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Purpose of White Paper

The ACT Acoustics Work Group (see Appendix I) developed this white paper to provide a common
language for the contract textile industry for use with acoustic testing and the related acoustic
textile applications. The size, shape and surfaces of a space as well as the characteristics of the
architecture and its construction are key factors impacting acoustics. When used as a tool to
create acoustic comfort, textiles by their nature can absorb sound, diffuse sound or allow sound
to pass through them. Each end use and space will have different goals that need to be met
both aesthetically and acoustically. The needs of an office are very different from the needs of

a restaurant or a hospital. When considering the acoustic properties of a textile, it is important
not to lose sight of other performance criteria such as durability, cleanability and fire safety.

For further information regarding the ACT Voluntary Performance Guidelines, please visit:
www.contracttextiles.org
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Commonsense Basics of the Physics of Sound

Acoustics is the science of sound and how it behaves in a space and affects people. Sound is

a wave consisting of high- and low-pressure variations of air molecules that travel to the ear
causing the ear drum to vibrate. Sound frequency is the number of waves measured in cycles per
second: the more cycles per second, the higher the pitch. Decibels are a measurement of the
amplitude of the wave: the higher the wave, the louder the sound (also referred to as volume).
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The sound envelope defines how sound intensity changes over time and is impacted by an
architectural space.

There are four stages to a sound envelope:
1. Attack: the initial release of the sound
2. Decay: the reduction of the sound volume after the attack has peaked
3. Sustain: the time it takes for the sound to fade
4. Release: the point at which the sound completely fades away
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Figure 2: The Sound Envelope

When sound waves have an unimpeded pathway from their source to the listening location,
they are considered direct sound. When sound interacts with objects in a space, it does so
in different ways: reflection, absorption, and transmission. Reflection is sound bouncing off a
surface. Absorption is sound captured within an object. Transmission is sound broadcast
through an object.

Reverberation is the persistence of multiple reflections of sound in a space after a sound source
has stopped. Transparency/neutrality is unimpeded passing of sound through an object.

The size, shape, temperature and humidity of the room will impact sound. Balancing the choice
and placement of surfaces and objects (hard and soft) in a space can create comfortable acoustics.
Textiles can help solve acoustic issues by the way they interact with sound when used as a
component of panels, drapery, etc. Textiles can be reflective, absorbent, or transparent/neutral.
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Acoustic Testing for Textiles

Acoustic testing is the science of measuring sound and is used to determine reflectance,
absorbency, or transparency/neutrality of textiles. Reflectance is the characteristic of a
textile to rebound, repel, or bounce the sound energy off its surface. Absorbency is the
characteristic of a textile to capture sound energy. Transparency/neutrality is the characteristic
of the textile to allow sound to pass through it.

Reflectance Absorbency Transparency/Neutrality

Sound

Textile

Figure 3: Acoustic Properties of Textiles

There are three ways to conduct acoustic testing:
1. In the lab — individual components of the product assembly
2. In the lab — complete product assembly
3. In the field — product assembly installed in the space

The purpose of testing a textile as an individual component is to determine its reflectance,
absorbency, or transparency/neutrality. Results are reported as a Sound Absorption Average
(SAA) and a Noise Reduction Coefficient (NRC). Note that testing the fabric by itself is used
as a guide and does not represent or predict the outcome in a space.

The purpose of testing complete product assemblies is also to determine their SAA and their NRC.
Testing in the field is conducted by an acoustician who utilizes the SAA and NRC ratings of the

installed product assemblies and the building elements to determine what adjustments are
needed to meet the acoustical goals for the space.
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Figure 4: Example of Test Report

SAA ratings are established by averaging the absorption coefficients at 12 frequencies that
cover the range of human hearing from 200 to 2500 hertz (Hz). NRC ratings are established by
averaging the sound absorption at four different frequencies that cover the range of the human
voice: 250 Hz, 500 Hz, 1,000 Hz, 2,000 Hz. An SAA or an NRC of 1.0 means complete absorption,
and 0.0 is complete reflection (i.e., no absorption). Additional frequency ranges (< 200 and >
2500 Hz), which may be of particular interest to an acoustician, are typically included by testing
companies. Appendix Il provides examples of test reports.

March 2021
Copyright 2021 Association for Contract Textiles Page 6



association
for contract
textiles

Textile Acoustics:
Considerations, Resources & Glossary

Test Methods

Following are three commonly used types of tests for the evaluation of a textile’s acoustic
performance. 1) Impedance tube testing of individual components using either an ASTM or ISO
protocol. 2) Reverberation room testing of the complete product assembly using either an

ASTM or ISO protocol. 3) Field testing of the installed product assembly using an ASTM protocol.
ACT does not recommend one type of test or test protocol over another.

Impedance Tube Testing: ASTM E1050 or ISO 10534-2

In a tube fitted with a speaker at one end, and a set of microphones mounted at key points
on the tube, the fabric is mounted at the other end either alone or over a standardized sound-
absorbing substrate.

Micl Mic2

Reflected Sound Wave

Test Sound Wave H

Sound Source + +
Test Sample Sample Holder

Figure 5: Impedance Tube

Sound frequencies in a predetermined range are broadcast from the speaker directly toward
the fabric. This basic acoustic property test provides an accurate measure of a fabric’s sound
reflectance, absorbency, or transparency/neutrality. Impedance tube testing results are typically
reported as SAA and NRC ratings. An SAA or an NRC of 1.0 means complete absorption, and
0.0 is complete reflection (i.e., no absorption).

Note that ASTM E1050 states in section 5.1: “The measurements described in this test method
are useful in basic research and product development of sound absorptive material.”
https://www.astm.org/Standards/E1050.htm

Composite testing of a transparent/neutral fabric and a sound-absorbing substrate is done in two
steps. First, the substrate is tested alone in the chamber to determine its SAA and NRC results.
Next, the substrate is retested with the fabric placed on top of it. The second SAA and NRC results are
evaluated against the first to determine the transparency/neutrality of the fabric. The goal is for the
textile to be as transparent/neutral as possible so that there is minimal interference with the substrate’s
performance. The textile should not change the substrate’s SAA or NRC by more than 0.25.

A sound transparent/neutral textile may be used to cover a panel or speaker and provide a
visual aesthetic.

Testing fabric alone could be used to determine its acoustic properties and may determine if its
SAA and NRC results make it suitable for use as a sound absorbing material on its own.
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Reverberation Room Testing: ASTM C423 or ISO 354

These laboratory test methods cover the measurement of the sound absorptive properties of
a product in a reverberation room.

' Acoustic Reflectors

Microphone

Sound
Source

Figure 6: Reverberation Room

A reverberation room is designed with at least one speaker for controlled release of random
sound and at least one microphone for the measurement of sound decay. Testing is done by
generating a high level of broadband noise into the room, turning it off, and measuring the
time it takes for the sound level to drop 25 decibels.

There are two parts to this test. First, the sound absorption of the reverberation room, without
a product assembly installed, is determined. Second, the test is conducted with the product
assembly installed in the room.

The absorption coefficients are determined by comparing the “Empty Room” absorption to
the “Full Room” absorption. This comparison of the absorptions provides the measurement
of the SAA and the NRC of the sample. The sound absorption test is applicable to many types
of products, including wall panels, ceiling panels, office screens, draperies, sound baffles,
bass traps, catenary panels, theater seating, and furniture.

Reverberation room absorption results above 1.0 (full absorption) are caused by the diffraction
effects of the sound waves along the edge of the product assembly being tested. Measuring
equipment can pick up this sound distortion (diffraction) and give a reading that may not relate
to a product’s performance.
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For drapery, the test can be conducted flat or at 100% fullness and may be reported as such.

Wall Wall

> >

Sound Source Sound Source

Drapery Flat Drapery 100% Fullness

Figure 7: Reverberation Room Drapery Test Mounting

Field Testing: ASTM E2235

This test method, which is conducted by an acoustician, measures the sound decay rate and
calculates the sound absorption of an actual room or space and its contents. The test takes into
account all installed materials and objects in combination with the building elements to determine
what adjustments are needed to meet the acoustical goals for the space. Field testing may
determine a space has too little reverb (dead) or has appropriate reverb (live) or too much echo
or flutter.
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Acoustic Challenges

Anticipating how a room/space will be used determines what acoustic challenges need to be
addressed. Designing a space with balanced acoustics can be achieved by specifying a mix of
hard and soft surface areas (e.g., furniture, windows, walls, panels, ceilings, cloud and baffle
systems, space dividers). Products designed and specified for their acoustic properties often
use textiles as a component. The textile interacts with sound by being reflective, absorbent, or
transparent/neutral and becomes an important factor in acoustic performance. A combination
of surfaces may be the best way to achieve acoustic goals.

The most common acoustic challenges that interior designers are asked to address include
speech privacy, sound privacy, speech intelligibility, and sound transmission. NRC ratings are the
most useful tool when it comes to addressing acoustic problems that involve issues pertaining
to the human voice.

Speech privacy is desired where confidential conversations can take place without others overhearing.

Sound privacy needs be considered for a space where focused work occurs and background
noise makes it difficult to concentrate. The three most distracting sounds in a space are created
by unwanted speech, music, and electronic devices.

Speech intelligibility is fundamental for verbal communication and is desirable in a space so
that individuals in a group conversation or someone making a presentation can be clearly heard
and understood. Examples of speech intelligibility issues include the cocktail party effect/the
Lombard effect, flutter, and echo.

Sound transmission refers to noise that travels from one room to the next or from the exterior to
the interior. Examples of this are impact sound, street noise and loud conversation. This can

be difficult to resolve post construction. It is best achieved through architectural design, building
construction, and building materials such as concrete masonry, sheet rock, windows and doors
that have been tested to determine their sound transmission coefficients. Architectural building
materials do not typically include the use of textiles. Possible post construction interior design sound
transmission solutions may include sound-absorbent panels, drapery, ceiling systems and carpet.
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The Roles of Acoustician and Acoustic Product Manufacturer

An acoustician is a professional consultant who has studied the science of acoustics and usually
holds an engineering or physics degree. Acousticians who specialize in architecture are specifically
trained to analyze a space and provide expert guidance to avert or resolve sound issues.

Manufacturers of acoustical products may also have experts who can offer valuable guidance
specific to their product offerings.

Project teams engage acoustical experts to conduct site analyses, take field measurements,
perform calculations and implement strategies. These experts may also be needed to document
targets that meet LEED, WELL, LBC and other certification requirements related to acoustics.

Conclusion

Acoustics and aesthetics impact mood, productivity and wellbeing. Designing a successful space
for its occupants includes comfortable acoustics and pleasing aesthetics—both of which can be
achieved through the versatility of textiles. Understanding the science of sound and how textiles
work in harmony with acoustic products and applications will help designers, textile companies
and acoustic product manufacturers collaborate more effectively.
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Resources & Recommended Reading

Acoustical Society of America
www.acousticalsociety.org

Acoustics.com
www.acoustics.com

General Services Administration
www.gsa.gov/cdnstatic/GSA_Sound_Matters %28Dec_2011%29 508.pdf

Interiors+Sources
www.interiorsandsources.com/article-details/articleid/21764/title/acoustics-101-for-architecture-interiors

LEED
www.build.usgbc.org/leed-v41

Wallace Clement Sabine
www.aps.org/publications/apsnews/201101/physicshistory.cfm

WELL Building Standard
www.standard.wellcertified.com/comfort
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Testing Companies & Consultants

ETS-Lindgren

1301 Arrow Point Drive

Cedar Park, TX 78613

Phone: 512.531.6400

Email: acousticlab@ets-lindgren.com
www.ets-lindgren.com

Intertek York — Building Products & Building Sciences

130 Derry Court

York, PA 17406-8405

Phone: 717.764.7700

Email: https://www.intertek.com/contact/inquiry/?route=1210&prompt=5251&id=1296&country=us&
www.intertek.com

Mueller-BBM GmbH

Robert-Koch Strasse 11

82152 Planegg, Germany

Phone: (+49) (89) 85602-0
Email: Michael.Wahl@mbbm.com
https://www.muellerbbm.com

NGC Testing Services

1650 Military Road

Buffalo, NY 14217

Phone: 716.873.9750

Email: email@ngctestingservices.com
www.ngctestingservices.com

NOAL North Orbit Acoustic Laboratories
PO. Box 6948

Minneapolis, MN 55406

Phone: 612.355.1277

Email: info@northorbit.com
www.nhorthorbit.com

Riverbank Acoustical Laboratories

1512 South Batavia Avenue

Geneva, IL 60134

Phone: 630.232.0104

Email: Use contact form on website
www.alionscience.com/riverbank-acoustical-laboratories

SGS - North America, Inc.

John Ciliege, Consumer and Retail, Global Head of NRTL
620 Old Peachtree Road, Ste. 100

Suwanee, GA 30024

Phone: 770.570.1800

Email: john.ciliege@sgs.com

WWW.SESEroup.us.com
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Glossary

ABCs of Noise Control: Absorb, Block, and Cover.

Absorbers: Acoustical products made from materials such as foam (e.g., polyurethane or
melamine) or fiberglass (e.g., high-density board or low-density batt) that prevent sound from

reflecting off room surfaces and returning to the listener.

Absorption: The process by which a resistant material converts sound energy into another form,
usually heat or motion, thereby reducing the amount of sound energy that can be reflected.

Absorption Coefficient: A measurement based upon the SAA and NRC frequencies of a sound
wave and the amount of sound energy absorbed by a material. An absorption coefficient of
1.0 = total absorption, 0.0 = total reflection.

Acoustical: Properties of materials that either reflect or absorb sound.

Acoustical Tile: A porous architectural material (e.g., fiberglass or pressed board) that is often
installed on ceilings and is most absorptive at high frequencies.

Acoustically Transparent/Neutral: The property of textiles or other materials that allows sound
to pass through them.

Acoustician: A professional consultant, usually with an engineering degree, who provides advice
on acoustical requirements and noise control in a variety of situations.

Acoustics: A branch of physics that studies sound and its effects on humans.

Ambient Noise: All sounds from many sources within a given environment (e.g., HVAC or other
appliances) as well as sounds from outside the space. Also known as Background Noise.

Anechoic: The property of an acoustical space to be without echo/reverberation.

Attack: The first of four stages of the sound envelope. The stage at which the initial release of
sound occurs. See figure 2.

Background Noise: All sounds from many sources within a given environment (e.g., HVAC or
other appliances) as well as sounds from outside the space. Also known as Ambient Noise.

Baffle: An acoustical unit that absorbs sound, is free-hanging, and is usually suspended vertically.
Baffles installed in patterns reduce reverberation and noise levels.

Barriers: Architectural products that prevent noise transmission from one space to another.

March 2021
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Glossary (Continued)

Boominess: Excessive low-frequency bass sound energy.

Break: An intentional gap created within a construction or assembly to impede sound transmission.
Bright: Excessive upper-frequency treble sound energy.

Ceiling Cloud: An acoustical unit that absorbs sound, is free-hanging, and is suspended
horizontally. Used to reduce reverberation and noise levels.

Cocktail Party Effect: Conversation noise that reaches high levels as people compete to be heard,
making speech perception difficult or impossible. See Lombard Effect and Speech Intelligibility.

Cycle: One complete oscillation of air pressure in a sound wave from high to low and back to
high. See Sound Wave.

Cycles Per Second: The number of oscillations, measured in Hertz (Hz), that occur in one
second. Low frequency/pitch sounds have fewer oscillations per second. See Frequency.

Dead: Complete absence of reverberation in a space.

Decay: The second of four stages of the sound envelope. The length of time taken for sound
intensity to drop in amplitude/volume to a specified level from its peak. See figure 2.

Decibel (dB): The scientific measurement of loudness. Examples of decibel levels include whisper
(25 dB), typical conversation (60 dB), live rock band (110 dB), jet engine at 100 feet (140 dB).

Diffraction: The process by which a sound wave bends or spreads out through a small opening,
across an edge, or around an object.

Direct Sound: an unimpeded pathway of sound waves from their source to the listening location.
Echo: The distinct reflection or repetition of a sound that is clearly perceived by the listener.
Note: the term is often used incorrectly to refer to reverberation which consists of indistinguishable
sound reflections.

Flutter: A repetitive echo caused by parallel reflecting surfaces.

Frequency: Cycles per second of a sound wave. Acoustical frequency is usually expressed in
units of Hertz (Hz) and determines pitch. The more cycles per second, the higher the pitch.

See Cycle, Hertz and Pitch. See figure 1.

Hertz (Hz): Unit for measuring sound frequency, expressed in cycles per second. One cycle per
second equals one (Hz). See Cycle and Frequency.
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Glossary (Continued)

Impact Sound: Noise resulting from vibrations (e.g., footsteps, hammers, drilling, dropped
objects) that transfer through the building structure into a room.

Live: A space with optimum reverberation time because of its numerous reflective surfaces.

Lombard Effect/Reflex: The involuntary tendency to increase vocal effort when speaking in loud
noise. See Cocktail Party Effect and Speech Intelligibility.

Loudness: A subjective human perception of sound intensity, which is scientifically measured
in decibels (dB).

Neutral: The property of a textile that allows most sound to pass through unimpeded.
Also known as Transparent.

Noise: Any undesired sound.

Noise Reduction (NR): Measurement in decibels (dB) of the sound level lowered by the use of
acoustic materials.

Noise Reduction Coefficient (NRC): average of four octaves (250 Hz, 500 Hz, 1000 Hz and
2000 Hz) in the range of the human voice as detailed in the test protocol for ASTM C-423.
This single-number average is used to rate a product’s potential impact on speech intelligibility.

Pitch: Sound perceived in terms of high or low, which is scientifically measured in frequency or
hertz (hz). the higher the frequency, the higher the pitch. See Frequency and Hertz.

Reflected Sound/Reflection: Sound arriving indirectly at the listening location after bouncing
off one or more of the surrounding surfaces. Hard non-porous surfaces reflect more sound than
soft, porous surfaces.

Release: The fourth and final stage of the sound envelope. The point at which the sound has
completely faded. See figure 2.

Reverberation: The persistence of reflected sound in a space after the sound source has stopped.
Reverberation Room: A test chamber in which the sound intensity is approximately equal in all
directions and at every point. Used in ASTM C-423 and ISO 354 protocols to measure sound

absorption of acoustic products. See figure 6.

Reverberation Time: The time, in seconds, required for sound at a specific frequency to decay
60 decibels (dB) after the sound source/sound attack has stopped.
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Glossary (Continued)

Sabine: Clement Wallace Clement Sabine (June 13, 1868 — January 10, 1919) was an
American physicist who founded the field of architectural acoustics. See Resources List.

Sound: Energy transmitted by pressure waves (through air, water, or solids) that vibrate the
eardrum, causing the sensation of hearing.

Sound Absorption: The acoustical process of sound energy being captured rather than reflected.

Sound Absorption Average (SAA): The single-number average of the absorption coefficient
across 12 frequencies. See figure 4.

Sound Envelope: Encompasses the four stages of sound intensity as it changes over time and is
impacted by an architectural space.

1. Attack: The initial release of the sound

2. Decay: The reduction of the sound volume after the attack has peaked

3. Sustain: The time it takes for the sound to fade

4. Release: When the sound completely fades away.
See figure 2.

Sound Transmission: The conduction of sound waves through a door, wall, ceiling, floor, or any
physical structure.

Sound Wave: A cycle of high- and low-pressure variations of air molecules that travel to the ear
causing the ear drum to vibrate.

Speech Intelligibility: The perception of sound clarity and ease of understanding speech within
a space. See Cocktail Party Effect and Lombard Effect/Reflex.

Speech Privacy: The ability to have a confidential conversation without others overhearing.

Substrate: The underlying sound-absorbing acoustic material to which a textile is applied.
Sometimes referred to as core or infill.

Sustain: The third of four stages of the sound envelope. The time it takes for the sound to fade.
See figure 2.

Threshold of Hearing: The minimum sound level that can be perceived by a person with
good hearing.

Transparent: The property of a textile that allows most sound to pass through unimpeded.
Also known as neutral.

March 2021
Copyright 2021 Association for Contract Textiles Page 17



association
for contract
textiles

Appendix |

ACT Acoustics Work Group
Francesca Robledo, Arc-Com, Co-chair
Luise Stromberg, un-Ravel, Co-chair

Participants

Adam Debus, Maharam
Adity Phadnis, Designtex
Alan Dean, Duvaltex

Anna King, Maharam
Barbara LaGois, Maharam
Bill Rankin, Novawall
Brendan Moyna, Ultrafabrics
Caroline Olivier, Knoll

Chad Whittington

Chris Wulforst, Milliken

Dan Bobroff, Ultrafabrics
Deirdre Hoguet, Designtex
Gail Sorkow, Knoll

Jayne Mielo, P/K Contract
Kathryn Gluibizzi, Ultrafabrics
Kayla Frusciante, Ultrafabrics
Kelly Benke, Ultrafabrics
Kimberly McWade

Lynne Willis, Guilford of Maine
Margaret Blum

Mark Denecour, P/K Contract
MaryPaul Yates, Yates Design
Mayka Bautista, Spradling
Mitzi Mills, Anzea

Paola Rocco, Ultrafabrics
Paul Diaz, Ultrafabrics

Randy Kohlman, Milliken
Sarah Tofan, Anzea

Scott Manley

Timothy O’Keefe, Spradling
Trevor Trapp, Vartest

Tyler Boehme, Kvadrat

Copyright 2021 Association for Contract Textiles

Textile Acoustics:
Considerations, Resources & Glossary

March 2021
Page 18



Textile Acoustics:
Considerations, Resources & Glossary

association
for contract
textiles
Appendix Il
Examples of Test Reports 19
ASTM C423 - Wall System - Acoustical Test 20
ASTM C423 - Textile Pattern ABC over Acoustic Substrate - Sound Absorption Test 34
ASTM C423 - Textile Pattern XYZ over Acoustic Substrate - Sound Absorption Test 38
ASTM C423 - Drapery - Textile Pattern Velvet - Sound Absorption Test 42
ISO 354 - Drapery - Textile Pattern ABC - Sound Absorption Test 51

All test reports used with permission.
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Architectural Testing

G2866.01-113-11-R0O
ACOUSTICAL PERFORMANCE TEST REPORT
ASTM C423
Rendered to
NOVAWALL SYSTEMS, INC.

SERIES/MODEL: Novawall Novaspanl16

TYPE: Stretch Fabric Wall System

Summary of Test Results
1/3 Octave Sound Absorption Coefficients at the
Data File No. Octave Band Frequencies NRC SAA
125 250 500 1000 2000 4000
(G2866.01A 0.06 0.33 0.84 1.01 1.03 0.99 0.80 0.81
G2866.01B 0.22 0.87 1.08 1.03 1.00 1.00 1.00 0.99

Reference should be made to Intertek-ATl Report No. G2866.01-113-11 for complete test
specimen description. This page alone is not a complete report.

130 Derry Court
York, PA 17406

www.archtest.com . www.intertek.com/building

p. 717.764.7700

f.

717.764.4129
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Architectural Testing

Acoustical Performance Test Report

NOVAWALL SYSTEMS, INC.
885-B South Pickett Street
Alexandria, Virginia 22304

Report G2866.01-113-11
Test Date 09/20/16
Report Date 09/27/16

Project Scope

Architectural Testing, Inc., an /Intertek company ("Intertek-ATI"), was contracted to conduct a
sound absorption test. The complete test data is included as Appendix B of this report. The client
provided the test specimen.

Test Methods
Testing for this project was conducted in accordance with the following standards. The
equipment listed in the attachments meets the requirements of the following standards.

ASTM C423-09a, Standard Test Method for Sound Absorption and Sound Absorption Coefficients
by the Reverberation Room Method

ASTM E795-05 (2012), Standard Practices for Mounting Test Specimens During Sound Absorption
Tests

Test Procedure

All measurements were conducted in the HT test chamber receive room at Intertek-ATI located
in York, Pennsylvania. The sensitivity of the microphones was checked before measurements
were conducted. Empty room sound absorption measurements were conducted before the
specimen was installed. Full room sound absorption measurements were conducted after the
specimen was installed.

For the empty and full room measurements, ten decay measurements were conducted at each
of the five microphone positions. Data was obtained at 1/3 octave band frequencies ranging from
80 to 5000 hertz. The air temperature and relative humidity conditions were monitored and
recorded during the measurements.

Specimen Mounting

For the Type A mounting, the test specimen was placed directly against the floor of the
reverberation room with the absorptive side facing the sound field. The perimeter of the
specimen was sealed to the floor with aluminum angle and duct tape.

130 Derry Court

York. PA 17406 www.archtest.com . www.intertek.com/building

p. 717.764.7700
f. 717.764.4129
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Test Calculations
The Sound Absorption Coefficient is the full room absorption minus the empty room absorption
divided by the area of the sample in m2. The Sound Absorption Coefficient is dimensionless.

The Noise Reduction Coefficient (NRC) rating is the arithmetic average of the sound absorption
coefficients at 250, 500, 1000 and 2000 hertz. The average is rounded to the nearest multiple
of 0.05.

The Sound Absorption Average (SAA) rating is the arithmetic average of the sound absorption
coefficients at the frequencies ranging from 200 to 2500 hertz. The average is rounded to the
nearest multiple of 0.01.

The Sound Absorption Coefficient isthe fullroom absorption'minus-the-emptyroom absorption
divided by the number/of units'beingtested. The Sound Absorption Coefficient is dimensionless.

Specimen Descriptions

Option A - 1" Stretch Fabric Wall System Description*

The 1" assembly is comprised of 1" Novawall Weltless/Concealed Square Edge extrusions with
1" thick - 6 PCF fiberglass mounted to 5/8" sheet rock. The Novawall Novaspan16 system includes
two layers of fabric. The face fabric is Novaspan16 that is 192" wide - 8.2 ounce per square yard
- 100% polyester and Novaspan16 scrim layer that is 192” wide - 5.5 ounce per square yard -
100% polyester. The Novaspan16 fabric is tucked into the Novawall extrusions completely
covering the acoustical fiberglass. There is no air gap in the mounting method required to
enhance the acoustic performance of the Novaspan16 assembly. The Novaspan16 assembly was
mounted to sheet rock as is standard mounting for all Novawall Novaspan installations. The
Novaspanl6 scrim layer is used to reduce the visual translucency of the face fabric and conceal
subtle variations typical of the acoustical fiberglass substrate.

Description Thickness Density Weight

Novaspanl6 0.024 in 28.00 Lb/ft3 0.056 Lb/ft?
Novaspan16 scrim layer 0.020 in 22.80 Lb/ft3 0.038 Lb/ft?
6 PCF Fiberglass 0.960 in 6.26 Lb/ft3 0.501 Lb/ft?
5/8" Sheet rock 0.6301in 42.10 Lb/ft3 2.210 Lb/ft?

* _ Stated per Client/Manufacturer
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Specimen Description (Continued)

Option B - 2" Stretch Fabric Wall System Description*®

The 2" assembly was comprised of 2" Novawall Weltless/Concealed Square Edge extrusions with
2" thick - 6 PCF fiberglass mounted to 5/8" sheet rock. The Novawall Novaspan16 system includes
two layers of fabric. The face fabric is Novaspan16 that is 192" wide - 8.2 ounce per square yard
- 100% polyester and Novaspanl16 scrim layer that is 192" wide - 5.5 ounce per square yard -
100% polyester. The Novaspanl6 fabric is tucked into the Novawall extrusions completely
covering the acoustical fiberglass. There is no air gap in the mounting method required to
enhance the acoustic performance of the Novaspan16 assembly. The Novaspanl6 assembly was
mounted to sheet rock as is standard mounting for all Novawall Novaspan installations. The
Novaspanl6 scrim layer is used to reduce the visual translucency of the face fabric and conceal
subtle variations typical/of the acoustical fiberglasssubstrate:

Description Thickness Density Weight

Novaspan16 0.024 in 28.00 Lb/ft3 0.056 Lb/ft?
Novaspan16 scrim layer 0.020 in 22.80 Lb/ft3 0.038 Lb/ft?
6 PCF Fiberglass 1.970 in 6.41 Lb/ft> 0.533 Lb/ft?
5/8" sheet rock 0.630in 42.10 Lb/ft? 2.210 Lb/ft?

* _ Stated per Client/Manufacturer

Comments

Two, 1.22 m by 2.44 m, and one, 0.30 m by 2.44 m, panels were arranged to produce the 2.44 m
by 2.74 m test specimen. The total weight of the Option A was 97.8 kg. The total weight of Option
B was 130.63 kg. Photographs are included in Appendix C. The client did not supply a report
drawing of the test specimen. Intertek-ATI will store samples of test specimens for four years.

Page 23



‘ G2866.01-113-11-R0O
Intertek Y ot

Architectural Testing

Intertek-ATI will service this report for the entire test record retention period. Test records, such
as detailed drawings, datasheets, representative samples of test specimens, or other pertinent
project documentation, will be retained by Intertek-ATI for the entire test record retention
period. The test record retention period ends four years after the test date.

This report does not constitute certification of this product nor an opinion or endorsement by
this laboratory. It is the exclusive property of the client so named herein and relates only to the
specimen tested. This report is intended to help in the client’s quality assurance program, but it
does not represent a continuous or exhaustive evaluation of the specimen tested or of other
products or materials that were not evaluated. The statements and data provided herein do not
constitute approval, disapproval, certification, or acceptance of performance or materials.

This report may not be reproduced, exceptinfull, withoutthe written approval of Intertek-ATI.

For INTERTEK-ATI:

HedtesTok gt A Holiom

Dighally Signed by: Matthew Tressler Digitally Signed by: KurtA. Golden

Matthew D. Tressler Kurt A. Golden
Technician - Acoustical Testing Project Lead— Acoustical Testing
MDT:jmcs

Attachments (pages): This report is complete only when all attachments listed are included.
Appendix A: Equipment description (1)
Appendix B: Complete test results (4)
Appendix C: Photographs (2)
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Revision Log

Rev.# Date Page(s) Revision(s)

RO 09/27/16 N/A Original Report Issue

This report produced from controlled document template ATI 00270, revised 08/31/15.
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Appendix A
Instrumentation:
.- Date of
Instrument Manufacturer Model Description ATI Number . )
Calibration

Data Acquisition Unit National Instruments PXI-1033 Data Acquisition card 65126 05/16 *
Receive R

ecelve Room PBC Piezotronics 378820 Microphone and Preamplifier 64902 12/15
Microphone
Receive Room . . i .

] PCB Piezotronics 378B20 Microphone and Preamplifier 64903 12/15
Microphone
Receive Room . . . .

. PCB Piezotronics 378B20 Microphone and Preamplifier 65103 12/15
Microphone
Receive Room . ) i "

. PCB-Piezotronics 378B20 Migrophone.and Preamplifier 64905 12/15
Microphone
Receive Room . A ) L

] PCB Piezotronics 378B20 Microphone and Preamplifier 64906 12/15
Microphone
Receive Room i

. . Comet T7510 Receive Room 64915 03/16

Environmental Indicator
Microphone Calibrator  |Norsonic 1251 Pistonphone Calibrator 65105 05/16

*- Note: The calibration frequency for this equipment is every two years per the manufacturer's recommendation.

Test Chamber:

Volume

Description

Receive Room

234 m*(8291.3 ft%)

Rotating vane and stationary diffusers
Temperature and humidity controlled
Isolation pads under the floor

N/A-Not Applicable
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Appendix B

Complete Test Results
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SOUND ABSORPTION ACCREDITED*
ASTM C 423 Wotrin W

Test Date 09/20/16

ATI No. G2866.01A

Client Novawall Systems, Inc.

Specimen Novawall Novaspan16, 1" stretch fabric wall system

Operator Matthew D. Tressler

Sample Area 6.69 m?

Mounting Type Type A

Empty Full

Temp C 19.9 20.9

RH % 55 52

B.P. (mb) 1011

Empty Room Full Room Absorption Relative
Freq Absorption Uncertainty Absorption Uncertainty Coefficient Uncertainty
(Hz) (m’) (m’)
80 4.52 0.271 4.47 0.268 0.00 0.057

100 5.11 0.291 5.34 0.378 0.03 0.071
125 5.22 0.172 5.63 0.266 0.06 0.047
160 4.56 0.147 5.28 0.190 0.11 0.036
200 4.50 0.026 5.88 0.067 0.21 0.011
250 4.99 0.090 7.20 0.085 0.33 0.019
315 5.07 0.030 8.66 0.059 0.54 0.010
400 5.14 0.073 9.80 0.018 0.70 0.011
500 5.12 0.049 10.75 0.185 0.84 0.029
630 4.74 0.031 11.07 0.024 0.95 0.006
800 4.88 0.029 11.50 0.024 0.99 0.006
1000 4.87 0.015 11.62 0.008 1.01 0.003
1250 5.21 0.029 12.16 0.012 1.04 0.005
1600 5.26 0.010 12.28 0.018 1.05 0.003
2000 5.19 0.007 12.09 0.022 1.03 0.003
2500 5.44 0.006 12.66 0.110 1.08 0.017
3150 6.03 0.021 12.77 0.009 1.01 0.003
4000 6.42 0.008 13.01 0.004 0.99 0.001
5000 7.09 0.006 13.55 0.007 0.97 0.001

NRC Rating 0.80 (Noise Reduction Coefficient)

SAA Rating 0.81 (Sound Absorption Average)

Notes: 1) The NRC rating is the arithmetic average of the sound absorption coefficients at 250, 500, 1000, and 2000 hertz. The

average is rounded to the nearest multiple of 0.05.

2) The SAA rating is the arithmetic average of the sound absorption coefficients at the frequencies ranging from 200 to 2500 hertz.
The average is rounded to the nearest multiple of 0.01.

ATI 00759 Revised 03/14/16

Page 1 of 2
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SOUND ABSORPTION ACCREDITED
ASTM C 423 o
Test Date 09/20/16
ATI No. G2866.01A
Client Novawall Systems, Inc.
Specimen Novawall Novaspan16, 1" stretch fabric wall system
Operator Matthew D. Tressler
Sample Area 6.69 m?
Mounting Type Type A
Empty Full
Temp C 19.9 20.9
RH % 55 52
B.P. (mb) 1011
Sound Absorption Coefficients
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ATl 00759 Revised 03/14/16 Page 2 of 2
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SOUND ABSORPTION ACCREDITED"
ASTM C 423 Laboratry

Test Date 09/20/16

ATI No. G2866.01B

Client Novawall Systems, Inc.

Specimen Novawall Novaspan16, 2" stretch fabric wall system

Operator Matthew D. Tressler

Sample Area 6.69 m?

Mounting Type Type A

Empty Full

Temp C 19.9 20.7

RH % 55 55

B.P. (mb) 1010

Empty Room Full Room Absorption Relative
Freq Absorption Uncertainty Absorption Uncertainty Coefficient Uncertainty
(Hz) (m’) (m’)
80 4.52 0.271 5.04 0.279 0.08 0.058

100 5.11 0.291 5.85 0.331 0.11 0.066
125 5.22 0.172 6.69 0.295 0.22 0.051
160 4.56 0.147 7.35 0.267 0.42 0.046
200 4.50 0.026 8.97 0.063 0.67 0.010
250 4.99 0.090 10.81 0.065 0.87 0.017
315 5.07 0.030 11.86 0.044 1.01 0.008
400 5.14 0.073 12.14 0.036 1.05 0.012
500 5.12 0.049 12.33 0.058 1.08 0.011
630 4.74 0.031 11.86 0.036 1.06 0.007
800 4.88 0.029 11.94 0.017 1.06 0.005
1000 4.87 0.015 11.75 0.026 1.03 0.005
1250 5.21 0.029 12.04 0.024 1.02 0.006
1600 5.26 0.010 12.08 0.018 1.02 0.003
2000 5.19 0.007 11.85 0.016 1.00 0.003
2500 5.44 0.006 12.42 0.117 1.04 0.018
3150 6.03 0.021 12.69 0.007 1.00 0.003
4000 6.42 0.008 13.08 0.011 1.00 0.002
5000 7.09 0.006 13.58 0.006 0.97 0.001

NRC Rating 1.00 (Noise Reduction Coefficient)

SAA Rating 0.99 (Sound Absorption Average)

Notes:

1) The NRC rating is the arithmetic average of the sound absorption coefficients at 250, 500, 1000, and
average is rounded to the nearest multiple of 0.05.

2000 hertz. The

2) The SAA rating is the arithmetic average of the sound absorption coefficients at the frequencies ranging from 200 to 2500 hertz.

The average is rounded to the nearest muiltiple of 0.01.

ATI 00759 Revised 03/14/16

Page 1 of 2
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SOUND ABSORPTION ACCREDITED®
ASTM C 423 Ly
Test Date 09/20/16
ATI No. G2866.01B
Client Novawall Systems, Inc.
Specimen Novawall Novaspan16, 2" stretch fabric wall system
Operator Matthew D. Tressler
Sample Area 6.69 m?
Mounting Type Type A
Empty Full
Temp C 19.9 20.7
RH % 55 55
B.P. (mb) 1010
Sound Absorption Coefficients
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Appendix C

Photographs

View of Installed Specimen A

Side View of Installed Specimen A

Page 32



A G2866.01-113-11-R0O
Intertek e N o113

Architectural Testing

Side View of Option A

Side View of Option B
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3933 US ROUTE 11 CORTLAND, NEW YORK 13045

REPORT

Date: October 8, 2015

SOUND ABSORPTION TEST
ON PATTERN ID: ABC

OVER 1 INCH FIBERGLASS BACKER-BOARD

INTRODUCTION

This report gives the results of a Sound Absorption test and the determination of the
Noise Reduction Coefficient on fabric over 1 inch fiberglass backer-board. The test
specimen was selected and supplied by the client and received at the laboratories
on October 6, 2015. The sample appeared to be in a new, unused condition.

AUTHORIZATION

Signed Intertek Quotation

TEST METHOD

The specimen was tested in accordance with the American Society for Testing and
Materials designation ASTM C423-09a, "Standard Test Method for Sound
Absorption and Sound Absorption Coefficients by the Reverberation Room Method".

GENERAL

This test method describes the measurement of sound absorption by analyzing the
decay rate of sound in a reverberation room. The difference of the decay with and
without the specimen in the room is utilized to determine the sound absorption of the
specimen under test. Intertek Testing Services Acoustical Facilities utilizes a 16,640
cu. ft. (470 cubic meter) reverberation room.

This report is for the exclusive use of Intertek's Client and is provided pursuant to the a?ree_ment between Intertek and its Client. Intertek's responsibility and
liability ‘are limited to the terms and conditions of the agreement. Intertek assumes no |ab|||t¥_to any party, other than to_the Client in accordance with the
agreement, for any loss, expense or damage occasioned By the use of this report. Only the Client js authorized to copy or djstribute this report and then only in its
entirety. Any use of the intertek name or one of its marks for the sale or advertisement of the tested material, product or service must first be approved in wrifing by
Intertek. The observations and test results in this report are relevant only to the sample tested. This report by itself does not imply that the material, product, or
sen(llcglls or has evertbeen under an intertek certification program. Measurement uncertainty budgets have been determined for applicable test methods and are
available upon request.
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GENERAL - Cont'd

The sound absorption coefficient is ideally defined as the fraction of the randomly
incident sound power absorbed by the material. The greater the coefficient, the greater
the sound absorption.

The Noise Reduction Coefficient (NRC) is a single number rating obtained by taking the
arithmetic average of the absorption coefficients at 250, 500, 1000, and 2000 Hz
rounded to the nearest multiple of 0.05.

The Sound Absorption Average (SAA) is a single number rating obtained by taking the

arithmetic average of the one-third octave bands from 200 through 2500 Hz rounded to
the nearest 0.01.

DESCRIPTION OF TEST SPECIMEN

The test specimen consisted of an 8 foot wide by 9 foot long test area covered with
fabric identified as Pattern ID: ABC over acoustical backer-board laid on the
concrete floor of our 16,640 cu. ft. reverberation room. The 1 inch thick fiberglass
backer-board had an NRC of 0.80 when tested alone. The fabric weighed
approximately 0.31 pounds per square yard.

Page 2 of 4 October 8, 2015
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RESULTS OF TEST

PATTERN ID: ABC
OVER 1 INCH FIBERGLASS BACKER-BOARD

One Third Octave Band  Absorption Coefficients Repeatability, R Reproducibility, r

Center Frequency, Hz Sabins/ft?

80 0.05 0.14 0.14
100 0.05 0.15 0.27
125 0.02 0.11 0.22
160 0.05 0.11 0.23
200 0.23 0.09 0.17
250 0.51 0.07 0.15
315 0.65 0.09 0.22
400 0.86 0.14 0.16
500 1.02 0.09 0.14
630 1.04 0.06 0.14
800 1.01 0.07 0.14
1000 0.92 0.06 0.12
1250 0.85 0.05 0.13
1600 0.77 0.05 0.14
2000 0.75 0.05 0.13
2500 0.69 0.06 0.14
3150 0.63 0.08 0.15
4000 0.65 0.11 0.16
5000 0.66 0.15 0.21
Sound Absorption 0.78 0.08 0.03

Average (SAA)

Absorption Coefficients — Sabins/ft.?
One-Third Octave Band Center Frequency, Hz

IDENTIFICATION 125 250 500 1000 2000 4000 NRC

Fabric over one inch 0.02 0.51 1.02 0.92 0.75 0.65 0.80
backer board

MOUNTING: Type “A” per ASTM Designation E795-05 (Reapproved 2012), “Standard
Practices for Mounting Test Specimens During Sound Absorption Tests”.

Page 3 0of 4 October 8, 2015
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REMARKS

1. Aging Period: None
2. Ambient Temperature:  72°F
3. Relative Humidity: 52%

CONCLUSION

The test method employed for this test has no pass-fail criteria, therefore, the evaluation
of the test results is left to the discretion of the client.

Date of Test: October 6, 2015

Report Approved by: Report Reviewed By:

Brian Cyr James R. Kline

Engineer Engineer/Quality Supervisor
Acoustical Testing Acoustical Testing

Attachments: None

Page 4 of 4 October 8, 2015
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REPORT

3933 US ROUTE 11 CORTLAND, NEW YORK 13045

Date: March 22, 2019

SOUND ABSORPTION TEST ON
XYZ FABRIC
OVER 1 INCH FIBERGLASS BACKER-
BOARD

INTRODUCTION

This report gives the results of a Sound Absorption test and the determination of the
Noise Reduction Coefficient on Mantle fabric over 1 inch fiberglass backer-board.
The test specimen was selected and supplied by the client and received at the
laboratories on March 21, 2019. The sample appeared to be in a new, unused
condition.

AUTHORIZATION

Signed Intertek Quotation
TEST METHOD

The specimen was tested in accordance with the American Society for Testing and
Materials designation ASTM C423-2017, "Standard Test Method for Sound
Absorption and Sound Absorption Coefficients by the Reverberation Room Method".

GENERAL

This test method describes the measurement of sound absorption by analyzing the
decay rate of sound in a reverberation room. The difference of the decay with and
without the specimen in the room is utilized to determine the sound absorption of the
specimen under test. Intertek Testing Services Acoustical Facilities utilizes a 16,640
cu. ft. (470 cubic meter) reverberation room.

This report is for the exclusive use of Intertek's Client and is provided pursuant to the agreement between Intertek and its Client. Intertek's responsibility and
liability are limited to the terms and conditions of the agreement. Intertek assumes no fability to any party, other than to the Client in accordance with th
agreement, for any loss, expense or damage occasioned by the use of this rer{)_ort. Only the Client’is authorizedto copy or distribute this report and then on_l¥ in its
entlretx. Any use of the Intertek name or one of its marks for the sale or advertisement of the tested material, product or service must first be approved in wrifing by
Intertek. The observations and test results in this_report are relevant only to the sample tested. This report by itself does not imply that the material, product, or
ser\_lllcgl is or has evert een under an Intertek certification program. Measurement uncertainty budgets have been determined for applicable test methods and are
available upon request.
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GENERAL - Cont'd

The sound absorption coefficient is ideally defined as the fraction of the randomly
incident sound power absorbed by the material. The greater the coefficient, the greater
the sound absorption.

The Noise Reduction Coefficient (NRC) is a single number rating obtained by taking the
arithmetic average of the absorption coefficients at 250, 500, 1000, and 2000 Hz
rounded to the nearest multiple of 0.05.

The Sound Absorption Average (SAA) is a single number rating obtained by taking the

arithmetic average of the one-third octave-bands from 200 through-2500 Hz rounded to
the nearest 0.01.

DESCRIPTION OF TEST SPECIMEN

The test specimen consisted of an 8 foot wide by 9 foot long test area covered
with fabric identified as: XYZ FABRIC over acoustical backer-board laid on the concrete
floor of our 16,640 cu. ft. reverberation room. The 1 inch thick fiberglass backer-board
had an NRC of 0.80 when tested alone. The fabric weighed approximately 0.95
pounds per square yard.

Page 2 of 4 March 22, 2019
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RESULTS OF TEST

XYZ FABRIC

OVER 1 INCH FIBERGLASS BACKER-BOARD

One Third Octave Band  Absorption Coefficients

Center Frequency, Hz Sabins/m?
80 0.00
100 0.00
125 0.49
160 0.08
200 0.22
250 0.09
315 0.74
400 0.7
500 0.77
630 1.02
800 1.15

1000 1.05
1250 1.10
1600 1.10
2000 1.06
2500 0.98
3150 0.92
4000 0.95
5000 0.89
Sound Absorption 0.83

Average (SAA)

Repeatability, R

0.14
0.15
0.11
0.11
0.09
0.07
0.09
0.14
0.09
0.06
0.07
0.06
0.05
0.05
0.05
0.06
0.08
0.11
0.15

0.08

Reproducibility, r

Absorption Coefficients — Sabins/m.?
One-Third Octave Band Center Frequency, Hz

IDENTIFICATION 125 250 500

Fabric over one inch 0.49 0_09 0.77
backer board

MOUNTING:

Type “A” per ASTM Designation E795-16, “Standard Practices for

1000

2000 4000

1.05

Mounting Test Specimens During Sound Absorption Tests”.

0.14
0.27
0.22
0.23
0.17
0.15
0.22
0.16
0.14
0.14
0.14
0.12
0.13
0.14
0.13
0.14
0.15
0.16
0.21

0.03

NRC

1.06 0.95

0.75

Page 3 of 4

March 22, 2019
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REMARKS

1. Aging Period: None
2. Ambient Temperature:  69°F
3. Relative Humidity: 40%

CONCLUSION

The test method employed for this test has no pass-fail criteria, therefore, the evaluation
of the test results is left tothe discretion of the client:

Date of Test: March 22, 2019

Report Approved by: Report Reviewed By:
_ﬁm /?/_, ((}/amdﬁ» ?, '{,Zfﬂi?«

Brian Cyr James R. Kline

Engineer Engineer/Quality Supervisor

Acoustical Testing Acoustical Testing

Attachments: None

Page 4 of 4 March 22, 2019
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1512 S BATAVIA AVENUE An @ALION Technical Center
GENEVA, IL 60134

RIVERBANK.ALIONSCIENCE.COM

Tegt Report FOUNDED 1918 BY

630-232-0104 WALLACE CLEMENT SABINE
SPONSOR: Sound Absorption
RAL™-A19-337
CONDUCTED: 2019-08-01 Page 1 of 9
ON: Drapery,
TEST METHODOLOGY

Riverbank Acoustical Laboratories™ is accredited by the U.S. Department of Commerce, National
Institute of Standards and Technology (NIST) under the National Voluntary Laboratory Accreditation
Program (NVLAP) as an ISO 17025:2005 Laboratory (NVLAP Lab Code: 100227-0) and for this test
procedure. The test reported in this document conformed explicitly with ASTM C423-17: "Standard
Test Method for Sound Absorption and Sound Absorption Coefficients by the Reverberation Room
Method." The specimen mounting was performed according to ASTM E795-16: "Standard Practices for
Mounting Test Specimens' During "Sound-Abserption ‘Tests." A description of the measurement
procedure and room specifications are available upon request. The results presented in this report apply
to the sample as received from the test sponsor.

INFORMATION PROVIDED BY SPONSOR

The test specimen was designated by the sponsor as Drapery, Utmost II fabric. The following nominal
product information was provided by the sponsor prior to testing. The accuracy of such sponsor-provided
information can affect the validity of the test results.

Product Under Test
Trade Name:
Material ID:
Material: 100 % polyester
Manufacturer: '

SPECIMEN MEASUREMENTS & TEST CONDITIONS

Through a full external visual inspection performed on the test specimen, Riverbank personnel verified
the following information:

Drapery

Material: Velveteen textile
Flat Dimensions: 4876.8 mm (192 in.) x 2438.4 mm (96 in.)
Fabric Thickness: 1.42 mm (0.056 in.)
Overall Weight: 2.49 kg (5.5 Ibs)
Mass per Unit Area: 371 g/m? (0.076 lbs/fi?)
Installation: Fabric manually gathered on curtain rod to approximately
2:1 ratio of flat fabric width to installed fabric width
Installed Dimensions: 2438.4 mm (96 in.) x 2438.4 mm (96 in.)
Draped Depth: Approximately 152.4 mm (6 in.)

) ' @® RIVERBANK ACOUSTICAL LABORATORIES IS ACCREDITED BY NVLAP (LAB CODE 100227-0) FOR ACOUSTICAL TESTING SERVICES IN
NV @ ACCORDANCE WITH ISO/IEC 17025:2005 AND FOR THIS PROCEDURE. THIS REPORT MUST NOT BE USED BY THE CLIENT TO CLAIM
' PRODUCT CERTIFICATION, APPROVAL, OR ENDORSEMENT BY RAL, NYLAP, NIST, OR ANY AGENCY OF THE U.S. GOVERNMENT.
TESTING THIS REPORT SHALL NOT BE MODIFIED WITHOUT THE WRITTEN APPROVAL OF RAL. THE RESULTS REPORTED APPLY ONLY TO THE
NVLAP LAB CODE 100227-0  SPECIFIC SAMPLE SUBMITTED FOR TESTING; RAL ASSUMES NO RESPONSIBILITY FOR THE PERFORMANCE OF ANY OTHER SAMPLE.
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Test Report FOUNDED 1918 BY

630-232-0104 WALLACE CLEMENT SABINE
Knoll Textiles RALT™.A19-337
2019-08-01 Page 2 of 9

Overall Specimen Properties
Size: 2.44 m (96.0 in) wide by 2.44 m (96.0 in) long
Thickness: 0. m (0.056 in)
Weight: 4.76 kg (10.5 Ibs)
Mass per Unit Area: 0.8 kg/m? (0.16 Ibs/ft?)
Calculation Area: 5.946 m? (64 fi?)

Test Environment
Room Volume: 291,98 m?
Temperature:  21.9 °C £0.1 °C(Requirement:. > 10°C and <5 °C change)
Relative Humidity: | 63.4 % + 0.2.% (Requirement:-> 40 % ‘and < 5% change)
Barometric Pressure:  99.5 kPa (Requirement not defined)

MOUNTING METHOD

Type G-150 Mounting: The drapery specimen was hung from a curtain rod built 152.4 mm (6 in.) off
center from the vertical test surface via a curtain pocket sewn into one edge of the specimen. A piece of
particle board was installed at the top of the specimen to prevent sound from passing into the airspace
behind it. All parts of the draped specimen were spaced at least 76.2 mm (3 in.) and at an average of
101.6 mm (4 in.) from the vertical test surface. The lower horizontal edge of the specimen was spaced
330.2 mm (13 in.) from the horizontal test surface The numeral suffix in the mounting designation is the
distance in millimeters from the vertical test surface to the centerline of the mounting rod, rounded to
the nearest integer multiple of 5. The perimeter edges were left unsealed, as would be typical in a field
installation of the product under test.

NV& @ ACCORDANCE WITH 1SO/IEC 17025:2005 AND FOR THIS PROCEDURE. THIS REPORT MUST NOT BE USED BY THE CLIENT T0 CLAIM

] PRODUCT CERTIFICATION, APPROVAL, OR ENDORSEMENT BY RAL, NVLAP, NIST, OR ANY AGENCY OF THE US. GOVERNMENT.
TESTING THIS REPORT SHALL NOT BE MODIFIED WITHOUT THE WRITTEN APPROVAL OF RAL. THE RESULTS REPORTED APPLY ONLY TO THE
NVLAP LAB CODE 100227-0  SPECIFIC SAMPLE SUBMITTED FOR TESTING; RAL ASSUMES NO RESPONSIBILITY FOR THE PERFORMANCE OF ANY OTHER SAMPLE.

[E_Up@ RIVERBANK ACOUSTICAL LABORATORIES 1§ ACCREDITED BY NVLAP (LAB CODE 100227-0) FOR ACOUSTICAL TESTING SERVICES IN
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Figure 2 — Flat fabric specimen prior to mounting
o ® RIVERBANK ACOUSTICAL LABORATORIES IS ACCREDITED BY NVLAP (LAB CODE 100227-) FOR ACOUSTICAL TESTING SERVICES IN
Nv [& ACCORDANCE WITH 1SO/IEC 17025:2005 AND FOR THIS PROCEDURE. TH!S REPORT MUST NOT BE USED BY THE CLIENT TO CLAIM
PRODUCT CERTIFICATION, APPROVAL, OR ENDORSEMENT BY RAL, NVLAP, NIST, OR ANY AGENCY Of THE U.S. GOVERNMENT,
TESTING THIS REPORT SHALL NOT BE MODIFIED WITHOUT THE WRITTEN APPROVAL OF RAL. THE RESULTS REPORTED APPLY ONLY TO THE
NVLAP LAB CODE 100227-0  SPECIFIC SAMPLE SUBMITTED FOR TESTING; RAL ASSUMES NO RESPONSIBILITY FOR THE PERFORMANCE OF ANY OTHER SAMPLE.
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Figure 3 — Detail of fabric surface

® RIVERBANK ACOUSTICAL LABORATORIES IS ACCREDITED BY NVLAP (LAB CODE 100227-0) FOR ACOUSTICAL TESTING SERVICES IN

mv& @ ACCORDANCE WITH ISO/IEC 17025:2005 AND FOR THIS PROCEDURE. THIS REPORT MUST NOT BE USED BY THE CLIENT TO CLAIM
PRODUCT CERTIFICATION, APPROVAL, OR ENDORSEMENT BY RAL, NVLAP, NIST, OR ANY AGENCY OF THE U.S. GOVERNMENT.

TESTING THIS REPORT SHALL NOT BE MODIFIED WITHOUT THE WRITTEN APPROVAL OF RAL. THE RESULTS REPORTED APPLY ONLY TO THE

NVLAP LAB CODE 1002270 SPECIFIC SAMPLE SUBMITTED FOR TESTING; RAL ASSUMES NO RESPONSIBILITY FOR THE PERFORMANCE OF ANY OTHER SAMPLE.
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TEST RESULTS

Specimen total absorption and absorption coefficient are tabulated at the eighteen standard frequencies.
A graphic presentation of the data and additional information appear on the following pages.

1/3 Octave Center

Frequency Total Absorption Total Absorption Absorption
(Hz) (m?) ' (Sabins) Coefficient
100 0.24 2.57 0.04

** 125 0:30 323 0.05
160 =17 12.63 0.20
200 1.70 18.28 0.29

** 250 2.69 28.95 0.45
315 4.49 48.32 0.76
400 522 56.18 0.88

** 500 6.31 67.94 1.06
630 6.50 70.01 1.09
800 6.41 68.99 1.08

** 1000 6.17 66.37 1.04
1250 6.05 65.17 1.02
1600 5.78 62.24 0.97

** 2000 6.01 64.67 1.01
2500 6.09 65.53 1.02
3150 5.98 64.35 1.01

** 4000 5.93 63.78 1.00
5000 5.88 63.29 0.99

SAA =0.89
NRC=0.90

NVH}[& ACCORDANCE WITH ISO/IEC 17025:2005 AND FOR THIS PROCEDURE. THIS REPORT MUST NOT BE USED BY THE CLIENT TO CLAIM

PRODUCT CERTIFICATION, APPROYAL, OR ENDORSEMENT BY RAL, NVLAP, NIST, OR ANY AGENCY OF THE U.S. GOVERNMENT.
TESTING THIS REPORT SHALL NOT BE MODIFIED WITHOUT THE WRITTEN APPROVAL OF RAL. THE RESULTS REPORTED APPLY ONLY T0 THE
NVLAP LAR CODE 100227-0  SPECIFIC SAMPLE SUBMITTED FOR TESTING; RAL ASSUMES NO RESPONSIBILITY FOR THE PERFORMANCE OF ANY OTHER SAMPLE.

L@@) RIVERBANK ACOUSTICAL LABORATORIES IS ACCREDITED BY RVLAP (LAB CODE 100227-0) FOR ACOUSTICAL TESTING SERVICES IN
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TEST RESULTS (continued)

The sound absorption average (SAA) is defined in ASTM C423-17 Section 3.1.1 as the arithmetic
average of the sound absorption coefficients of a material for the twelve one-third octave bands from
200 Hz through 2500 Hz, inclusive, rounded to the nearest integer multiple of 0.01.

The noise reduction coefficient (NRC) is defined from previous versions of ASTM C423 as the
arithmetic average of the sound absorption coefficients at 250 Hz, 500 Hz, 1000 Hz, and 2000 Hz,
rounded to the nearest integer multiple of 0.05.

Tested by _ Report by

Dean Victot Malcolm Kelly 7
Lead Experimentalist Acoustical Test Engineer

g f
rf m i ally signed by Erkc P Wolfram
5 0N en=Eric P Wollrain, o=Alion Scence &
. — i:fi.uu(ulrm,w:ﬂlvevhank Acouithal
Approved b, e o A
= 3 - Dintie: 201608 70 11:37:37 0500
Eric P. Wolfram 0
Laboratory Manager

; ® RIVERBANK ACOUSTICAL LABORATORIES IS ACCREDITED BY NVLAP (LAB CODE 100227-0) FOR ACOUSTICAL TESTING SERVICES IN
Nv & ACCORDANCE WITH ISO/IEC §7025:2005 AND FOR THIS PROCEDURE. THIS REPORT MUST NOT BE USED BY THE CLIENT TO CLAIM
PRODUCT CERTIFICATION, APPROYVAL, OR ENDORSEMENT BY RAL, NYLAP, NIST, OR ANY AGENCY OF THE U.S. GOVERNMENT.
TESTING THIS REPORT SHALL NOT BE MODIFIED WITHOUT THE WRITTEN APPROVAL OF RAL. THE RESULTS REPORTED APPLY ONLY TO THE
NVLAP LAB CODE 100227-0  SPECIFIC SAMPLE SUBMITTED FOR TESTING; RAL ASSUMES NO RESPONSIBILITY FOR THE PERFORMANCE OF ANY OTHER SAMPLE.
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PRODUCT CERTIFICATION, APPROVAL, OR ENDORSEMENT BY RAL, NVLAP, NIST, OR ANY AGENCY OF THE US. GOVERNMENT,
TESTING THIS REPORT SHALL NOT BE MODIFIED WITHOUT THE WRITTEN APPROVAL OF RAL. THE RESULTS REPORTED APPLY ONLY TO THE
NVLAPLAB CODE 100227-0  SPECIFIC SAMPLE SUBMITTED FOR TESTING; RAL ASSUMES NO RESPONSIBILITY FOR THE PERFORMANCE OF ANY OTHER SAMPLE.

® RIVERBANK ACOUSTICAL LABORATORIES IS ACCREDITED BY NYLAP (LAB CODE 100227-0) FOR ACOUSTICAL TESTING SERVICES IN
NV [&@ ACCORDANCE WITH ISO/IEC 17025:2005 AND FOR THIS PROCEDURE. THIS REPORT MUST NOT BE USED BY THE CLIENT TO CLAIM
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APPENDIX A: Extended Frequency Range Data
Specimen: Drapery, Utmost II fabric (See Full Report)

The following non-accredited data were obtained in accordance with ASTM C423-17, but extend beyond
the defined frequency range of 100Hz to 5,000Hz. These unofficial results are representative of the RAL
test environment only and intended for research & comparison purposes.

1/3 Octave Band

Center Frequency Total Absorption Absorption
(Hz) (Sabins) Coefficient
31.5 -2.85 -0.04

40 -7.50 -0.12
50 -3.52 -0.05
63 1.06 0.02
80 1.65 0.03
100 2.57 0.04
125 3.23 0.05
160 12.63 0.20
200 18.28 0.29
250 28.95 0.45
315 48.32 0.76
400 56.18 0.88
500 67.94 1.06
630 70.01 1.09
800 68.99 1.08
1000 66.37 1.04
1250 65.17 1.02
1600 62.24 0.97
2000 64.67 1.01
2500 65.53 1.02
3150 64.35 1.01
4000 63.78 1.00
5000 63.29 0.99
6300 63.56 0.99
8000 64.76 1.01
10000 61.54 0.96
12500 53.30 0.83

V&@ ACCORDANCE WITH 1S0/IEC 17025:2005 AND FOR THIS PROCEDURE. THIS REPORT MUST NOT BE USED BY THE CLIENT TO CLAIM
PRODUCT CERTIFICATION, APPROVAL, OR ENDORSEMENT BY RAL, NVLAP, NIST, OR ANY AGENCY OF THE U.S. GOVERNMENT.
TESTING THIS REPORT SHALL NOT BE MODIFIED WITHOUT THE WRITTEN APPROVAL OF RAL. THE RESULTS REPORTED APPLY ONLY TO THE

NVLAP LAB CODE 100227-0  SPECIFIC SAMPLE SUBMITTED FOR TESTING; RAL ASSUMES NO RESPONSIBILITY FOR THE PERFORMANCE OF ANY OTHER SAMPLE.
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APPENDIX B: Instruments of Traceability
Specimen: Drapery, Utmost II fabric (See Full Report)
Serial Date of Calibration
Description Model Number Certification Due
3160-
System 1 Type 3160-A-042 106968 2019-06-25  2020-06-25
ff“el &XKjaerMic And Preamp 10 4043.8.001 2311428 2018-0928  2019-09-28
Bruel & Kjaer Pistonphone Type 4228 2781248 2018-08-06  2019-08-06
EXTECH Hygro 662 SD700 A083662~, 20181129~ 2019-11-29

APPENDIX C: Reyvisions to Original Test Report
Specimen: Drapery, Utmost II fabric (See Full Report)

Date Revision
2019-08-08 Original report issued

END

Nv&@ ACCORDANCE WITH 1SO/IEC 17025:2005 AND FOR THIS PROCEDURE. THIS REPORT MUST NOT BE USED BY THE CLIENT TO CLAIM

PRODUCT CERTIFICATION, APPROVAL, OR ENDORSEMENT BY RAL, NVLAP, NIST, OR ANY AGENCY OF THE U.S. GOVERNMENT.
TESTING THIS REPORT SHALL NOT BE MODIFIED WITHOUT THE WRITTEN APPROVAL OF RAL. THE RESULTS REPORTED APPLY ONLY TO THE
NVLAP LAB CODE 100227-0  SPECIFIC SAMPLE SUBMITTED FOR TESTING; RAL ASSUMES NO RESPONSIBILITY FOR THE PERFORMANCE OF ANY OTHER SAMPLE.
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Intertek

3933 US ROUTE 11 CORTLAND, NEW YORK 13045

REPORT

Date: April 21, 2016

SOUND ABSORPTION TEST
ON PATTERN ID: ABC

INTRODUCTION

This report gives the results of Sound Absorption test and the determination of the
Sound Absorption Coefficient on a fabric sample. The test specimen was selected and
supplied by the client and received at the laboratories on April 1, 2016. The sample
appeared to be in a new, unused condition.

AUTHORIZATION

Signed Intertek Quotation

TEST METHOD

The specimen was tested in accordance with the International Standards Organization
designation ISO 354 2003 “Acoustics Measurement of sound absorption in a
reverberation room - Second Edition”. It was classified in accordance with ISO 11654
1997 “Acoustics - Sound Absorbers for Use in Buildings - Rating of Sound Absorption -
First Edition”

GENERAL

This test method describes the measurement of sound absorption by analyzing the
decay rate of sound in a reverberation room. The difference of the decay with and
without the specimen in the room is utilized to determine the sound absorption of the
specimen under test. Intertek Testing Services Acoustical Facilities utilizes a 16,640 cu.
ft. (470 cubic meter) reverberation room.

This report is for the exclusive use of Intertek's Client and is provided pursuant to the agreement between Intertek and its Client. Intertek's responsibility and

liability ‘are limited to the terms and conditions of the agreement. Intertek assumes no liahility to any party, other than to_the Client in accordance with the

agreement, for any loss, expense or damage occasioned By the use of this report. Only the Client js authorized to copy or djstribute this report and then only in its

entlretK. Any use of the intertek name or one of its marks for the sale or advertisement of the tested material, product or service must first be approved in wrifing by

Intertek. The observations and test results in this report are relevant only to the sample tested. This report by itself does not imply that the material, product, or

sen(llcglls or has evertbeen under an intertek certification program. Measurement uncertainty budgets have been determined for applicable test methods and are
available upon request.
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GENERAL - Contd

The sound absorption coefficient is ideally defined as the fraction of the randomly
incident sound power absorbed by the material. The greater the coefficient, the greater
the sound absorption.

The Sound Absorption Coefficient (ay) is a single number rating obtained by taking the
arithmetic average of the absorption coefficients at the next higher and lower one third
octave bands of 250, 500, 1000, and 2000 Hz rounded to the nearest multiple of 0.05.
The values are then put on a reference sound absorption curve. The sound absorption
is determined by the reference absorption at 500 Hz.

DESCRIPTION OF TEST SPECIMEN

The test specimen consisted of Pattern ID: ABC fabric sample. " The overall sample
measured 10 m”2 installed. The sample was installed 4 inches from the wall and
tested in a flat and a folded configuration. A photo of each configuration is shown
below.

Page 2 of 4 April 21, 2016
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RESULTS OF TESTS

PATTERN ID: ABC
INSTALLED FLAT

One Third Octave Band Absorption Coefficients Percent
Center Frequency, Hz Sabins/ft* Uncertainty
100 0.01 4
125 0.01 4
160 0.03 4
200 0.05 4
250 0.11 2
315 0.13 2
400 0.29 2
500 0.46 2
630 0.58 2
800 0.66 2
1000 0.67 2
1250 0.64 2
1600 0.58 2
2000 0.60 2
2500 0.62 2
3150 0.60 2
4000 0.64 2
5000 0.63 2
Olw 0.40 (H)

The (H) indicates the majority of the sound absorption is above 500 Hz.

-
Sound Absorption vs. Frequency — & Reference Curve
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Sound Absorption

MOUNTING: Type “G” per ASTM Designation E795-05, “Standard Practices for
Mounting Test Specimens During Sound Absorption Tests”.

Page 3 of 4 April 21, 2016
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RESULTS OF TESTS

PATTERN ID: ABC
INSTALLED WITH 100% OVERLAPING FOLD

One Third Octave Band Absorption Coefficients Percent
Center Frequency, Hz Sabins/ft? Uncertainty
100 0.06 4
125 0.00 4
160 0.06 4
200 0.06 4
250 0.22 2
315 0.23 2
400 0.46 2
500 0.66 2
630 0.80 2
800 0.80 2
1000 0.85 2
1250 0.81 2
1600 0.79 2
2000 0.77 2
2500 0.76 2
3150 0.74 2
4000 0.73 2
5000 0.72 2
Ol 0.45(H)

The (H) indicates the majority of the sound absorption is above 500 Hz.

—&— Absorber
Sound Absorption vs. Frequency —m— Reference Curve
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MOUNTING: Type “G” per ASTM Designation E795-05, “Standard Practices for
Mounting Test Specimens During Sound Absorption Tests”.
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REMARKS

1. Aging Period: None
2. Ambient Temperature: 68°F
3. Relative Humidity: 43%

CONCLUSION

The test method employed for this test has no pass-fail criteria, therefore, the evaluation
of the test results is left to the discretion of the client.

Date of Tests: April 11, 2016

Report Approved by: Report Reviewed By:
e i e R K2

Brian Cyr James R. Kline

Engineer Engineer/Quality Supervisor

Acoustical Testing Acoustical Testing

Attachments: None
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