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INTRODUCTION

This test method is designed to measure the acoustical effectiveness of treatments that are intended

to reduce airborne noise on ships. Such treatments would be applied to compartment structural

partitions such as bulkheads, decks, and side shells. To fully characterize the acoustical performance

of a treatment, five parameters must be assessed: transmission loss, radiation efficiency, acceptance,

absorption, and damping. This test method focuses on the assessment of the first three of these

parameters. Tests discussed in this method are based on the Test Method E90 setup and procedure.

This test method is not intended to be a replacement of Test Method E90; conversely, this method

builds on the E90 method that is now well established. Similarly, this test method does not replace

absorption testing discussed in Test Method C423, nor damping testing discussed in Test Method

E756. The use of these standards is strongly encouraged to assess absorption and damping,

respectively, if these are the primary features of the noise control material.

1. Scope

1.1 This test method covers the laboratory measurement of

the acoustical effectiveness of treatments installed on ship

bulkheads, decks, and side shells. Measurements are focused

on assessing changes in transmission loss, radiation efficiency,

and acceptance that occur when treatments are applied. Mea-

surements of changes to absorption and damping are addressed

in Appendix X1 and Appendix X2, respectively.

1.2 The values stated in SI units are to be regarded as

standard. No other units of measurement are included in this

standard.

1.3 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro-

priate safety, health, and environmental practices and deter-

mine the applicability of regulatory limitations prior to use.

1.4 Any material that is to be installed on a marine division

must meet appropriate fire, combustibility, and other applicable

SOLAS, USCG, IMO, Navy, or other required non-acoustical

standards and specifications. See Appendix X3 for additional

information.

1.5 This international standard was developed in accor-

dance with internationally recognized principles on standard-

ization established in the Decision on Principles for the

Development of International Standards, Guides and Recom-

mendations issued by the World Trade Organization Technical

Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:2

C423 Test Method for Sound Absorption and Sound Absorp-

tion Coefficients by the Reverberation Room Method

C634 Terminology Relating to Building and Environmental

Acoustics

E90 Test Method for Laboratory Measurement of Airborne

Sound Transmission Loss of Building Partitions and

Elements

E756 Test Method for Measuring Vibration-Damping Prop-

erties of Materials

2.2 ANSI Standards:3

ANSI S1.4-1983 (R2006) Specification for Sound Level

Meters
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ANSI S1.6-1984 (R2011) Preferred Frequencies, Frequency

Levels, and Band Number for Acoustical Measurements

ANSI S1.8-1989 (R2011) ,Reference Quantities for Acous-

tical Levels

ANSI S1.11-2004 (R2009) Specification for Octave-Band

and Fractional-Octave-Band Analog and Digital Filters

ANSI S1.43-1997 (R2007) Specifications for Integrating-

Averaging Sound Level Meters

2.3 ISO Stadnard:4

ISO 16063-1:1998 , Methods for the Calibration of Vibration

and Shock Transducers

3. Terminology

3.1 Definitions—Terms used in this standard are defined

either in Terminology C634 or within this standard. The

definition of terms explicitly given within this standard take

precedence over definitions given in Terminology C634. The

definitions within Terminology C634 and this standard take

precedence over any other definitions of defined terms found in

any other documents, including other documents that may be

referenced in this standard.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 acceptance, n—a measure of the vibration velocity

level induced in a structure that is exposed to a diffuse sound

field composed of one or more frequencies (see Eq 6).

3.2.2 acoustical effectiveness, n—a measure of the change in

a particular acoustical parameter that is created by the addition

of a material to the base structure.

3.2.3 radiation effıciency, n—a measure relating the sound

pressure level in a diffuse sound field that is produced by a

vibrating structural surface, referenced to a specified vibration

velocity level, when that surface is moving in an oscillatory

motion at one or more frequencies (see Eq 8).

3.2.4 test or ‘base’ structure, n—The structure representing

a bulkhead, deck, or shell of a ship.

3.2.4.1 Discussion—The base structure is typically con-

structed with steel or aluminum stiffened plating, though other

construction types are possible. This is the structure to which

treatments are applied.

3.3 Symbols:

A = room constant, m2

S = area of partition (structure under test), m2

a = acceleration, m/s2

c = speed of sound in air, m/s
dB = decibels
f = frequency, Hz
p = pressure, Pa
v = velocity, m/s
La = vibration acceleration level, dB re: 10 µm/s2

Lp = sound pressure level, dB re: 20 µPa. Lv – velocity

level, dB re: 10 nm/s (that is, 10-8 m/s)
LΛ = acceptance in decibels referenced to 20 µPa/10 nm/s
Lσ = radiation efficiency in decibels

TL = transmission loss in decibels
∆X = change in the quantity “X” between treated and

non-treated test cases
α = sound absorption coefficient
η = loss factor, (no dimensions)
ρ = density, kg/m3

3.4 All levels expressed in decibels have a reference quan-

tity. A level expressed in decibels is 10 times the common

logarithm of the ratio of a squared quantity divided by a

squared reference quantity. For example, the reference quantity

for sound pressure level is 20 micropascals. The abbreviated

level is written as dB re: 20 µPa

4. Summary of Test Method

4.1 The effectiveness of a given treatment is determined by

comparing the acoustical properties of a given structure with

and without the treatment applied. Measurements are first

performed on a ‘baseline’ test structure (that is, without the

treatment in place). The treatment is then added to the structure

and tests are repeated. The differences in acoustical parameters

between the treated and non-treated structures determine the

acoustical effectiveness of the treatment.

4.2 The general test setup discussed in Test Method E90

shall be used. Two adjacent reverberation rooms are arranged

with an opening between them in which a test partition is

installed.

4.3 Transmission loss, acceptance, and radiation efficiency

(as well as absorption and damping) are all functions of

frequency, and measurements are made in a series of frequency

bands.

4.4 For measurement of transmission loss, Test Method E90

shall be used to test both the treated and non-treated structures.

Fig. 1 presents a schematic diagram of the test setup, for

reference purposes.

4.5 For the measurement of acceptance, the same test setup

discussed in Test Method E90 is used with accelerometers

attached to the test structure. An approximately diffuse sound

field is produced in the source room; the space- and time-

averaged sound pressure levels are measured in this room. The

vibration levels of the test structure are simultaneously mea-

sured to produce a space- and time-averaged vibration level of

the structure (see Fig. 2). These quantities (sound pressure

level and test structure vibration level) are combined to

determine the acceptance for the test structure, as shown in

Section 13.

4.6 For the measurement of radiation efficiency, the same

test setup discussed in Test Method E90 is used. Accelerom-

eters are located on the test structure along with an electro-

mechanical vibration exciter. The vibration exciter drives the

structure, which then radiates sound into the receiver room.

The sound field produced in this room is considered to be

diffuse. The room’s space- and time-averaged sound pressure

levels are measured, as well as the structure’s space- and

time-averaged vibration level (see Fig. 3). These quantities,

along with the sound absorption in the receiving room and the

area of the specimen, are combined to determine the radiation

efficiency for the test structure, as shown in Section 13.

4 Available from International Organization for Standardization (ISO), 1, ch. de

la Voie-Creuse, CP 56, CH-1211 Geneva 20, Switzerland, http://www.iso.org.
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4.7 Room absorption measurements are necessary to calcu-

late transmission loss and radiation efficiency. The change in

room absorption between the treated and non-treated tests will

be directly related to any absorption provided by the treatment.

While treatment absorption measurements are formally cov-

ered by Test Method C423 it is convenient to use the measured

room absorption from transmission loss and radiation effi-

ciency tests to determine the effect of the treatment on

absorption. This is discussed in more detail in Appendix X1.

These measurements shall not replace measurements described

in Test Method C423 as the results would be different.

However, they can provide a useful and convenient indication

of the absorption of a treatment, which may have sufficient

accuracy for engineering applications (see Appendix X1).

4.8 The effect of a treatment on the structure’s total damping

loss factor requires a different test setup than that described in

Test Method E90. If the treatment is expected to provide noise

reduction via changes to the structure’s damping, an assess-

ment of the treatment’s damping characteristics should be

made using Test Method E756.

5. Significance and Use

5.1 To fully understand the effects of a given treatment, five

acoustical factors (transmission loss, acceptance, radiation

efficiency, absorption, and damping) must be characterized.

For example, only knowing the effect of a given treatment on

transmission loss will not allow the acoustical designer or

engineer to assess its impacts on propagation of vibration

(among other effects), which is an important path to consider

for large machinery items and propeller excitation.

5.2 It is necessary to have a common definition of acoustical

performance and test procedure to determine all five acoustical

factors for ship’s treatments so that the performance of

different treatment types, as well as the same treatment type

from different manufacturers, can be compared.

5.3 In some cases, particularly for damping treatments, the

effect of the treatment will be dependent on the non-treated

structure’s material and geometry and other non-acoustic

factors such as environmental conditions (that is, temperature).

To fully characterize a treatment it may be necessary to test a

This image is for illustrative purposes only.

FIG. 1 Illustration showing the conceptual setup for transmission loss testing (based on Test Method E90)

This image is for illustrative purposes only.

FIG. 2 Illustration Showing the Conceptual Setup for Acceptance Testing (Note the Similarities to Fig. 1)
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range of base constructions. For reasons of practicality,

convenience, or economy, it may be sufficient to test only one

to three constructions to achieve an understanding of the

material performance in a range of practical situations. Addi-

tional discussion is provided in Annex A1.

6. Test Apparatus

6.1 The room requirements of Test Method E90 shall be

used for the testing of transmission loss, acceptance, and

radiation efficiency. Special attention may be needed when

testing the treated structure to meet the signal-to-noise ratio per

Test Method E90.

6.2 Where the test structure is smaller than the opening

between the source and receiver rooms, a filler wall shall be

constructed as described in Test Method E90. Meeting the

transmission loss requirements for this filler wall shall consti-

tute meeting related requirements for acceptance and radiation

efficiency.

6.3 The structure shall be constructed to be representative of

actual bulkhead, deck, or shell structure to which the treatment

will be applied. Often, a single treatment can be applied to

many different structures and construction types; therefore, not

all constructions can be practically tested. In such cases it is

recommended that one to three ‘reference’ bulkheads be tested,

as discussed in Annex A1, to establish a baseline material

performance to which other materials can be readily compared.

If treatment effectiveness is expected to change significantly

with different bulkhead constructions then additional construc-

tions shall be tested to better define the performance of the

material.

6.4 Treatments shall be applied to the test structure as they

would be in an actual ship installation. This includes the use of

special mounting hardware or edge treatments, as applicable.

6.5 Aging of Specimens—Treatments that incorporate mate-

rials for which there is a curing process shall age for a sufficient

interval before testing, as recommended by the manufacturer.

In these cases, it may be convenient and practical to use

separate test structures of identical construction to test the

treated and non-treated conditions.

7. Test Signal Sources

7.1 Signal Spectrum—The sound and vibration signals used

for these tests shall be random noise having a continuous

spectrum within each test frequency band.

7.2 Sound Sources—Sound is generated in the rooms using

loudspeaker systems. The requirements for sound sources

defined in Test Method E90 shall be followed.

7.3 Vibration Sources—An electro-mechanical vibration ex-

citer capable of producing vibration in the test frequency band

shall be used. Note that multiple vibration exciters may be

necessary to cover the entire test frequency range (see 11.2).

Signals can be produced over the entire test frequency range or

broken up into multiple frequency ranges as needed to meet the

test requirements of this test method.

7.3.1 The vibration exciter must provide enough power to

sufficiently excite the test structure to (a) generate noise levels

in the receiver room that are at least 10 dB above background

noise levels and (b) generate vibration levels that are at least 10

dB above the background vibration levels of the test structure.

7.3.2 Attach or mount the vibration exciter to a stiffener

located away from the edge of the test structure. The closest

distance between the vibration exciter and the edge of the

structure shall be no smaller than the distance between stiff-

eners. A location near the middle of the stiffener is preferable

for most test structures.

7.3.3 If the ‘unstiffened’ side of the structure is excited, the

vibration exciter should be mounted as close as possible to the

location of a stiffener instead of between stiffeners.

7.3.4 Excitation should be oriented normal to the plating.

The vibration exciter location must be the same for tests of

treated and non-treated structures.

7.3.5 When treatments are applied to only one side, the

vibration exciter shall be attached to the non-treated side.

When treatments are applied to both sides, the vibration exciter

shall be attached directly to the base structure. Minimal

This image is for illustrative purposes only.

FIG. 3 Illustration Showing the Conceptual Setup for Acceptance Testing (Note the Similarities to Fig. 1)
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