
sound transmission through the test specimen. For that reason, the test pipe has to be resiliently mounted
outside the reverberation room at both ends. The test pipe shall penetrate through walls of the reverberation
room without rigid connections. These penetrations shall be sealed adequately.

NOTE Appendix X1 of ASTM E1222-90:2016 describes a procedure to quantify flanking transmission in order to
determine the maximum insertion loss that can be measured.

[SO 3741 states requirements for background noise. If the background levels appear to be too high, it may be
necessary to insulate the pipe section outside the reverberation room.

11—

\\ 7 A0
3
L

Key

1 loudspeaker cabinet

2 flexiblefjoint, reductionofistructure-borne sound source transmission
3 microphone

4 elastic deal

5 pipe with insulation under test

6 anechoif termination

Figure 6 — Sketch of test configuration for measuring insertion loss of pipe insulation

The pipe is terminated by means of a closed anechoic termination, which shall be located outside of the
reverberation room. The termination shall have a reflection coefficient (power) of less than 10 % in the
frequency range as defined in 9.6.

9.4.3 Pipe dimensions

The steel pipe shall have a length of at least 4 m and a diameter from 100 mm to 1 000 mm. For standard
tests on pipes with outside diameters in the range of 100 mm to 300 mm, a minimum wall thickness of
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4,2 mm is required; for pipes with a diameter in the range of 300 mm to 1 000 mm a minimum wall thickness
of 6,3 mm is required.

For practical reasons, larger wall thicknesses are not recommended because they can cause measuring
problems. Experience has proved that the measured insertion loss will also be valid for a larger wall

thickness t

han that used during the test.

9.5 Sound source

Outside the reverberation room the test pipe is connected to a sound source with sufficient output in relation
to the insertion loss to be measured. The test signal in each one-third-octave or octave band shall be white
noise. Measurements may be performed simultaneously within one or more frequency bands.

A microph
insulation

The sound
borne souf
in order to

The chang
using a ref
which com

9.6 Test
The acoust]

The gap at
be resilienf

9.7 Measurements

The follow
a) Measu
— ex
frd

ro
de|
de|

with the sound source outside the test room turned-off.

b) Measu

plies with ISO 354

bne shall be used inside the pipe to control the consistency of the noise source befer
s applied to the pipe.

source is attached flexibly to the test pipe wall in order to prevent transmission of]
d to the pipe. There shall be an arrangement (e.g. a bend) between the sourceand the {
excite the higher order pipe modes sufficiently.

e in sound absorption in the reverberation room due to the cladding.system shall be
erence sound source in the reverberation room (different from thesource connected {

specimen

the penetrations of the (bare or insulated) pipe through the walls of the reverberation
ly sealed in order to prevent that significant sound contributions radiate from the wal

ng measurements shall be carried-6ut sequentially.
rements without insulation:

cite the steel pipe with either'broadband noise or sequential one-third-octave band noi
quencies from 100 Hz te-10 000 Hz using the sound source connected to the pipe outs
pm;

termine the average sound pressure level (L) in the test room according to ISO 3741;

termine the,average sound pressure level (L) using the reference sound source in thq

rements with insulation:

e and after

structure-
est section

etermined
o the pipe)

ic insulation system shall be installed according to the’manufacturer’s standard instryctions.

room shall
Is.

be at centre
de the test

test room,

re

Sy

4l 1ot £+l 3
PCdAdl LIITU TAUILAUIVUIT UL UIIT lJllJC

stem due to the external source (L)

with the sound source outside the test room turned-off

Itis essent

ial that the following conditions are not changed during the test:

— the setting of the test signal in the steel pipe;

— the setting of the reference source in the test room;
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ation of the source in the test room;

— the microphone positions or microphone path.

Examination and, if it appears necessary, interruption of structure-borne noise contacts between test
specimen and the adjacent wall are essential. Cleaning of the test room after each modification of the
test specimen is necessary to prevent changes in sound absorption in the test room. The sequence of the
measurements (without and with insulation) may be altered if desired.

9.8 Results

In each frequency band of interest, the insertion loss is calculated according to Formula (9):

where
Dy,

Ly, L.

Lbr' Lcr

NOTE !
due to the ¢

Octave-bannd insertion loss data may be calculated from one-third-octave-band data as

Formula (1

DW,oct
where Dy,

9.9 Info

The infornj
this docun]

a) Testsy

de

b —Lc —(Lpr —Ler)

is the insertion loss, in decibels;

Are the average reverberant sound pressure levels from the barfe)(L,) pipe and th
(LJ) pipe, in decibels;

Are the average reverberant sound pressure levels in the test room from the referg
with the bare pipe (L) and the insulated (L..) pipe, ifl decibels.

Regarding the term (L, - L), which takes into account thé.changes in sound absorption in th
adding system, see the Note in 9.3.

0):

:—101g(%2?:110_DWi /10 ) dB

is the insertion loss in each one-third-octave band of the related octave band.

rmation to be reported

ation listed below shall be compiled and reported for all measurements made in accor
ent.

ecimen underdest:

scription-ofithe pipe and the acoustic insulation system (dimensions and materials);

Sp

nolrmal installation procedures;

ecial features for installing the insulation in the reverberation room, especially if dev

(12)

e insulated

nce source

e test room

follows by

(13)

dance with

ating from

b)

location of test specimen in test room;
location of sound source in test room.

Acoustical environment:

floor; sketch showing the location of source and room contents;

frequency range qualifications according to ISO 3741.
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c) Instrumentation equipment used for the measurements, including name, type, serial number and
manufacturer:

— date, place, and methods for the calibration of the equipment used for the measurements;
— copy of calibration certificate.
d) Acoustical data:

— the location and orientation of the microphone path or array (a sketch should be included, if
necessary);

— any corrections applied in each frequency band to account for background noise, in decibels;

— ingertion loss in octave bands in tabular form, insertion loss in one third octave bands|in graphic
form, in decibels to the nearest 0,5 dB;

— thg date and time when measurements were performed;
— full details of person/organization that performed the test.

The report|shall state whether or not the reported sound power levels have been'pbtained in full fonformity
with the rpquirements of this document. If not, then each deviation shall“be reported and the possible
consequenges shall be evaluated.

If the voluine of the test pipe in relation to the volume of the reverberation room causes the undertainty of
the measured values in specified frequency bands to exceed the valués as given in ISO 3741:2010, Table 2,
this shall ble mentioned explicitly (see 9.4.1).
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Annex A
(informative)

Acoustic insulation constructions that can meet the insulation class

A.1 Gen

requirements

eral

There are
insulation

following |
requireme

A.2 Aco
requiren

The consty
insertion |

many forms of acoustic insulation that may be applied. The acoustic performs
construction shall be tested to demonstrate conformance to a specific insulation
ighlights an example of acoustic insulation that would be expected to meet.the/insu
nts.

pstic insulation constructions that can meet the insulation class
nents

pss of the appropriate class, provided that the acoustic inSulation is installed correct]

attention fo detail. The related material requirements are discussed in the following subclat

material ¢
appropriat
be provide

nstructions that are certified would be expected to‘provide the acoustic insertion
e class, often for a reduced thickness or mass. Spegific constructions and material def]
d by the manufacturer or supplier.

Table A.1 — Insulation constructions thatcan meet classes of acoustic insulation

ince of an
class. The
ation class

uctions summarized in Table A.1 would be expected to provide, without verification, acoustic

ly, with full
Ises. Other
loss of the
ails should

Class Description Value
A |min. thickness of porous layer 50 mm
malx. stiffness of porous layer 2,0 x 106 N/m3
mif. mass per unit area of mass layer and/or metal cladding 4,5 kg/m? (e.g. 0,6 mm steel plate)
B  |mif. thickness of porous layer 100 mm
majx. stiffness of porous layer 106 N/m3
mifl. mass per unit area,efumass layer and/or metal cladding 6,0 kg/m? (e.g. 0,8 mm steel plate)
C |min. thickness of porous layer 100 mm
max. stiffness of pérous layer 106 N/m3
mif. mass per unit area of mass layer and/or metal cladding 7,8 kg/m? (e.g. 1,0 mm steel plate)
fof nominal¢pipe diameters < 300 mm
10,0 kg/m? (e.g. 1,3 mm stee| plate)
for|nominal pipe diameters = 300 mm
D mif. thickness first porous layer 50 mm
min. mass per unit area of first mass layer 6 kg/m? (e.g. 0,8 mm steel plate)
min. thickness of second porous layer 50 mm
min mass per unit area of second mass layer and/or
metal cladding
300 mm < D < 650 mm 7,8 kg/m? (e.g. 1,0 mm steel plate)
650mm <D <1000 mm 10 kg/m? (e.g. 1,3 mm steel plate)
max. stiffness of porous layers 106 N/m3
NOTE1 Where a high mass per unit area is required for the cladding, this may be composed of two layers. An

example of an acceptable construction is to combine an outer layer of steel or aluminium and an inner layer of mass
loaded vinyl to provide the additional required mass.
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NOTE 2  The performance of an acoustic insulation system is related to the wall thickness of the pipe. The insulation
systems of Table A.1 are based on standard pipe wall thickness, see also 9.4.3. Thinner pipe walls may adversely
affect the performance of the insulation system, but an increase in wall thickness will not influence the performance
significantly.

NOTE3 Construction examples provided in Table A.1 are for a “porous layer” of mineral/natural fibre. Other
insulation material systems will comprise alternative thicknesses and constructions. Details of these certified
constructions should be obtained from manufacturers or suppliers.

Unless otherwise specified, pipe fittings shall be insulated to the same class as the straight sections of the
pipe.

Where a steel structure is used to support the pipe, there shall be vibration isolation between steel structure

and pipe.

Class A: Fdr acoustic purposes flanges and valves need not be insulated.

Classes B, [C and D: Distance and support rings should be avoided if possible. Where used, théy shall conform
to 6.4. All flanges and valves shall be insulated to the same class as the pipe (see 7.4), exXcept wherg insulation
of these it¢ms is not allowed for safety reasons (e.g. in hydrogen service, see Figure’D.10). Pipeé supports,
when necefsary, shall be insulated up to the concrete or steel base (see Figure D.5) or alternatively to the
vibration isolator.

A.3 Materials

A.3.1 Geperal

This subclause lists requirements for materials that arepsuitable for the acoustic insulatjon. These
requiremehts are additions to those presented in Clause 6:

A.3.2 (Cladding.

The minimum mass per unit area of the claddjrig’shall be in accordance with Table A.1, for the class of
insulation fonsidered.

A.3.3 Porous layer.

The porous layer shall be in the forimof blankets, preformed pipe sections or similar. For fittinlgs, such as
elbows or [tees, preformed sections’ of pipe insulation may be available. If not, then blocks off insulation
material should be cut from ejther preformed pipe sections or flat material and fitted to the pipe Wall. These
shall be tapered and cut to fit.Gaps between blocks shall be minimized.

Suitable mpterials for the'porous layer are given in 6.3. The airflow resistivity of the acoustically absorbent
porous laygr such as.irieral fibre/natural fibre should be in the range 25 000 Ns/m# to 75 000 Ns/m#. This
is normally obtained.by fibrous materials with a density of 80 kg/m3 to 120 kg/m3. Material characteristics
for other materials such as flexible elastomeric foams and aerogel blankets should meet the certified
parameterf pf the system acoustic insertion loss test certifications.

A.3.4 Vibro-acoustic seals.

Vibro-acoustic seals shall be applied at positions where metal-to-metal contact would normally occur
(see 6.2.4, Annex B and Figure D.1). They shall have a minimum thickness of 3 mm and a minimum width of
50 mm.

The edges of the cladding or end cap (see 7.3) shall be folded where they rest on the vibro-acoustic seal.
If the seal is of porous insulation material, the outer edge shall be weatherproofed with a flexible mastic
compound.
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A.3.5 Vibration isolation material at pipe supports.
Vibration isolation material shall be fitted at pipe supports where the piping rests in steelwork.

The aim of the material is to prevent the acoustic range of vibration that may exist in the pipe wall from
being transmitted into supporting steelwork and re-radiated as noise.

This material is not required where piping rests on the ground, or on a concrete structure or foundation,
even if there is a metal plate set into the structure where the pipe support makes contact.

The material shall be suitable for the environment in which it will be installed.
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Annex B
(informative)

Equations for the calculation of the minimum required insertion loss

Dyymin Of the insulation classes

The required insertion loss of the insulation classes Dy, ..;, for the octave centre frequencies from 125 Hz to
8 000 Hz can be approximately calculated (within 0,5 dB) by the empirical equations given in Table B.1.

Table B.1 — Calculation of minimum required insertion loss
Insulation class Frequency band Required insertion logs Dy, i,
Hz dB
Class Al anld A2 125 < f< 250 -4
250<f<8000 221g f/fy - 57
Class A3 125<£<8000 19 1g f/f, - 44
Class B1 125 < f<500 20lg f/fy - 51
500 < <8000 271g f/fy - 70
Class B2 125 < f< 250 201g f/f, - 51
250 <f<8000 301g f/fo-75
Class B3 125 < f<2:.000 30lgf/fy-70
2 000 <8 000 221g f/fy - 43,5
Class C1 125 < f< 250 13 1g f/f, - 32
250 <f<2 000 39 g f/f, - 94,5
2000<f<8000 13,5 1g f/f, - 10,%
Class C2 125<f<2000 341gf/fo-78
2000 <f<8000 13,51g f/f, - 10,5
Class C3 125 <f<2 000 271gf-55,5
2000<f<8000 13,5 1g f/f, - 10,%
Class D2 125 < f< 250 25lgf/fo - 55,5
250 < f< 500 27 1g f/f, - 58
500 < f<2 000 30,5 1g f/f, - 56
2000<f<4000 13,5 1g f/fg=3.5
4000<f<8000 13,51gf/fy - 7,5
Class D3 125 <f<250 271gf-54
250 < f< 500 271g f/fy - 55,5
500 < f<2 000 30,51gf- 56
2000<f<4000 13,51gf-8,5
4000<f<8000 13,51g f/fy - 12,5
fo=1Hz
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Annex C
(informative)

General construction of acoustic insulation

The examples shown in Figures C.1 and C.2 are intended to be typical construction methods and are not
mandatory.

Key

1 pipe

2 porous|layer

3  added mass or damping layer

4  cladding

NOTE ladding may be fixed in position with
— rivets,

— self-tagping screws, or

— stainlefs-steel retaining bands.

Figure-C.1 — General construction of acoustic insulation

Figure C.2 — Overlap (such that ingress of rain water is prevented)
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Annex D
(informative)

Examples of typical construction details

The examples shown in Figures D.1 to D.10 are intended to be typical construction methods and are not
mandatory.

Py

Winscusnett

4

8
2 3 L 5
Key
1 pipe
2 end cap, may consist of two overlapping halves with overlap in the horizontal plane
3 vibro-acoustic seal (see Figure D.2a)
4  retaining banding
5 porous layer
6  overlap (longitudinal seams shall be located in the 4 to 5 o’clock position to prevent moisture intrusion)
7  cladding
8  fixing system of the cladding: rivets, screws (these shall not be used when cladding is directly over a vapour barrier)

or stainless-steel straps

Figure D.1 — Typical arrangement of acoustic insulation showing cladding and end cap
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Key

1 pipe
2 adhesive/sealing layer
3 vibro-acoustic seal

4  retain|ng band

5 shaped profile collar

a) Vibro-acoustic-seal

Key

1 endca

2 masticseal

b) End cap to cladding seal

Figure D.2 — End cap of pipe insulation
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resiliept pad

spring

retain

+ stop

ng band

cladding support ring

cladding

air-gap (may be provided with porous layer)

b)

Figure D.3 — Typical arrangement for cladding supports
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L N \1

Key

1  vibratigpn-isolatingpad

2 pipe wall

3  cladding

4 vulcanizedlayer

5  support on strapping band (or welded)

Figure D.4 — Typical arrangement for vibration-isolated cladding and insulation supports
in vertical pipes
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