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Foreword

ISO (the Inte

rnational 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-governm

ental, in liaison with 1SQ_also take part in the work 1SO collaborates closely with the
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stanglards
the technical committees are circulated to the member bodies for voting’-Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 43, Acoustics{Subcommittee SC 1, Noise.
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INTERNATIONAL STANDARD

ISO 15665:2003(E)

Acoustics — Acoustic insulation for pipes, valves and flanges

1

Scope

This [International Standard defines the acoustic performance of three classes (Classes A, B arLd C) of pipe
insulation. It also specifies three types of construction that will meet these acoustic performg

Furt

rmore, this International Standard defines a standardized test method for measdring

nce classes.
the acoustic

performance of any type of construction, thereby allowing existing and new insulation constriictions to be
rated|against the three classes.

This nternational Standard is applicable to the acoustic insulation of cylindrical steel pipes and t
components. It is valid for pipes up to 1 m in diameter and a minimum walkthickness of 4,2 mm

belo
insul

This

guids
for a
inforn

This
ther
insu

2

The
referg
docu

ISO

ISO
Prec

300 mm, and 6,3 mm for diameters from 300 mm and above.-lt is not applicable to
tion of rectangular ducting and vessels or machinery.

International Standard covers both design and installation ‘d@spects of acoustic insulation
nce to assist noise control engineers in determining the required class and extent of insul

D their piping
or diameters
the acoustic

And provides
btion needed

particular application. It gives typical examples of construction methods, but the exanpples are for

hation only and not meant to be prescriptive.

International Standard emphasises the aspects of acoustic insulation that are different fi

rlal insulation, serving to guide both the installer and the noise control engineer. Detai
I

tion are beyond the scope of this International Standard.

Normative references

following referenced documents are indispensable for the application of this documen
bnces, only the edition ‘cited applies. For undated references, the latest edition of th
ment (including any amendments) applies.

54, Acoustics —.Measurement of sound absorption in a reverberation room

741:1999, Acoustics — Determination of sound power levels of noise sources using sound
sion methods for reverberation rooms

ISO

744y, Acoustics — Determination of sound power levels of noise sources using sound

om those of
s of thermal

t. For dated
b referenced

pressure —

pressure —

Engineering method in an essentially free field over a reflecting plane

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

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

©1SO

2003 — Al rights reserved


https://standardsiso.com/api/?name=c793c9f95e8f0c69f06ea115f19e652c

ISO 15665:

3.2

2003(E)

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

NOTE
piping and an

3.3

impermeable outer cover (“cladding”).

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

Acoustic insulation typically consists of a sound-absorbing and/or resilient material (“porous layer”) on the

the material
NOTE 1 Air
sample.
NOTE 2 TH
NOTE 3 Prd
34
insertion lo
sound pow
Dy

for any octay
noise source
NOTE S¢

3.5

sound pressure insulation

Dp
for any octay

position relatjve to the noise source, before and.after the application of the acoustic insulation

NOTE Fo
insulation Dy
For piping ou
practical appr

acoustic insulgtion, which will in general.be in a circle around the piping. It is preferable to use a measurement dista

1 m from the
measurement
radiation patte
(Dyand D,) y

4 Class¢

low resistivity equals the pressure drop divided by the product of the air velocity and the thickness

e unit of airflow resistivity is N-s/m* = Pa-s/m2.

cedures for determining the flow resistivity are described in ISO 9053.

s
r insulation

before and after the application of the acoustic insulation

e Note to 3.5.

e or one-third-octave band, the differenge, in decibels, in the sound pressure level, at a spe

noise sources located indoors, especially for laboratory measurements, the determination of sound
s most appropriate. Dy, can be~determined in a reverberation room or with sound intensity measurer]
doors in field situations, the determination of sound pressure insulation D, is a less accurate but
bach. The sound pressure, measurement positions should be selected in relation to the design goal

bipe surface, or 2,5..times the pipe diameter for pipes less than 0,33 m in diameter, to minimize ned
effects. The measurement position should be the same with and without the acoustic insulation.
rns of both the-untreated and acoustical insulated piping are “cylindrical omni-directional”, the two meg
eld the sameresult.

s of acoustic insulation

of the

e or one-third-octave band, the difference, in decibels, in the sound power level radiated filom a

cified

bower
nents.
more
of the
hce of
r field
If the
sures

This clause defines three classes of acoustic insulation, denoted Classes A, B and C, in terms of requirements
for minimum insertion loss. The minimum insertion loss is specified in Table 1 and illustrated in Figures 1 to 3.
Equations for the approximate calculations of the required insertion loss (within 0,5 dB) are presented in

Annex A.

The insertion loss of acoustic insulation 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.

© 1SO 2003 — Al rights reserved
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The pipe sizes used are:

— less than 300 mm outside diameter;

— greater than or equal to 300 mm diameter but less than 650 mm;

ISO 15665:2003(E)

— greater 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 centre frequency, Hz
Class b 125 | 250 | 500 |1 OOOI 2000 | 4 000 I 8.0p0
mm Minimum insertion loss, dB
A1 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 3p
B2 300 < D <650 -9 | -3 6 15 24 33 42
B3 650 < D <1000 -7 2 11 20 29 36 4p
C1 D <300 -5 -1 11 23 34 38 4p
C2 300 < D <650 -7 4 14 24 34 38 4p
C3 650 < D <1000 1 9 17 26 34 38 4p
In ordler to conform to a given class, the insertion loss of all seven octave bands shall exceed or be equal to

the lgvels specified. An acoustic insulation that does not fully satisfy above requirement shall be d

“unclassified”.

esignated as

© 1SO 2003 — Al rights reserved
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Figure 2 — Minimum insertion loss required for Class B
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Figure 3 — Minimum(insertion loss required for Class C

1 The reduction in overall A-weighted sound pressure level will depend on the frequency spectrum
typical examples are given in 5.5 and 5°6.

2 Acoustic insulation will reduce the noise radiated directly from the pipe but there is a countera
on of any residual vibrations) the insulation cladding has a larger area than the surface area of
brmore the cladding may have a higher radiation efficiency than the pipe, at low frequencies. Thg
ely more important on(small diameter pipes and pose a limit to the applicability of the various classes ¢

tic insulation willalso exhibit a resonance at low frequency due to the mass of the cladding and the S

bpped air and ‘the porous layer. The resonance frequency in hertz is, if the mechanical stiffness con
s material is\Jow, approximately given by the formula:

o = 607/ \m"d

D00
, Hz

of the source.

ting effect: for
he bare pipe.
se effects are
f insulation.

pring action of
ribution of the

where
m'" is the 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 1,4 f;.

©1SO
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NOTE 3 The values of the minimum required insertion loss given in Table 1 were derived from laboratory measurement
results of about 60 different (standard) acoustic pipe insulation systems and obtained by statistical evaluation of the test
data for each insulation class. For each octave band and each insulation class, the minimum required insertion loss was
calculated as the arithmetic mean value of the respective test data minus their standard deviation (standard deviations
were typically 3 dB in the octave bands 125 Hz to 1 000 Hz, and 9 dB from 2 000 Hz to 8 000 Hz). Slight simplifications led

to the straight

5 Guide

5.1 Requi

line approximations displayed in Figures 1 to 3.

to the reduction of noise from pipes

red insertion loss: design phase steps

5.1.1 Dete

Determine th

known, informnation can be obtained from the supplier of the upstream equipment, or from-réferences
Piping upstream and downstream of the source shall both be considered, Separately. Both the

Bibliography
octave-band
The method
NOTE1 Ta
NOTE2 Da

obtain. When
wall thickness

5.1.2 Evalyation of sound pressure levels against limits

If the pipe i
pressure lev{

sound pressyire insulation needed is obtained by subtrastion.

Where other]
with the work

5.1.3 Dete

The sound p
free field (se

mination of sound pressure levels

e sound pressure level, L,(1,7), at a distance of 1 m from the bare pipe wall. Where this
sound pressure levels and the overall A-weighted sound pressure level_should be detern
o be applied depends on the source of pipe noise under concern.

ble 2 gives typical shapes of octave-band spectra for the most common sources of pipe noise.

a or methods to predict pipeline noise from rotating equipment attached to the line are often diffi
reliable data are not available, it is suggested that measurements be made on pipelines of similar siz
that are attached to similar equipment.

g

J

5 the only source of noise in the area and-is/radiating under free-field conditions, the
| determined for the relevant place may be compared directly with the work area noise limit

noise sources are also present, the total noise level should be determined, before comg
area noise limit. See also 5.1.4.

mination of sound power.levels

bwer level L, radiated\from the entire pipe is derived from sound pressure levels measured
p [SO 3744):

Zp (x,r)+10 |g(27trs/So) dB

s not
n the

ined.

Cult to
e and

ound
. The

aring

n the

is’the length of the pipe (s>>r), in metres;

Ly (s)=
where

S

So

D

r

Zp(x,r)
6

=1m?

is the outside diameter of the pipe, in metres;

is the distance from the pipe axis, in metres, [preferably » = (1 + %2 D), which is 1 m from pipe

wall];

surface sound pressure level, in decibels, obtained by averaging over a specified measurement
surface at a distance r from the axis of the pipe, at a distance x from the noise source,

measured along the pipe in free-field condition.

© 1SO 2003 — Al rights reserved
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NOTE The preferred value for x is 1 m; where attenuation along the pipe is considered negligible, larger values of x
may also be used.

If the pipe is long and cannot be measured over its entire length, it may be worth estimating the sound
pressure level by measuring the sound pressure level near the source and taking the noise attenuation along
the pipe into account.

This is expressed by the following formula (see reference [8]):

Lp(x,r):Lp(lr)—ﬂx/D dB (2)

wherf

4,(1,r) is the sound pressure level at a distance of 1 m away from the noise squrce, [at the same
distance » from pipe axis as in L,(x,r);

3 is the attenuation factor, in decibels.

The palue of g can be 0,06 dB for pipes carrying gas or vapour (attenuation of 3 dB for gvery 50 pipe
diamegters) and 0,017 for liquid (attenuation of 3 dB for every 175 pipe-diameters), based|on practical
expefience. If, for a particular application, evidence is available that the value for g is different, thjs value shall
be uged. The length of pipe should exceed (3D/f) before attenuation.is’taken into account.

On the basis of Equation (2), the sound power level Ly of a long.Jength of pipe can be shown to be:

LW(S—>oo)=Lp(1,r)+10|gSr—Dﬂ, dB+14,4 dB (3)
0

wherg S’ is the numerical value of the attenuation-factor.

NOTH 1 The complete equation for the relationibetween Ly, (s) and L,(1,7) is:

2mrD

- Ll . 4n048's/D
Ly (s)=L,(1r)+10 |g(Q1 B In10]dB+1O Ig(1-10 )aB (4)

It can| be shown that EquationA4).will develop into Equation (1) for small values of (8's/D) and into Equatfon (3) for very
long pipes.

NOTH 2 The errorsdinyolved in applying Equation (1) for pipes longer than (3D/p) and in applying Ejguation (3) for
shortgr pipes is less'than 3 dB.

NOTH 3 Naisevfrom piping can be transmitted by the fluid or by the pipe wall or both. The acoustic insulation systems
are effectivé fer both. The propagation of noise by the pipe wall is difficult to predict.

5.1.4

The contribution of the pipe to the noise in the reverberant space is calculated from its sound power level and
should be added to the contributions from other sources. For environmental noise, the contribution of the pipe
to the total sound power level of the plant, or to the sound pressure level at the neighbourhood point, should
be calculated.

5.2 Required insertion loss: Operating plants
In operating plants, the assessment of pipe noise may be based on measurements. Where the pipe noise is

significantly higher than the background noise, it may be measured directly as sound pressure levels. Again,
piping upstream and downstream of the source shall be considered separately.

© 1SO 2003 — Al rights reserved 7
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If background noise is significant, pipe noise can often be determined with sound intensity measurements.
However, in-situ sound intensity measurements of pipe noise may be difficult to perform and require special
equipment and expertise.

A third option is to assess the pipe noise by measuring the vibratory velocity level of the pipe surface and
using the concept of radiation efficiency (see reference [8]):

Lp(x,r)sz+10Igo-dB+1OIg(D/2r)dB (5)
where
L, is the vibratory velocity level of the pipe wall [= 10 Ig (v/vg) dB];
vo =5x 108 m/s;
101g o |is the radiation efficiency (10 Ig ¢ is negative, as 0 <o < 1).
For practical |purposes, the value of o can be derived from reference [8]:
PR L (6)
1+ 42/’)
where
¢ is the velocity of sound in air, in metres per second;
f s tHe octave-band centre frequency, in hertz.
NOTE ThHis method is less preferred since estimates of radiation efficiency are inaccurate. It also requires special

equipment angl expertise. However, this may be the only(available method for situations with high background noise [levels

or where spad|

e does not permit accurate acoustic inténsity measurements.

5.3 Lengt

The noise r:

compressors,

noise becaus

If the asses

of acoustic insulation

diated by the wall of a-pipe is usually generated by equipment connected to the pipe, su¢h as

e noise will propagate in the pipe with little attenuation.

pumps, valves orjectors. These noise sources may cause long sections of pipe to rgdiate

ment of various aspects of noise control indicates that acoustic insulation of a pipe is reqpired,

then

ncer,
ad the

noise suffrcrently at some pomt downstream and upstream of the source to render further |nsuIat|on
unnecessary. This may be the point where the contribution of the pipe to the noise level is below a target
value, as according to Equation (2).

© 1SO 2003 — Al rights reserved
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If the sound power level of a pipe is to be reduced, the length of the pipe, /, in metres, that has to be insulated

can be derived as follows:

10D 1-a
l:—xlg( j
ﬂo R—-a

(7)

where
D is the diameter of the pipe, in metres;
= 10(ALy) 110)
ALy = Lywith — Lwwithout (desired reduction in sound power level), in decibels;
4 = 10Dy /10)

[

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

The felation between the variables in Equation (7) is illustrated in Figure 4,\with the attenuation factor g taken
as 0,p6. This graph illustrates that reductions in sound power are limitedby the performance (ins¢rtion loss) of

the apoustic insulation, i.e. R shall be larger than a. It also illustrates that, with respect to radiated
it maly be more economical to choose a class of insulation with higher insertion loss, because
length is less.

NOTH Both Equation (7) and Figure 4 can be used for either,octave band or overall sound power valuef.

5.4 | Implications for piping design

It is important to ensure at an early stage of the-design that the piping arrangement allows spac

sound power,
the required

b for the bulk

and mass of the acoustic insulation. The installation of acoustic insulation to piping as a remediil measure is

usually difficult due to lack of space between adjacent pipes and the piping being at the incor
allowjthe correct piping shoes and vibration'isolation to be applied.

ect height to

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 arld instrument
diagrems, process engineering-flow schemes or other appropriate documents, those sections ¢f pipe which

are tp be acoustically insulated. At the same time, it should be considered whether the substi
noisg sources or the use\of’silencers might be more appropriate.

ution of low-

The design of pipe’supports and hangers shall allow sufficient space for the installation of acoustit insulation.

When piping “is.supported by or suspended from a steel structure, resilient supports or hangers should be
used| Thetresilient elements shall have a mechanical stop to limit the movement of the pipe| in case the

resilignt’element fails. The method for supporting the piping shall be agreed between the partie
for the_mechanical and the acoustic design.

5 responsible

NOTE Spring-loaded hangers as applied for overhead piping subject to thermal expansion will not necessarily have

satisfactory acoustic performance.
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Figure 4

5.5 Deriv

The decision
pressure/poy
insulation in

spectrum of the noise.

Q
= 600
5 25
o 20
(0]
E l
kS
©
2 500
o 15
S 30
£
=)
C
; LAOAND /

VUV

10 y
0, =5 dB /
200 l
100
0
0 5 10 15 20 25

Desired reduction in sound power level, AL ,,,, dB

Length to diameter ratio_of a pipe to be insulated for a given reduction in sound pow

level as function-of-the insertion loss of the insulation (5 = 0,06)

tion of overall(noise reduction

to apply acgustic insulation is usually based on a measured or calculated A-weighted s

fer

ound

er level in“decibels of the unsilenced pipe. However, calculation of the effectiveness of acqustic

terms<ofsoverall levels in decibels can only be carried out on the basis of an octave{

band

Where possi

e, the acCtual Spectrum or the plpe under consideration shouldbe obtaimned:

If the overall noise level in decibels is the only quantity available, the octave-band spectrum may 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.

10
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Table 2 — Examples of spectral shapes for noise from pipes attached to various types of sources

The

cons

may
loss

Table
Class A acoustic insulation and connected to a control valve. The level of 100 dB of the bare pip
for cqlculation purposes only.

The
the

discrgpancy into account shall be estimated by the designer. The causes for this discrepancy ing
not lipmited to, the following:

Thesk discrepancies.ar@usually greater for higher classes of acoustic insulation. For example, it
that the difference between laboratory and field insertion losses for Class B and C insulation will b

than

Octave band centre frequency, Hz
Source 125 ‘ 250 l 500 l 1000 l 2000 ‘ 4000 ‘ 8 000
Difference between A-weighted overall and linear octave band
level, dB
Control valve? 20 16 17 9 6 5 7
Centrifugal compressor? 15 12 9 7 3 10 12
Centrifugal pump 4 2 4 5 7 9 12
Reciprocating compressor 3 4 5 6 8 8 8

@ In gas service with gas reaching sonic velocity in the valve, typical nominal pipe diameters are 1150 mm
350 mm.

b Typical pipe diameter exceeding 300 mm.

bffect of the acoustic insulation is obtained by subtracting the insertion loss of the type

be obtained by applying A-weighting to the spectrum and adding’these octave-band levels.
in decibels is the difference between the levels for bare and insulated pipe respectively.

situation in the field and the quality of the application of the insulation can differ substantiall
Ilpboratory where the insertion loss values-\have been determined. A correction term

moise radiated by the structure supperting the pipe;
moise radiated by equipment and small pipes attached to the pipe;

failure to install the acgustic insulation as it was designed.

hose for Class A.

of insulation

dered, per octave band. The overall A-weighted sound pressure/power level in decibels after insulation

The insertion

3 gives an example of the calculation of the overall noise reduction of a 200 mm pipe ifsulated with

b is assumed

from that in
to take this
lude, but are

s expected
e greater

© 1SO 2003 — Al rights reserved
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Table 3 — Example of calculation

Noise level in decibels

Octave-band-centre frequency, Hz Total
Parameter
125 250 500 1000 2000 4 000 8 000 A-weighted
Noise level from bare pipe
100

connected to control valve
Source correction for valve noise
(Table 2) 20 16 17 9 6 5 7
Estimate of o Ftave-band . 80 84 83 91 04 95 93
spectrum of noise from bare pipe
Insertion loss
Class A1 and|A2 (Table 1) -4 4 2 9 16 22 29
Oqtave—band Spectrum 84 88 81 82 78 73 64
of insulated p|pe
’;/;\i_;;l:,aelghted spectrum of insulated 68 79 78 82 79 74 63 86
Noise level reduction 14

5.6 Typic

Al noise reduction values

Typical noisg reduction values may be calculated for different types of sources and various types of insulation.

On the basid of the octave band spectra of Table 2 and usifng minimum insertion loss values of Table

, the

following apgroximate A-weighted noise level reductions in decibels are obtained with the various clasges of

insulation for| different types of source. The noise contral’engineer should make his own assessment bas

the actual data available.

ed on

Table 4 — Typical noise level reduction values for insulation of piping connected to different types of
noise sources

. Expected reduction of the overall A-weighted sound pressure/power Ipvel
Diameter
D dB@
Class
mm Centrifugal Centrifugal Control valves Reciprocatihg
pumps compressors compressofs
A1 and A2 D,.< 650 4 10 14 5
A3 D= 650 9 15 18 9
B1 D <300 5 11 16 5
B2 380<P~<656 6 4 18 6
B3 D > 650 10 18 22 10
C1 D <300 9 18 22 9
Cc2 300 < D <650 11 20 24 10
C3 D > 650 17 25 29 17
2  The shaded areas indicate that the particular type of insulation may not be (cost-)effective for that application or represents an
unusual application.

12

© 1SO 2003 — Al rights reserved


https://standardsiso.com/api/?name=c793c9f95e8f0c69f06ea115f19e652c

ISO 15665:2003(E)

6 Construction of typical acoustic insulation systems

6.1 General

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. The examples of materials given do not exclude the use of any other suitable materials; also
different intermediate layers may be used. Great care needs to be exercised in substituting materials because
many thermal standard insulating materials are not suitable for acoustic insulation, particularly rigid insulation
materials.

Anngx B shows the general construction of acoustic insulation. Annex C gives some examples of typical
consfruction details.

6.2 | Cladding

6.2.1] General

The ¢ladding, also known as jacketing, serves the following purposes.

— It is a barrier to the noise radiated by the pipe. The layer may e provided with an added|mass and/or
amping layer.

— It protects the porous layer from mechanical damage and, provides a weather protection fgr the porous
Ieyer and the pipe surface underneath. It shall therefore, have sufficient strength and durability.

In ordler for the cladding to be effective, especially for high insulation classes, acoustic leaks shall be avoided,
for example by means of adequate overlaps and sgaling. Openings shall be sealed with mastic| Precautions
shall |be taken that vibrations do not loosen the fasteners.

6.2.2| Materials for the outer layer

The fpllowing are examples of materials that are suitable for the outer layer or cladding:
— steel, galvanized or aluminized;

— gtainless steel;

—  luminium;

— Iead (this shauld be avoided if possible as it is toxic);

— plastic\or rubber.

y piping and
equipment.

6.2.3 Materials for an additional layer

An additional layer can provide extra mass to the cladding to increase the insertion loss of a specific thickness
of insulation. This can help where there is limited space available for acoustic insulation.

A damping layer may be applied to the cladding to provide mechanical damping (increasing the loss factor)
and hence lower noise radiation. Any damping layer shall be in direct contact with the cladding.

The damping layer will reduce the deteriorating effects of localized structural contacts between piping and
cladding.
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Examples of

bitumen-

materials include the following:

high mass-per-unit-area limp rubber or plastic sheets;

based free damping layers;

visco-elastic polymer damping compounds (sheets, spray-ons);
constrained layer (sandwich) thin steel or aluminium sheets;

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

6.2.4 Vibrg
Localized co
with flanges.
short circuit

The following

syntheti
non-flan

Where thess
compressed

6.3 Poroy
The porous |
itisare

it conve
resistivit

The porous |

In order to 4
mechanical |
porous layer

Low effective
between pip

-acoustic seals

htact between the cladding material and the (vibrating) pipe wall shall be avoidéd; for exa
see Figures C.1 and C.2).

materials are suitable for use in vibro-acoustic seals:

and natural rubber;

mable felt.

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

s layer
pyer serves the following purposes:
ilient vibration-isolating support for-the cladding;

rts acoustic and vibratory energy into heat and should therefore have an optimum a
y for the oscillatory flows which occur in sound fields.

byer is normally in the form of blankets or preformed pipe sections.
void transmission”of structure-borne sound to the cladding, a layer of porous material

stiffness less than 105/t N/m® should be selected, where ¢ (in metres) is the thickness ¢

stiffness may also be ensured by choosing a porous layer of smaller thickness than the dis
b surface and cladding, creating an air gap. In that case, spring supports should be chos

mple

For this purpose, a sealing material shall be applied to close the gap and to-prevent acqustic

of a

irflow

ith a

f the

ance
EN as

described in

b4

The following materials are suitable for use as porous layer:

mineral fibre (glass, rock, ceramic);

open-cell flexible plastic foam.

Fibres of insulation systems that are perpendicular to the pipe wall can increase the stiffness and thereby
reduce the acoustic performance of the system.

Materials with a rigid structure (e.g. PUF/PIR, cellular glass and calcium silicate) will not provide the acoustic
function, but may be required for other reasons. These layers should be used in addition to, not as a

replacement

14

for, the porous layer.
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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 may be necessary
to support the cladding separately.

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

Support rings (see Figure C.4) which carry the weight of vertical stretches of acoustic insulation shall contain

resili
wher
move

e possible. Resilient elements for support rings have both axial and lateral mechanical_s
ments of the insulation, in the event that the resilient element fails.

Wherle the operating temperatures prohibit the use of natural or synthetic rubber asjresilient m

mate

7

71

An e
contd
redug

rials should be used instead, for example steel springs in the form of a folded band or knitteg

Installation

General

ssential feature of acoustic insulation is that the cladding:shall not be in direct or indirect n
ct with the pipe. Any such contact would allow transmission of vibrations to the cladding,

greater surface area of the cladding.

Resil
defle

The
corro
wate

ent elements shall not be pre-stressed or pre-tensioned to the extent that their operatig
ctions is exceeded.

bipe on which the acoustic insulation is'to be mounted is not necessarily hot. Attention sh
Sion prevention by suitable coatings jand the prevention of both ingress of rainwater and co
vapour within and upon the insulation. Preventing condensation of vapour is particularly

iptance rings,

tops, to limit

aterial, other
metal.

etal-to-metal
which would

e or nullify the noise reduction of the insulation. It could even enhance the noise radiation b¢cause of the

nal range of

Il be paid to
densation of
important on

pipeq in “cold” services. All seams‘shall be carefully sealed to prevent leaks.
Altho
addit
gaps
struc

re are some
age through
r supporting

ugh materials used for.thermal insulation may also be suitable for acoustic insulation, the
onal application requirements. Special attention shall be paid to the prevention of noise lea
and to isolation~of-vibrations in order to prevent their transmission to the cladding d
ures.

NOTH
vary i

Figures’'C.1 to C.6 show the general principles required for acoustic insulation but the actual ipstallation may
h detail according to local circumstances.

7.2 | Extent of insulation

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.

7.3 End caps

At any place where the acoustic insulation has to be terminated, end caps shall be used, see Figures C.1 and
C.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).
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7.4 Acoustic enclosures

When the noise radiated from a valve body is to be reduced, the equipment shall be surrounded by an
acoustic enclosure. Flanges may also be surrounded by an acoustic enclosure or by removable insulation
covers. Acoustic enclosures shall be easily demountable to provide access to the flange or valve.

The acoustic enclosure should have an outer surface with a mass per unit area at least equal to that of the
cladding of adjacent pipes. The porous layer should be similar in material and thickness to that used on the
piping, and shall be fixed adequately to ensure acoustic performance when replaced after removal. Joints
should be sealed to prevent noise leakage. Examples are given in Figures C.7 to C.9.

Demountablg-partsofacousticenciosures-shatthave tiftingtugsif theirmassexceeds 25kg—————

Flexible joinfs (bellows) may also be surrounded by an acoustic enclosure or by removable(ifnsulption.
However, thg construction shall take into account the potential range of thermal expansions.

In some casegs, ventilation of the flexible joints is required because of possible emission of{hazardous gases
and/or heat tfansfer (a closed acoustic insulation may lead to the temperature limits of certain types of bdllows
being exceedled). Vented joints will often limit the maximal achievable sound insulation) Figure C.10 shgws a
practical soltion.

Where acoustic enclosures are installed around flanged joints, they shall be ©f sufficient length to overlgp the
ends of the pipe cladding. For non-vented enclosures, the overlap shouldat‘least be equal to the insujation
thickness, (see Figure C.7), and for vented joints at least 100 mm for ‘Class A, 200 mm for Classes B and
300 mm for Class C (see Figure C.10).

Acoustic blankets may be used that can be repeatedly re-installed.and consist of a porous layer and cladding.
Test reports ghould be obtained to verify that these blankets have sufficient insertion loss when installed.

7.5 Prevention of mechanical damage

Where acoustic insulation may be liable to mechanical damage, special provision shall be made to protgct it.
For example| where it may be stepped on, separately supported steps should be provided. Where mechanical
load cannot e avoided, the cladding should be ré-inforced by using stiffer plate and additional distance rings.

8 Combined thermal and acoustic insulation

8.1 General

Thermal reqliirements for insulation are beyond the scope of this International Standard. However, it should
be noted that thermal needs can be inconsistent with acoustical needs. Some pipes may need thermal
insulation buf no aceustical 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 acodstical
insulating properties.

8.2 Hot services
When insulation is required for thermal as well as for acoustic reasons, the same material may 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.
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Where cold insulation and acoustic insulation are required, the cold insulation system shall be applied first to
the pipe and the acoustic insulation shall be applied on top. To prevent condensation at the interface between
the two layers, a second vapour seal shall be applied outside the porous layer of the acoustic insulation. Care
should be taken to avoid damage when applying the cladding directly over the vapour seal; rivets or self-
tapping screws shall not be used.

9 Acoustic insulation constructions that meet the insulation class requirements

9.1 General

Thergare many forms of acoustic nsufation that ay be appliied. The acoustic performance ofjan insulation
consfruction can be tested to demonstrate conformance to a specific insulation class (see Clause|10).

The fonstructions summarized in Table 5 will provide, without verification, acoustic_insertion loss of the
appropriate class, provided that the acoustic insulation is installed correctly, with full-attention fo detail. The
related material requirements are discussed in the following subclauses.

Table 5 — Insulation constructions meeting classes of acoustic insulation

Clags Description Value
A min. thickness of porous layer 50 mm
max. stiffness of porous layer 2,0 % 108 N/m3
min. mass per unit area of metal cladding 4,5 kg/m? (e.g. 0,6 mm steel plate)
B min. thickness of porous layer 100 mm
max. stiffness of porous layer 106 N/m3
min. mass per unit area of metal cladding 6,0 kg/m? (e.g. 0,8 mm steel plate)
Ci min. thickness of porous layer 100 mm
max. stiffness of porous layer 108 N/m3
min. mass per unit area of metal eladding
for nominal pipe diameters\< 300 mm 7,8 kg/m? (e.g. 1,0 mm steel plate)
for nominal pipe diameters > 300 mm 10,0 kg/m? (e.g. 1,3 mm steel plate

NOTH 1 Where a highimass per unit area is required for the cladding, this may be composed of two layerls. An example
of an facceptable construction is to combine an outer layer of steel or aluminium and an inner layer of bariumn oxide/sulfate
loadefl vinyl film to.provide the additional mass.

NOTH 2 The performance of an acoustic insulation system is related to the wall thickness of the pipe. |The insulation
systems of Table 5 are based on standard pipe wall thickness, see also 10.3.3. Thinner pipe walls may agversely affect
the pgrfermance of the insulation system, but an increase in wall thickness will not influence the performancg significantly.

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: For acoustic purposes flanges and valves need not be insulated.

Classes B and C: Distance and support rings should be avoided if possible. Where used, they shall conform
to 6.4. All flanges and valves shall be insulated to the same class as the pipe (see 7.4), except where
insulation of these items is not allowed for safety reasons (e.g. in hydrogen service, see Figure C.10). Pipe
supports, when necessary, shall be insulated up to the concrete or steel base (see Figure C.5) or alternatively
to the vibration isolator.
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9.2 Materials

9.2.1 General

This subclause lists requirements for materials that are suitable for the acoustic insulation specified in
Clause 9. The requirements are additions to those presented in Clause 6.

9.2.2 Cladding

The minimum mass per unit area of the cladding shall be in accordance with Table 5, for the class of
insulation considered.

9.2.3 Poroys layer

The porous
elbows or te

should be cU

tapered and

ayer shall be in the form of blankets, preformed pipe sections or similar. Forfittings, su
bs, preformed sections of pipe insulation may be available. If not, then blocks 'ofyporous ma
t from either preformed pipe sections or flat material and fitted to the piperwall. These sh
cut to fit. Gaps between blocks shall be minimized.

th as
terial
Al be

Suitable matgrials for the porous layer are given in 6.3. The flow resistivity of th& porous layer shall be in the
range 25 000 Ns/m# to 75 000 Ns/m#4. This is normally obtained by materials with a density of 80 kg/m3 to
120 kg/m3.

9.2.4 Vibrg-acoustic seals

Vibro-acoust|c seals shall be applied at positions where metal‘to-metal contact would normally occur| (see

6.2.4, Anne¥ B and Figure C.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 pf porous insulation material, the outer edge shall be weatherproofed with a flexible npastic
compound.

9.3 Vibration isolation material at_pipe supports

Vibration isolation material shall be fitted at pipe supports where the piping rests in steelwork.

The aim of t
transmitted i

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

being

!

This materia
there is a mg

is not required where piping rests on the ground, or on a concrete structure or foundation, ejven if

tal plate'set into the structure where the pipe support makes contact.

The material|shalhbe suitable for the environment in which it will be installed.

10 Testing of acoustic insulation systems

10.1 General

This clause describes a method for the determination of the insertion loss of acoustic insulation systems on
pipes with a nominal diameter of 100 mm to 1 000 mm. The test method under laboratory conditions is
described in principle. For specific information about measuring equipment, test facilities, etc., relevant
standards should be consulted. The determination of insertion loss is basically a determination of difference in
sound power levels. The procedure described below is based on I1SO 3741 (precision methods for
reverberation rooms) and is basically in accordance with ASTM E1222 (see Bibliography).
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NOTE Engineering methods for the determination of sound power levels of small movable sources are described in
ISO 3743-1 and I1SO 3743-2. As these state restrictions to the maximum physical dimensions of the noise source, they are
less suitable for the purpose of the tests as described in this clause.

The insertion loss of the acoustic insulation 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 noise in the field).
For these reasons the results obtained under laboratory conditions can differ from those obtained in similar
situations in practice. The results are very useful for design purposes and for comparing different insulation
systems.

10.2 Meas ement-methoc :

syst pipe and the
level$ for noise radiating from the insulated pipe, with an adjustment for changes in sound abserption in the
test rpom due to the cladding system.

NOTH If the cladding is a sound-reflecting material, such as steel or aluminium, the sound abdorption in the
revereration room is virtually unchanged by addition of pipe insulation on the‘bare pipe. In that case a |corresponding
corregtion for changes in sound absorption is not required.

The fesults shall be obtained in one-third-octave bands from>100 Hz to 10 000 Hz, or octavqd bands from

125 Hz to 8 000 Hz. The accuracy in the lower frequenéy-range depends strongly on the| size of the
reverperation room.

10.3| Test facility

10.3. Test room

The equirements regarding the volume-of.the test room depend on the desired accuracy, the frequency range
of interest and the dimensions of the test'specimen.

The fest room 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 level, temperature and
humidity.

The minimum volume.afithe test room is specified in Table 3 of ISO 3741:1999. For reverberation rooms with
volumes less thamthe values shown in this table for the frequency range of interest, or wlth a volume
excegeding 300 m3 the adequacy of the room for broadband measurements shall be demonstraed using the
procedure of Annex D of ISO 3741:1999. The volume of the test specimen, including the acousticinsulation, is
prefefably not greater than 2 % of the volume of the reverberation room used for the test.

10.3.2 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 5). This is
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 E1222:1990 describes a procedure to quantify flanking transmission in order to
determine the maximum insertion loss that can be measured.

ISO 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.
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loudspeaker cabinet

flexible jdint, reduction of structure-borne noise transmission
microphone

elastic sqal

pipe with|insulation under test

D g~ WON -

anechoic|termination

Figlire 5 — Sketch of test configuration for measuring insertion loss of pipe insulation

The pipe is ferminated\by means of a closed anechoic termination, which shall be located outside ¢f the
reverberatior) rooms—Fhe termination shall have a reflection coefficient (power) of less than 10 % ip the
frequency rapge@as’defined in 10.5.

10.3.3 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 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 thickness 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
than that used during the test.
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10.3.4 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 microphone shall be used inside the pipe to control the consistency of the noise source before and after

insulation is applied to the pipe.

The sound source is attached flexibly to the test pipe wall in order to prevent transmission of structure-borne
sound to the pipe. There shall be an arrangement (e.g. a bend) between the source and the test section in

orderrte-exeite-the-higher-orderpipe-rmodes-sufficientty:
The ¢ghange in sound absorption in the reverberation room due to the cladding system may’b

using a reference sound source in the reverberation room (different from the source connected
which complies with ISO 354.

10.4| Test specimen

The acoustic insulation system shall be installed according to the manufacturer’s standard instruc|

b determined
to the pipe)

fions.

The iap at the penetrations of the (bare or insulated) pipe through théwalls of the reverberation foom shall be

resiligntly sealed in order to prevent that significant sound contributiens radiate from the walls.

10.5| Measurements

The following measurements shall be carried out sequentially.
a) Measurements without insulation:

+ excite the steel pipe with either breadband noise or sequential one-third-octave band ng
frequencies from 100 Hz to 10 kHz using the sound source connected to the pipe ou
room;

+— determine the average saund pressure level (Ly,) in the test room according to ISO 3741

+— determine the average’sound pressure level (L) using the reference sound source in t
with the sound source outside the test room turned-off.

b) Measurements with“insulation:
+— repeatthe excitation of the pipe;

+— determine the average sound pressure level transmitted by the test specimen including

ise at centre
side the test

he test room,

the cladding

system due to the external source (L);

— determine the average sound pressure level due to the reference sound source in the test room (L;).

It is essential 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;
— the location of the source in the test room;

— the microphone positions or microphone path.
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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

measuremen

ts (without and with insulation) may be altered if desired.

10.6 Results

In each frequ

ency band of interest, the insertion loss is calculated according to the formula:

—Lo- (Lbr - Lcr)

DW = Lb
where

Dy

Ly, L

Lpr, Ler
NOTE Ré

to the cladding

Octave-band

DW,oct T

where Dy; is

10.7 Inforn

The informat

this Internatipnal Standard.

norinal installation procedures;

is the insertion loss, in decibels;

are the average reverberant sound pressure levels from the bare (Lp) pipe and/the insulate
pipe, in decibels;

are the average reverberant sound pressure levels in the test room ffom the reference s
with the bare pipe (Lp,) and the insulated (L) pipe, in decibels.

system, see the Note in 10.2.

insertion loss data may be calculated from one-third-octave-band data as follows:

_10.9{ st

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

1, Dy 110
5'21:10 wi
=

nation to be reported

on listed below shall be compiled and reported for all measurements made in accordance

cimen under test:
Cription of the pipe and the acoustic insulation system (dimensions and materials);

Cial features' for installing the insulation in the reverberation room, especially if deviating

i (Lc)

burce

pgarding the term (Ly,, — L), which takes into account the changes in.sound absorption in the test roofn due

with

from

tion 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;

a) Test spe
— des
— spe
— locg
b)
— freq
22

uency range qualifications according to ISO 3741.
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description of test room, including dimensions, in metres, surface treatment of the walls, ceiling and

air temperature in degrees Celsius, relative humidity in percent, and barometric pressure in pascals;

served
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¢) 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 decipels;

-+ insertion 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;

+ the date and time when measurements were performed;
+ full details of person/organization that performed the test.
The feport shall state whether or not the reported sound power leyéls have been obtained in flll conformity
with the requirements of this International Standard. If not, thenyeach deviation shall be repdrted and the
possible consequences shall be evaluated.
If the| volume of the test pipe in relation to the volume of the,reverberation room causes the uncgrtainty of the

meagured values in specified frequency bands to exceed the values as given in Table 2 of ISQ 3741:1999,
this ghall be mentioned explicitly (see 10.3.1).

© 1SO 2003 — Al rights reserved 23
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Annex A
(informative)

Equations for the calculation of the minimum required insertion loss
Dy min Of the insulation classes

The required insertion Ioss of the insulation cIasses DWm,n for the octave centre frequenc:les from 125 Hz to

8 000 Hz can
Table A.1 — Calculation of minimum required insertion loss
Inkulation class Frequency band Required insertion1oss Dy in
Hz dB
Class A1 and|A2 125 < < 250 —4
250 << 8000 2219 f7fo — 57
Class A3 125 << 8000 19 1g fifo — 44
Class B1 125 < f< 500 20 Ig f/fo — 51
500 << 8 000 2719 f1fio — 70
Class B2 125 < f< 250 20 Ig f#fo — 51
250 << 8:000 3019 /7o — 75
Class B3 125 < f <2 000 3019 /7o — 70
2 000/<.f'< 8 000 2219 fIfo — 43,5
Class C1 125 < f'< 250 1319 f1fy — 32
250 << 2000 3919 f7fp — 94,5
2000 <f< 8000 13,519 f/fo — 10,5
Class C2 125 << 2000 3419 flfo—T78
2000 << 8000 13,519 f/fu — 10,5
Class C3 125 < f< 2000 27 1gf-55,5
2000 <f< 8000 13,519 f/fo — 10,5
Jo=1Hz
24
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Annex B
(informative)

General construction of acoustic insulation

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

pipe
porous layer
added mass or damping layer

A WO N -

¢ladding

NOTH Cladding may be fixed in position-with
— 1jivets,

elf-tapping screws, or

tainless-steel retaining bands.

PN

Figure B.1 — General construction of acoustic insulation

Figure B.2 — Overlap (such that ingress of rain water is prevented)

© 1SO 2003 — Al rights reserved 25
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The

Annex C
(informative)

Examples of typical construction details

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

mandatory.

A
®
<

o NOoO O WON -

26

pipe

end cap, may consist of two overlapping halves with overlap in the horizontal plane

vibro-acoustic seal [see Figure C.2 a)]

retaining banding

porous layer

overlap (longitudinal seams shall be located in the 4 to 5 o’clock position to prevent moisture intrusion)

cladding

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 C.1 — Typical arrangement of acoustic insulation showing cladding and end cap

© 1SO 2003 — Al rights reserved
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>

Key

1 pipe

2  3dhesive/sealing layer
3 ibro-acoustic seal

4  fetaining band

5 ghaped profile collar

Key

¢nd.cap

2  pastic seal

a) Vibro-acoustic-seal

© 1SO 2003 — Al rights reserved

b) End cap to cladding seal

Figure C.2 — End cap of pipe insulation
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Key

resilient gad

spring + $top
retaining ppand
cladding pupport ring
cladding

o a A WON -

air-gap (mpay be provided with porous layer)

b)

Figure C.3 — Typical arrangement for cladding supports
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ibration-isolating pad

pipe‘wall

cladding
vulcanized layer
support on strapping band (or welded)

Figure C.4 — Typical arrangement for vibration-isolated cladding and insulation supports

in vertical pipes

© 1SO 2003 — Al rights reserved
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