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“The Wood Products Council” is a
Registered Provider with The
American Institute of Architects
Continuing Education Systems
(AIA/CES), Provider #G516.

Credit(s) earned on completion of this
course will be reported to AIA CES for
AlA members. Certificates of
Completion for both AIA members
and non-AlA members are available
upon request.

This course is registered with AlA CES
for continuing professional education.
As such, it does not include content
that may be deemed or construed to
be an approval or endorsement by
the AIA of any material of
construction or any method or
manner of handling, using,
distributing, or dealing in any
material or product.

Questions related to specific materials, methods,
and services will be addressed at the conclusion of
this presentation.
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Course Description

Noise control in buildings such as apartments, schools, and offices plays
an important role in tenant satisfaction. Selecting an effective wall or
floor/ceiling assembly is important—and necessary for proper design—
but it’s just one of several considerations. Covering both light wood-
frame and mass timber structures, this presentation will provide a top
to bottom approach to achieving sound acoustical performance. Topics
will include code requirements and owner expectations, tested
assemblies vs. calculated performance, exterior noise, interior noise
reverberation, structural and fire-resistance related components,
detailing to avoid flanking paths, and installation best practices.



Learning Objectives

1. Consider code requirements for acoustical performance of building
spaces compared to common owner expectations in occupancies such as
multi-family.

2. Highlight best practice details to avoid noise flanking paths.

3. Explore options for minimizing exterior noise and interior reverberation
issues in wood buildings including schools and offices.

4. Discuss the difference between acoustical performance of light-frame
wood and mass timber assemblies and highlight successful acoustical
design approaches for each.
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Principles of Acoustics Design

Code Requirements and Owner Expectations
Tested Assemblies & Calculated Performance
Interior Noise — Reverberation

Exterior Noise Control

Light-Frame Walls / Mass Timber Walls
Light-Frame Floors / Mass Timber Floors



Acoustics Design Topics - Agenda




Acoustical Design

Types of noise to control:
Exterior to interior
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Acoustical Design

Types of noise to control:
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Noise within a space p——— | . _




Acoustical Design

Types of noise to control:
Interior to interior
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LOUDNESS COMPARISON CHART (dBA)

Common QOutdoor
Activities

Noise Level

dBA

—
SN—

Common Indoor
Activities

Jet Fly-over at 1000 ft ) | Rock Band

Gas Lawn Mower at 3 ft

Diesel Truck at 50 ft at 50 mph

Noisy Urban Area, Daytime
Gas Lawn Mower at 100 ft
Commercial Area

Heavy Traffic at 300 ft

Quiet Urban, Daytime

Quiet Urban, Nighttime
Quiet Suburban, Nighttime

Quiet Rural, Nighttime

Lowest Threshold of Human Hearing

0EEEEEEEEE

Food Blender at 3 ft
Garbage Disposal at 3 ft

Vacuum Cleaner at 10 ft
Normal Speech at 3 ft

Large Business Office
Dishwasher Next Room

Theater,
Large Conference Room (Background)

Library

Bedroom at Night,
Concert Hall (Background)

Broadcast/Recording Studio

Lowest Threshold of Human Hearing

An increase of 3 dBA is barely perceptible to the human ear.

Acoustical Design

[Changes in STC Rating

Changes in Apparent Loudness

+/- 1 Almost imperceptible
+/- 3 Just perceptible
+/- 5 Clearly noticeable
+/-10 Twice (or half) as loud




Acoustical Design

Air-Borne Sound:
Sound Transmission Class (STC)

 Measures how effectively an assembly isolates air-borne sound
and reduces the level that passes from one side to the other

* Applies to walls and floor/ceiling assemblies

- J | L
11

Arbome

Sound
'\3(,(.’.’*' - 2
' fAnsmEsswon
! > through wa
' \-'.

\
3

SN NG assembly



Acoustical Design

Structure-borne sound:
Impact Insulation Class (IIC)

 Evaluates how effectively an assembly blocks impact sound
from passing through it

* Only applies to floor/ceiling assemblies




Acoustical Design
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Sound Transmisslon Loss (dB re: 20 uPa)

Acoustical Design

STC and IIC Tests: Utilize 1/3 Octave Band Data,
measured at 16 frequencies from 125 to 4000 Hz

Airborne Sound Transmission Loss Impact Sound Transmission
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Acoustical Design

STC/IIC determined by plotting
actual tested data against
standardized contours, paired to
contour that meets criteria for
deviation from actual tested data (at
any given frequency and the sum of

all)

Due to single number rating over a
series of frequencies, can have
assemblies with same STC/IIC - one
can perform well at a given
frequency while the other doesn’t

Image Credit: Pliteq



2. Code Requirements and Owner Expectations



Acoustical Criteria
IBC 1207

Code requirements only address residential occupancies:

areas.

Min. STC of 50 (45 if field tested):

 Walls, Partitions, and Floor/Ceiling
Assemblies

For unit to unit or unit to public or service P /

Min. IIC of 50 (45 if field tested) for:
* Floor/Ceiling Assemblies
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Acoustical Criteria

- What can be heard |

25 Normal speech can be understood quite easily and distinctly through wall
SO
30 Loud speech can be understood fairly well, normal speech heard but not understood
35 Loud speech audible but not intelligible
—
J 40 Onset of "privacy” |
42 Loud speech audible as a murmur
45 Loud speech not audible; 90% of statistical population not annoyed
p—t
50 Very loud sounds such as musical instruments or a stereo can be faintly heard; 99% of population not
annoyed.
60+ Superior soundproofing; most sounds inaudible




Acoustical Criteria

Acoustical Isolation Between Units — Airborne (STC) / Impact (11C)

Class Airborne Sound Floor Ceiling Impact
Designation Isolation (STC) Isolation (lIC)
Entry level 50 50

Market rate 55 55

Luxury 60 60




Acoustical Criteria

LEED has acoustics criteria for specific occupancies:
Schools:

Addresses items such as:
LEED BD+C: Schools | v4 - LEED v4

Minimum acoustic performance HVAC: back.ground S
 Exterior noise

e Reverberation time

Required

LEED BD+C: Healthcare | v4 - LEED v4

: Addresses items such as:
Acoustic Performance

* Speech privacy
Possible 2 points ¢ Background noise




Reaffirmod by ANSI
April 1, 2018
ANSVASA S12 680-2010/Part 1

(Revision of ANSYFASA 512 60.2002)
noludes Interpretations Approved in March 2014

AMERICAN NATIONAL STANDARD

Acoustical Performance Criteria, Design
Requirements, and Guidelines for Schools,
Part 1: Permanent Schools

ANSUASA S1240 2000 Fart 1

Accredited Standards Committee S12, Noise

Acoustical Criteria

No code requirements for education
buildings, but many owners require
minimum level of performance

ANSI S12.60:
Optional acoustics criteria for schools

Examples:

* Floor/wall separating learning
space from corridor: STC 45

* Floor/wall separating learning
space from music room: STC 60



Guidelines o/

FOR DESIGN AND CONSTRUCTION OF

Hospitals V' %
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Guidelines

FOR DESIGN AND CONSTRUCTION OF
Residential Health, Care,
and Support Faclilities

The Facility Guidelines Institute

Acoustical Criteria

Referenced in LEED for
Healthcare:

The Facilities Guidelines
Institute produces documents
that address acoustics design
considerations and guidelines
for hospitals, outpatient
facilities and residential
health, care and support
facilities



3. Tested Assemblies & Calculated Performance



Acoustical Detailling

Sources of acoustically tested assemblies:

 Gypsum product manufacturers literature

All Assemblies

SAIAAA AR R Rr R agiid
LUV e e ey

Approved for Accembly

DensArmor Plus® Fireguard C®
Products

DensArmor Plus® Firequard®
Products

DensElement™ Barrier Sheathing
DensGlass® Firequard® Sheathing
DensShiald® Firequard® Tile
Backer

ToughRock® Fireguard C® Products
ToughRock® Firequard X™ Mald-
Guard™ Products

ToughRock® Firequard X™ Products
ToughRock@ Lite-Weight Fire-Rated
Products

Source: GP

1 Assembly design
-~

Wood-Framed Wall
Resilient channels 247 o.c. attached harizontally on ane
side of 2 x 4" wood studs 24" o.c. with 1-1/4" Type S
drywall screws. One layer 5/87 [15.9 mm] ToughRock®
Fireguard X™ or 5/87 [15.9 mm] DensArmor Plus®
FireGuard® interior panels applied horizontally to
channels with 17 Type S drywall screws 8" o.c. with
vertical joints located mid way between studs. 3° mineral
or glass fiber insulation in stud space. Opposite side: one
layer 5/8" [15.9 mm| ToughRock® Fireguard X™ Products
or 5/8° 115.9 mm) DensArmor Plus FireGuard interior
panels applied horizontally or vertically to studs with &4
cement coated nails, 1 7/8" long, 0.0715" shank, 15/64°
heads, 7" o.c. Vertical joints staggered 24" on opposite
sides. Sound Tested with 3-1/27 (89 mml fiberglass
insulation

Hourly Rating: Y-hour
S1C Roting: 50-54 STC
UL U309, cUL U309, GA WP 3243

sund Test Reference. RAL TL77-138

Fire Test Reterence

Flond Colings Selestor -

frameng Typan

Wood (treneoral L wmoe

e Renge

) Mo

Mo ITC O

Volewn

bt

Apsiont Cranmal

Coarzmt woud Podd

Ungrearsd Varfanid

Viryl Mark

Treet Vimy

Covumic Tia

Cothcmat Vgt

Trwe SO Orypmalt
Senivrani Sraten

Fire Tant Numban

Afew e B

S T 0 XD

e O mes Page 108 Y

Source: USG

Sorthy Awewsrce

CAFC5 1 hous 50 54

Wood Denersional Lumber

* Floce Underiopment (optional) - M. 174 in (19 men) Dack, min compremaive siong® 1800 g
Fioor SUbstrate - 270 A (9 mim) Sartce Doard

Subflooe - 48 i (16 mm) plywood underisymen

Struchursl Membars - Noon. 2 in. (51 e By 10 i (254 o) 16 . (406 a0n) OC
Sams and Blarkets - 3172 0 (5% mm) foeegiass nasuvanon

Calling Suppan  Furring channails spaced 24 in (609 mm) OC

Finiahed Culling - 1/2 in {12 men) Beck gypoem board

LS6% or GAFC-5112 1 hour 60 54

Wood Demensanal Lumbsy

o Fooe Covering - Shaet vinyl

¢ Floge Undariypment - | in (25 mom) thick, compressive strength 2800 pal

» Sound Mat - 279 0 (¥ ) Wech

o SUbfo0r + 15732 I (12 ) Tuck phywood Undergyment

¢ Structural Members - Nom 20 (ST mem) by 10 (254 mem) 160 (808 m) OC
o Datts and Blardats < 3777 0 (89 o) Mece Shergiass msudaion

o Colling Support - Raaiient CANeil 5000 14 o (404 ) OC

o Finished Calling - /8 in {14 mm) thick gypsum boasrd




Acoustical Detailling

Sources of acoustically tested assemblies:
* Insulation product manufacturers literature

Staggered Wood Stud Wall System

STC

Fire Fire
STC Test No. Construction Description Rating Test

Sound Rating Construction Details
I 0 STC | 29
? x4 - Test No. RAL-TL94-305
o : ST1C 34 (no insulation)
Wood Stud Tost. No. | RAL-TLO4-275
« Partition Materials | 2 x4 Wood Studs 16" 0.¢

Source: Owens Corning

Source: CertainTeed




Sources of acoustically tested assemblies:
Acoustical product manufacturers

Acoustical Detailling

([ J
o 1 GenieClip RST
""i" 3 '4" Insulation
_’ :§1 /s Furring Channel
\ll =4 2 x 4" Wood Stud
=)
§ il =<2 =— %" Gypsum Wallboard
-] ! —',_—‘
El B3 S/ Gypsum Wallboard
© =>4
< )

J

AYA).
98

0000

AALIA

LYY

0
Vs '6""/2. 7
TL07-673 UL Assembly

Source: Pliteq V305

lIC 59-FIELD

Solution
AcoustiTECH VP

AcoustiTECH Premium

Structure
Light wood-frame

Floor covering

Engineered hardwood /

Lamnale "-j_-vznq

Installation
Floated

Celling
Yos

Source: AcoustiTech

Interactive System Selector

Hard Surface Finished

Floor Good 2" (51 mm) approved

Maxxon® Underlayment

\ Reinforcement
\ AcoustiMat® 3 HP

3/4" (19 mm)

3/4" (19 mm)
4| Tongue and Groove

Plywood or OSB

Resilient Channel

Batt Insulation

5/8" (16 mm) N
Gypsum Board
Source: Maxxon

Sound Ratings in hard surface areas” F-IIC F-STC

Base Parallel Chord Truss 40-44 43-46




Acoustical Detailling

Sources of acoustically tested assemblies:
* Industry associations: AWC, APA, others

WUl-1.2 One-Hour Fire-Resistance-Rated Ceiling Assembly FIGURE 1
Floor"/Ceiling - 100% Design Load - 1 Hour Rating - ASTM E 119 / NFPA 251 CROSS-SECTION OF ALL-WOOD FLOOR ASSEMBLY

Floor covering )

Floor deck {single or
double loyers)

I-joists (9-1/2" min,) &
with 1-1/8" thick x 1-3/4"* °©
wide flanges min, ot
24" oc mox. (9

Cavity msulation )

V4
\

_:_: Source: AWC

Resilient channel of 16* oc o

STC and lIC Sound Ratings for Listed Assombl

Without Gypsum Concrete With Gypsum Concrete ~ 4
Cushioned Vinyl Carpet & Pad Cushioned Vinyl Carpet & Pad Gypsum boord (2 loyers 5/8" Type X) @ !
STC ne STC ne STC e STC e Source: APA

S 6" 1 64° 60" L0 60" 68"



U.S. Department of Housing and Urban
Development
Office of Community Planning and Development

Noise Notebook

Chapter 4
Supplement

Sound
Transmission
Class Guidance

Acoustical Detailling

Sources of acoustically tested assemblies:
* Other industry associations

Source: HUD

Catalog of STC and IIC Ratings
for Wall and Floor/Ceiling Assemblies

Source: CA DoH

FIRE

ANCE
DESIEN MANTAL

GYPSUM

SYS E”Q

Source: GA



SUBFLOOR

N 1/2" PLYWOOD

WOOD JOIST

/ 1/2” TYPE X GYPSUM
/ WALLBOARD (2 LAYERS)

N PN PN PPN PN PN PN IV I I NI I I N
"9 00000 S )( 9 9 O " W X
NANANANANINANTNA ANLNANANA Lom

~ NP RTINS AT
W X XS @ P
0. 9.9.9.9.9.9.9.9.

[= 16" -
FIRE EXPOSED SIDE
1/2 inch Type X Gypsum wallboard = 25 minutes
1/2 inch Type X Gypsum wallboard = 25 minutes
Wood joists = 10 minutes
Combined Assembly Fire Resistance Rating = 60 minutes

Figure 2 Floor/Ceiling Assembly

Acoustical Detailling

Description STC Ine
Carpet & Pad
/4" ()'/[l'.: reloe
Wood | j0IS4 Floor 36 3
Rashen Channel 10 8
Total 53 62
Source: SBCA

Can I acoustically rate individual components in an assembly
and then add them up for the system rating?

It depends...



Acoustical Detailling

2018 IBC now allows engineering analysis based on comparisons

1206.2 Alrborme scund.

Wais, portons and Roor-Caling sssombies SODaraing weling unts and Seping unts from sach oy of Tom pubiic O servics raas shal have a sound
tronsmisson cass of not less then S0, or not less han 45 ¥ Aol losed, for arbome noise where tesied in sccordance with ASTM E£50. ARermatively, T sound
ransmission ciass of walls, partinons and fAoor-ocedng assembies shal be estabished by engneenng s5alyss based on @ corpanson of walls, partitons and

floce-Caling ossambies hinving sound IraNsmssion Cass Mings a8 Seermmined by e 108! procedures saf forth in ASTM £50. Pecetrations or operings

CONSFUCHON isarrbins 10 Ding. secincal devices. rocassad CADInets, Dathiube, Sofils. o haating, venliating o mxhaust Gucts shal Do sealed, ned
raUNing of Oerwiss Poaied 10 mainten the reguared MENngs. Tha reguremen! shall ot A2ty 30 erancs JoOrs. ROWeve!, Such J00rs shal be g filing %
ihe Fame and o

1206.2.1 Masonry.
The SOund IMOENESON Cass Of CONCIEln MESONty 30 Clty MESONy Ssambins SNl Do CRICUANS In ACCOrdancs with TMS 0302 or Setermined Prough
Iasting In Soordancs wih ASTM ESO

1206.1 Structure-bome sound.

Flodr-caing Rs3embiles DOteoen Jwiiing units and 2eaping s of Detwaaen A AWwaiNng Ll OF SeeRing unt and A PUlIC Of SEMVice ansa within Ihe Suture
WAl Phave BN MRt Insulation dass raang of not less than 50, or Aot lass han 45 If el 96100, wher 103%d I ACCoNCance with ASTM E402. Alemativaly,
he moact insuation dass of foor-ceding assermbies shadl Do oslatished by enginoerng andlyss Dased on A cComparson of oor-caing assembles having

MOAct INSUAMon Ciass Mmlings &5 cetermined by the test procedunes n ASTM E452




Acoustical Detailling

2018 IBC now allows engineering analysis based on comparisons

1206.2 Alrborme sound

'-‘..' ~ :ﬂ“,1 oL - '... ¢ »” .._; -"7-','"'..’ ~y ,',':‘.— At N ; »;'A . ,-." "!. N Q‘ f'."""f, .‘.‘ 2% .1 "r—'?v (o A 1Y 0.:-_-" ;“:' - r \_,l-". O8N 'nas ,'0-“' -~ e N sour .
W o a%

Andet ettt fryr aishrvnn frusmnm whaees eind f asrrredinnesn ats ASTM FON  A8arsabiunl e 3OuUnS
ANAITUS

' Alternatwel'y, the sound transmlssmn class of walls, part1t1ons ol
=== and floor- -ceiling assemblies shall be established by R
' engineering analysis based on a comparison of walls,

120 partitions and floor-ceiling assemblies having sound

* transmission class ratmgs as determined by the test
SIS procedures set forth in ASTM E90.

RESSMUNES DOMDan Ty Lty and

- DAEN A CWAED LT OF Sermang unt ant B DUDRC OF SR arss withid e sTusiun
Al PNave BN IMac! InsuUlEton dass raang of not less than S0, or not lass han 45 If feld W60l wherd 10S%d I AcCorsance with ASTM E402. Alomatively

he moact Insuation dass of foor-ceding assembies Shadl Do osalished by engiNoerng ANdiyss Dased On A comparson of Nodr-Cming assembles hinving
MOact INSUIMon Class Mtings &5 determined by the ost procedunes N ASTM E452




Acoustics Design Topics - Agenda
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Acoustical Detailling

Regardless of the structural materials used in a wall or
floor ceiling assembly, there are 3 effective methods of
improving acoustical performance:

1. Add Mass
2. Add noise absorbers
3. Add decouples




Acoustical Detailling

What does this look like in typical wood-frame
construction:

| ” -n:a\ R B
1. Add Mass o “"i.:r e
2. Add noise barriers ',
3. Add decouplers \ I
‘ LN L
:_‘_“::}’;l::’- il




Acoustical Detailling

What does this look like in typical wood-frame
construction:

1. Add Mass S | s g
2. Add noise barriers ', ‘.'
3. Add decouplers \ I
e O Ll S . - -




Acoustical Detailling

What does this look like in typical wood-frame
construction:

. ” :-:n R B
1. Add Mass S “':i:r" e
2. Add noise barriers —___ \/
3. Add decouplers \ I
‘l WM el
- e ¢




Acoustical Detailling

What does this look like in typical wood-frame
construction:

1. Add Mass e e ==
2. Add noise barriers Y

3. Add decouplers \ I
\‘ A B -‘.‘_‘ls ) WM a0l




Acoustical Detailing
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Adding Mass:
Gypsum Wall Board

—

S ANOCAN LT AN PPNV L 2 ULAAOI YY) AR
e N A A A A W W AN

Acoustical Detailling

STC 56

1 Layer Ceiling

2 Layer Celling



Acoustical Detailing

Lightwéight concrete 'topping
or other similar materials can
provide improved acoustical

performance, increased 2
durabilit'y vr( "\/_ " Porchel Chond Trss
Gypawes Bocnd :

Image credit: Maxxon



Acoustical Detailling

Adding Mass:
Concrete or gypsum topping

F ——  —

SN MO SOV ML TRO0D
o cue

VA AN AN NV YRR A Y

“ STC 43 | " STC 49 \

Without concrete topping With concrete topping




Acoustical Detailling

Adding Noise Absorbers:
Batt Insulation

STC 37 STC 43

Without insulation With insulation



Add Decouplers: Acoustical Detalling

Acoustical mat - typically installed
between subfloor and topping or flooring.

Can use multiple decoupling layers in
sandwich assembly

Image credit: Pliteq



Acoustical Detailling

Image credit: Maxxon

Start over

Hord Surfoce Finished

Eloor Good 1 1/2" |38 mm) opproved Proi ils:
R el oject Details
\ Project Type: Multifamily-Condos
Assembly: I-Joist
Sound Mat: None
Maxxon Underlayment: 1-1/2* [
. 3/4" (19 mm) w/o ° 1
- Tongueand Groove acoustical mat
: Plywood or OSB Selecti
3 “ Resilient Channel €lections:
e - o - S Project Type: Multifamily-Condos
~ '\ o : Assembly: I-Joist
Batt Insulation — S P ; Sound Mat: None
~
/ : Maxxon Underlayment: 1-1/2"
Double Layer 5/8" (2 x 16 mm) . o
Gypsum Board /

Sound Ratings in hard surface areas” F-IIC F-STC Typical UL Fire Rated Design Design
Base I-Joist 40-44  43-46 I-Joist LS89
With Maxxon Underlayment only 40-45 59-62 * The UL Fire Design listed above Is a common design for the specified assembly.

: Maxxon Underfayments are listed in over 100 UL Fire Designs. To request a copy of
With Maxxon Underlayment & (sound mat) n/a n/a Maxxon's Fire & Sound Manual or for assistance in determining the right UL Design
—

far vnur nmiect. enntact vaur Reaianal Renrecentative at (RONY I56-7RR7 or hw



Hard Surfoce Finished

1 1/2 {38 mm) min. approved

\ Mason® Un
- %

Reinforcement
AcoustiMat 3® HP
3/4" (19 mm)

Image credit: Maxxon

Hord Surfoce Finished
Floor Good

Project Details:
Project Type:
Assembly:

Sound Mat:

Maxxon Underlayment:

Selections:

Project Type:
Assembly:
Sound Mat:

Maxxon Underlayment:

Multifamily-Condos
I-Joist

Acousti-Mat 3 HP

1-1/2*

Multifamily-Condos
I-Joist

Acousti-Mat 3 HP
1-1/2"

Start over

ol

Double Layer 5/8" (2 x 16 mm)

S %

Gypsum Board >

W/ acoustical mat

Double layer 5/8" (2 x 16 mm)

Gypsum Board

[ o oymert s At sve || even soes | |

Sound Ratings in hard surface areas” F-IIC F-STC Typical UL Fire Rated Design Design
Base I-Joist 40-44 43-46 I-Joist L589
With Maxxon Underlayment only 40-45 59-62 * The UL Fire Design listed above is a common design for the specified assembly.

Maxxon Underlayments are listed in over 100 UL Fire Designs. To request a copy of
Maxxon's Fire & Sound Manual or for assistance In determining the right UL Design

Sound Ratings in hard surface areas’ F-IIC F-STC
Base I-Joist 40-44 43-46
With Maxxon Underlayment only 40-45  59-62
With Maxxon Underlayment & (sound mat) n/a n/a

far uniir nrnlart rantact uniire Danl al D tativa ar (AANY AEA_T0QT Ar b

Design

Typical UL Fire Rated Design

1-Joist L589

* The UL Fire Deslign listed above Is a common design for the specified assembly.
Maxxon Underfayments are listed in over 100 UL Fire Designs. To request a copy of
Maxxon's Fire & Socund Manual or for assistance in determining the right UL Design
far vnur nmiect. enntact vaur Reaianal Renrecentative at (RONY I56-7RR7 or hw



Acoustical Detailling

Decouple:
Resilient Channels

U ANOCAN LT AN PPNV L T YA Y Y MARA N
D N N N e N N N N N N N N N N N N g N g Mg ¥ o N N N S N S Ny

g

STC 56
Without resilient channels With resilient channels




Acoustical Detailling

STC ratings — low to mid 60’s achievable

TOGE S0 GROOVE M TR0
A

ASABTRTID VAN IS RESLL U A WRORNTAID e 35
s s St sssssssassasss s sese s

STC 56 STC 62
Figure 1 - Acoustical Progression in Wood Framed Floor / Ceilings




Acoustical Detailing

Dimensional Lumber Acoustical Performance
STC | IC | Test Number

Construction Detail

Description

clg. wt. 3 | ® 5/8" SueeTRock Brand Frecooe C Core 59 |54 | RAL-IN0O4-006/TL04-033
ANE S S e s Gypsum Panels Cushioned vinyl floor, SRM-25,
jﬂ(?ﬂﬂ(?\rlj (??C:H:‘?' ~ 2x10” wood joist 16" o.c. 1" LEVELROCK
: | /[A ! | - RC-1 channel or equivalent 16" o.c.
LOHO0OY)| [HUDLOUOLE | | lation held up under subfioor by 58 |55 | RAL-INO4-007/TL04-034 |
1% : lightning clips Engineered wood-laminate floor
: - 19/32" T&G wood subfloor SRM-25, 1" LEVELROCK
| | ® 3/4" Levecrock Brand Floor Undedayment ol e ;
[ ) 159 |77 | RAL-INO4-005/TL04-032 |
* Carpet with SRM-25, 1" LeveLRocx

59 |52 | RAL-IN0O4-009/TL04-067
Ceramic tile with crack-isolation
membrane, SRM-25, 1" LeveLrock

Floor finish has a 57150 RaLnos-o3Loa00

Cushioned vinyl fioor, SRB board

significant impact ............................................................. ;

58 |51 | RAL-IN0O4-012/TL04-099

1 Engineered wood-laminate floor,
on IIC rating oo ot it o

..............................................................

58 |73  RAL-INO4-010/TLO4-097
Carpet with SRB board







Acoustical Detailling

STC ratings — low to mid 60’s achievable

1= T = B
|
SECTION oS BECTON SeCTON L I _cnon
! |
" " " h' v =
r r ; "}:4 - A
= (B - = |5 = B ) - (D] P
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Figure 1 - Acoustical Progression in Wood Framed Walls




1 Layer wall 2 Layer wall

Acoustical Detailling

Adding Mass:
Gypsum wall Board

|

STC38 STC45



Acoustical Detailing

Adding Noise Absorbers: =
Batt Insulation ‘—". i——
: E
I :t
[stc3a ] [ [ sTC38]



Acoustical Detailling

Good Detailing +
Good Installation =
Good Performance




I Acoustical Detailing

Disconnect structure/finish
from carrying all the way
through the assembly

Resilient Channels
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Acoustical Detailling

Decouple:

Resilient channels



Acoustical Detailling

Good Detailing + Good Installation =
Good Performance

Open leg should be up on
walls

Resilient Channel Wall Framing - Avold ; Resilient Channel Wall Framing - Recommended

:_. }-“‘ shont crost ol Vs ot




Acoustical Detailling

My interior, acoustically rated wall also needs to be a
shearwall

Can I add wood structural panels to an acoust1ca11y tested
wall? “ | %"._f'.i-.'.';' ‘

Yes, but

placement is
very important!
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Can wood structural panels be added to an acoustically-tested wall
assembly?

In mary multi-family stroctured, Intersor demising wally that
wparate dwelling units fram other units of from public spaces are
reQuired 1o have a minienum level of acowstical performance (I8C
Section 1207). In some cases, These intenar walls are alke used as
ear walls, utlizing plywood or QS8 an one of both sdes of the
wall. Appropriate STC performance for walls aee typically justitied
through the uie of a tested assembly; Powewer, most tested
avembiss do not indude wood structural panels (WSPs). This post
conmtains information to heip justify its indhuson in these cases.

In the WoodWorks technical paper, Acousrtical Considerations for
Mived-Use Wood Frame Suidings author Steve Thorbumn discusses
the impact that WSPs can have on acoustical performance of walls.
Adding shear wall gheathing to a wall assembly can actually Increass
its acoustical performance In certain droumstances because it adds
mass 10 the assembly. As Thorburn notes, "in the past, uning muitiple
layers of gypsum sheathing to increase the mass of the system has
boen the mast common solution 10 raising the STT rating of the system. ” He goes on, "in the case of shear wall sheathing, mass can
be traded out for mass. " However, designers thould be careful where they place WSPs within the wall assembly

With respect to placement, two concitions that could negatively affect the STC performance of a wall are 1) If the WSPs impede the
performance of resllient channeis, and 2) if the WSPs alter the depth of the ar cavity

the assembly includes
wai, between the
contact points

Resilient channels are
resihent channe’s on

gypsum board and w
between the resilient




FIGURE 6

Effect of Sheathing Placement on Acoustical Performance (Plan View)
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Acoustical Design

* For walls with resilient channels, put WSP on opposite
side of wall

* For highly loaded shearwalls, can use double layer of
sheathing on same side of wall

APA Roport T2014L-21

SN0io-S0ed Doutie-Seamned Shead Waly
WD WOOT STUCHN Pacel Sneetheng
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Acoustical Design

e Staggered stud wall condition:

* Blocking bridges finish on one side of wall to studs on
opposite side, defeats purpose.

e Solution: use flat blocking in wall (wide face against WSP)

Credit: WoodWorks



SHEETROCK Brand l {7 /.1 ’ —\-Sthmocx Brand
joint tape ——" 1|\ 2 acoustical sealant
= X RC-1 resilient
C 3 A3 channel or
, fs2 sl A o equivalent
sound insulation 1y "
Floor attachment )
1 C T 2x4 wood stud
L R
SHEETROCK Brand C = "
gypsum panel —| - * C —
S C s RC-1 resilient
A= channel or
¢ C e S equivalent (may
e — be inverted to
S gase attachment
Sealants || ey
P
e SHEETROCK Brand

acoustical sealant —

—Acoustical Detailing

Discontinuous topping at unit

pa'rtltlon ZEZ:-S SHEETROCK Brand
E: acoustical sealant
(=S
; i o
SHEETROCK
Brand
acoustical
sealant
H”Hi” IO i””ii”
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Rt— SHEETROCK Brand
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Credit: USG ===




Acoustical Detailling

csumWalbeard - Finish Isolation
Acoustical Sealant

GenieMat PMI

Laminate Flooring

GenieMat FF06
3/ Gypsum Concrete

XAZAANRY X X)) ( X<
Y/ ANWANAWAW ¢ '\
' 'RV RA\VAR / Y |
) K -’l /) _) .i.x\_/k;‘__""\_ _‘_-’h_/‘~‘
1

: -

f‘

5014142 7014195

C Us

UL Assembly
L546, etc.

/s~ 0.5.B or T&G Plywood
31/," Insulation

16" Open Web Truss

/5" Resilient Channel
*/g" Gypsum Wallboard

Credit: Pliteq
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- 24" minimum separation




Acoustical Detailling

Door Placement

Doorway Placement - Avold | Doorway Placement - Better



Acoustical Design Resource

Code provisions, tested
assemblies, detailing options
and more for acoustical design
of wood structures

Free resource at woodworks.org

£ WoodWorks

WOOD FPRODLCTS COUNnCH

Acoustical Considerations for
Mixed-Use Wood-Frame Buildings
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Acoustics Design Topics - Agenda




Mass Timber: Stucture Often i1s Finish




But by Itself, Not Adequate for Acoustics
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Mass Timber Acoustics

TABLE 1:
Examples of Acoustically-Tested Mass Timber Panels

Mass Timber Panel Thickness STC Rating IIC Rating
3-ply CLT wall* 3.07" 33 N/A
5-ply CLT wall* 6.875 38 N/A
5-ply CLT floor® 5.1875" 39 22
5-ply CLT floor? 6.875" 41 25
7-ply CLT floor* 9.65" 44 30

3-1/2" bare NLT 24 bare NLT
6
24 NLT well 4-1/4" with 3/4" plywood 29 with 3/4" plywood o i
: 5-1/2" bare NLT 22 bare NLT
| .
A NET W 6-1/4" with 3/4° plywood 31 with 3/4° plywood MR
2x6 NLT floor + 1/2° plywood? 6" with 1/2° plywood 34 33

Source! Inventory of Acoustically-Tested Mass Timber Assemblies, WoodWorks’




Mass Timber Acoustics

One of the main reasons is “mass”
Recall the three ways to increase acoustical performance:

=1 —— — O— e+

—— —— "

1. Add Mass
2. Add noise barriers
3. Add decouplers

Ll Al L\ -

Image credit: Christian Colu mbrk




Mass Timber Acoustics

3

- E:/'TF »

Concrete Slab: CLT Slab:

6"’ Thick 6-7/8” Thick
80 PSF +——————————— |8 PSF

STC 83 —r-—nio-—--—---y STC 41




Mass Timber Acoustics

There are three main ways to improve an assembly'’s
acoustical performance:

—) ] Add mass
2. Add noise barriers
—) 3. Add decouplers

Finish Floor if Applicable

coustical Mat Product 3

LT Panel

No direct applied or hung ceiling




Mass Timber Acoustics

There are three main ways to improve an assembly’s
acoustical performance:
1. Add mass
2. Add noise barriers
—) 3 Add decouplers

Acoustical Mat:

* Typically roll out or board
products

 Thicknesses vary: Usually
77 to 17+




Mass Timber Acoustics




Mass Timber Acoustics

Common mass timber
floor assembly:
* Finish floor (if applicable)

* Underlayment (if finish
floor)

« 1.5”to 4” thick
concrete/gypcrete

topping
* Acoustical mat
 WASP (if applicable)
 Mass timber floor panels

Image credit: AcoustiTECH



Timber Acoustically Tested Assemblies,
WoodWorks Created 2 New Resources



ass Timber Acoustics

¥y WoodWorks’ |

WOOD PRODUCTS COUNCIL

Solutions Paper
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http://www.woodworks.org/wp-content/uploads/wood solution paper-
MAS



http://www.woodworks.org/wp-content/uploads/wood_solution_paper-MASS-TIMBER-ACOUSTICS.pdf

Designing a wood building?
Ask us anything.

FRAEE PROJECT SUPPORT | EDUCATION RESOURCES

Acoustically-Tested Mass Timber Assemblies

Followsrg & & Il of mads imber sisemblies that hive Deen scoustcally tested a3 of January 23, 2019. Scurces are noted 3t the end of this
document. For free technical assstance on any questions related to the acoustical design of mass timber assembles, or free technical
assistance refated to any aspect of the desgn, engneering or corstrection of a commercial or muith-family wood bullding in the U S, emad

heipEwoodworks org or contact the WoodWorks Regional Director nearest you: PURD //www woooaworks org/proect assiitance

Conmtents:

Table 1: LT Hoor Assembhies with Concrete/Gypsum Topping, Callng Side Exposed ... . . . . TR . ol
Table 2: CAT Hoor Assemblies without Concrete/Gypsum Topping Celding Side Exposed . )
Table 3: QLT Aoor Assemblies without Concrete/Gypsum Topping, with Wood Skeepers, Colling Side Esposed ... Hremru s UL rieda gl
Table 4: NLT, GLT K TAG Decking Floor Assembles, Ceiling Side Exposed ... B ATRTA St ST Tt steremiiiormensivisessiiotbitntmiorsc
Table 5 Mass Timber Floor Assermbiies with Celling Side Concedied 14
Table 6: Single CLT Wl , . 21
o F ok T R RN TS S T L LR S e AT LN NARTE WIS SROEE TP S St o SOOI S S 26
Table B: ODouble CLT Wat : , 29
Sources 12

http://bit.ly/mass-timber-assemblies



http://bit.ly/mass-timber-assemblies

Table 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed P WoodWorks
'y

—— - — ———— — e e e -

CUY Pl | Conirete/ Gypam Acmstcal Mt Product Betwesn CLT and Topping Ry

Nore
Wwr

e Carpet » Pad
Maoin Agh Mat® | AVT on Acouats Top®
1.3/ Gyp-Crete® Lng Weod on Acoust)-
Top*

Masn Acoull Mat® X Prersum A

RARE L S

Nve

T

VT Phs
|08 Weod
Carpes « Pad
Caramic Tie
Nore

L VT Lombockh® wr
Brand 1500 : = :& o

5
E

CLT Spty
%85 SG SAM A2S Uhra

iﬁiiﬁﬂﬂﬁ&iﬁl; : E s lele

More than 430 Tested Assemb
. ' e a1

http://bit.iv/mass-ti m bér-assembl ies
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http://bit.ly/mass-timber-assemblies

Mass Timber Acoustics Inventory

Table 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed

Finish Floor if Applicable

Concrete/Gypsum Topping

Acoustical Mat Product I N O O I N N N I

CLT Panel

No direct applied or hung ceiling

Table 2: CLT Floor Assemblies without Concrete/Gypsum Topping, Ceiling Side Exposed

Finish Floor if Applicable
Acoustical Product

1T [T TT [T [T [T N N N I

CLT Panel

No Direct Applied or Hung Ceiling



Mass Timber Acoustics Inventory

Table 6: Single CLT Wall Table 7: Single NLT Wall Table 8: Double CLT Wali

V- V-

N—")

Left Side Finish

NLT Wall Panel %

Right Side Finish

Left Side Finish I,

Left Side CLT + Finish B

CLT Wall Panel

Between CLT Panels

Right Side Finish =1 [

Right Side CLT + Finish

)
W S I

W N S




MT Acoustics Inventory

STC! IIC Source

47% ASTC 47°

= 49 AlIC

- 75 AlIC

p®

Read the Footnotes

- 522 AlIC

usti- 1

- 512 AlIC

Table 1 Notes:

1.

All STC tests performed in accordance with ASTM E 90 unless otherwise noted below. All IIC tests performed in accordance with ASTM E 492 unless otherwise
noted below. See end of document for sources and referenced test reports.

ASTC field tests performed in accordance with ASTM E 336. AlIC field tests performed in accordance with ASTM E 1007.

lIC tests not performed in accordance with a singular test standard. Test measurement method used a combination of ASTM E492 and ASTM 1007 per acoustical
mat product manufacturer.

FSTC field test performed in accordance with ASTM E 336. AlIC field test not performed in accordance with ASTM E 1007 (inadequate number of measurements).
STC and IIC noted is a prediction based on the ISO 15712-1 prediction method as noted in the referenced test report.

STC and IIC noted is based on floor zone testing procedures that are modifications of ASTM E90 and E492 test and do not fully conform with these
test standards per acoustical mat product manufacturer and as noted in the referenced test report.

Actual thickness of CLT in this test was 6.3” (160 mm)

Assemblies included in the 1% edition of the CLT Handbook are included herein due to their legacy use. However, the testing standards used for these assemblies
are European and direct correlation to IBC-referenced ASTM standards is not currently available.

STC and IIC noted is a based on the ISO 12354 model as noted in the referenced manufacturer’s literature



MT Acoustics Inventory

Inventory contains tests conducted on
CLT, NLT, MPP, GLT, T&G Decking

éredit: Structure Fusion



ALLOWABLE BUILDING AREA
64,000 SF
AVERAGE AREA PER STORY

324,000 SF
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New Tall Timber Opportunities

TYPE IV- HT
IBC 2015

TYPE IV-C

BUSINESS OCCUPANCY [GROUP B]

IBC 2021

TYPE IV-B

TYPE IV-A

Credit: Susan Jones, atelierjones



1” Bare Gypsum (no finish floor) Tall TiTmber Assemblies

Without Dropped Ceiling

Minimum 1" noncombustible material STC 50

Mass timber floor panel I [ | | | |

1IC 40

Without Dropped Ceiling

Minimum 1" noncombustible material

STC 52
Mass timber floor panel ] I [ [ | | | |
| | | | | |
Two layers 5/8" Type X gypsum* I I C 46

*Applicable to most locations; limited exposed mass timber permitted in IV-B

With Dropped Ceiling

Minimum 1" noncombustible material

Mass timber floor panel “I III””I|I””I|I”””|”””|”””|”””“ STC 63
Two layers 5/8" Type X gypsum IIC 60

Dropped ceiling




LVT on 1” Gypsum Tall Timber Assemblies

Without Dropped Ceiling

Minimum 1" noncombustible material STC 5 1

Mass timber floor panel I [ | | | |

liC 43

Without Dropped Ceiling

Minimum 1" noncombustible material

STC 52
Mass timber floor panel ] I [ [ | | | |
| | | | | |
Two layers 5/8" Type X gypsum* I I C 48

*Applicable to most locations; limited exposed mass timber permitted in IV-B

With Dropped Ceiling

Minimum 1" noncombustible material

Mass timber floor panel “I III””I|I””I|I”””|”””|”””|”””“ STC 63
Two layers 5/8" Type X gypsum IIC 63

Dropped ceiling




2” Bare Concrete (no finish floor)

Without Dropped Ceiling

Minimum 1" noncombustible material

Mass timber floor panel

Without Dropped Ceiling
Minimum 1" noncombustible material

Mass timber floor panel

' I I I I I
|
<>

>

Two layers 5/8" Type X gypsum*

*Applicable to most locations; limited exposed mass timber permitted in IV-B

With Dropped Ceiling

Minimum 1" noncombustible material

Mass timber floor panel

Two layers 5/8" Type X gypsum

' I I I I I
|
<>

Dropped ceiling

Tall Timber Assemblies

STC 52
lIC 46

STC 59
lIC 52

NA



LVT on 2” Concrete

Without Dropped Ceiling

Minimum 1" noncombustible material

Tall Timber Assemblies

Mass timber floor panel

Without Dropped Ceiling

' I I I I I
|
<>

Minimum 1" noncombustible material

Mass timber floor panel

>

Two layers 5/8" Type X gypsum*

*Applicable to most locations; limited exposed mass timber permitted in IV-B

With Dropped Ceiling

Minimum 1" noncombustible material

Mass timber floor panel

Two layers 5/8" Type X gypsum

' I I I I I
|
<>

Dropped ceiling

STC53
lIC 52

STC 58
IIC 55

NA



Mass Timber Acoustics

A Solved Challenge?

Still exploring further tests:

New product assemblies

More dry systems (no poured
toppings)

Tall wood code-compliant floor
assemblies

Others — what challenges do you face
when designing mass timber for
acoustics? Let us know.

Are these resources helpful? Let us
know.
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Credit: Susan Jones, atelierjones
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