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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. 

Course Description



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.

Learning Objectives



Beyond the 50



Acoustics Design Topics - Agenda

1. Principles of Acoustics Design
2. Code Requirements and Owner Expectations
3. Tested Assemblies & Calculated Performance
4. Interior Noise – Reverberation
5. Exterior Noise Control
6. Light-Frame Walls / Mass Timber Walls 
7. Light-Frame Floors / Mass Timber Floors
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Acoustical Design

Types of noise to control:
Exterior to interior



Acoustical Design
Types of noise to control:
Noise within a space



Acoustical Design

Types of noise to control:
Interior to interior

Image credit: Eckert & Eckert 
Photography, GBD Architects



LOUD NESS COMPARISO N CHART (dBA)

11 0

1 0 0

9 0

8 0

7 0

6 0

5 0

4 0

3 0

2 0

1 0

0

N oise Level
(dBA)

Rock BandJet Fly-over at 1000 ft

C ommon O utdoor
Activities

C ommon Indoor
Activities

Food Blender at 3 ft

G arbage Disposa l at 3 ft

Vacuum C leaner at 10 ft

N orma l Speech at 3 ft

Large Business O ffice

Dishwasher N ext Room

Library

C oncert H a ll (Background)
Bedroom at N ight,

Large C onference Room (Background)
Theater,

Broadcast/Recording Studio

Lowest Threshold of Human Hearing

G as Lawn Mower at 3 ft

Diesel Truck at 50 ft at 50 mph

G as Lawn Mower at 100 ft
N oisy Urban Area , D aytime

C ommercia l Area
Heavy Traffic at 300 ft

Q uiet Urban, D aytime

Q uiet Urban, N ighttime

Q uiet Suburban, N ighttime

Q uiet Rura l, N ighttime

Lowest Threshold of Human Hearing

A n i n c r e a s e o f 3 d B A is b a r e l y p e r c e p t i b l e t o t h e h u m a n e a r.

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

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



Acoustical Design



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



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



Acoustics Design Topics - Agenda

1. Principles of Acoustics Design
2. Code Requirements and Owner Expectations
3. Tested Assemblies & Calculated Performance
4. Light-Frame Floors & Walls
5. Mass Timber Floors & Walls



Acoustical Criteria
IBC 1207

Code requirements only address residential occupancies:

For unit to unit or unit to public or service 
areas:

Min. STC of 50 (45 if field tested):
• Walls, Partitions, and Floor/Ceiling 

Assemblies

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



Acoustical Criteria



Acoustical Criteria



Acoustical Criteria

Addresses items such as:
• HVAC background noise
• Exterior noise
• Reverberation time

LEED has acoustics criteria for specific occupancies:
Schools:

Healthcare:

Addresses items such as:
• Speech privacy
• Background noise



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

Acoustical Criteria



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



Acoustics Design Topics - Agenda
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Acoustical Detailing
Sources of acoustically tested assemblies:
• Gypsum product manufacturers literature

Source: USGSource: GP



Acoustical Detailing
Sources of acoustically tested assemblies:
• Insulation product manufacturers literature

Source: Owens Corning

Source: CertainTeed



Acoustical Detailing
Sources of acoustically tested assemblies:
• Acoustical product manufacturers 

literature

Source: Pliteq

Source: Maxxon

Source: AcoustiTech



Acoustical Detailing
Sources of acoustically tested assemblies:
• Industry associations: AWC, APA, others

Source: APA

Source: AWC



Acoustical Detailing
Sources of acoustically tested assemblies:
• Other industry associations

Source: GA
Source: HUD

Source: CA DoH



Acoustical Detailing

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

It depends…

Source: SBCA



Acoustical Detailing

2018 IBC now allows engineering analysis based on comparisons



Acoustical Detailing

2018 IBC now allows engineering analysis based on comparisons

Alternatively, the sound transmission class of walls, partitions 
and floor-ceiling assemblies shall be established by 
engineering analysis based on a comparison of walls, 
partitions and floor-ceiling assemblies having sound 
transmission class ratings as determined by the test 
procedures set forth in ASTM E90.



Acoustics Design Topics - Agenda

1. Principles of Acoustics Design
2. Code Requirements and Owner Expectations
3. Tested Assemblies & Calculated Performance
4. Light-Frame Floors & Walls
5. Mass Timber Floors & Walls



Understanding 
Acoustical 
Detailing



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

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



Acoustical Detailing

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

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



Acoustical Detailing

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

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



Acoustical Detailing

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

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



Light-frame wood floor 
acoustics – STC & IIC

Acoustical Detailing



Acoustical Detailing
Adding Mass:
Gypsum Wall Board 

1 Layer Ceiling 2 Layer Ceiling



Lightweight concrete topping 
or other similar materials can 
provide improved acoustical 
performance, increased 
durability

Image credit: Maxxon

Acoustical Detailing



Acoustical Detailing

Without concrete topping With concrete topping

Adding Mass:
Concrete or gypsum topping



Acoustical Detailing

Adding Noise Absorbers:
Batt Insulation

Without insulation With insulation



Acoustical Detailing

Image credit: Pliteq

Add Decouplers:
Acoustical mat - typically installed 
between subfloor and topping or flooring. 
Can use multiple decoupling layers in 
sandwich assembly



Acoustical Detailing

W/O acoustical mat

Image credit: Maxxon



Acoustical Detailing

W/O acoustical mat

Image credit: Maxxon

W/ acoustical mat



Acoustical Detailing
Decouple:
Resilient Channels

Without resilient channels With resilient channels



Acoustical Detailing
STC ratings – low to mid 60’s achievable



Acoustical Detailing

Floor finish has a 
significant impact 

on IIC rating



Acoustical Detailing

Light-frame wood wall acoustics - STC



Acoustical Detailing
STC ratings – low to mid 60’s achievable



Acoustical Detailing

Adding Mass:
Gypsum wall Board 

1 Layer wall 2 Layer wall



Acoustical Detailing
Adding Noise Absorbers:
Batt Insulation



Good Detailing + 
Good Installation =  
Good Performance

Acoustical Detailing



Acoustical Detailing

Resilient Channels

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



Acoustical Detailing

W/O RC

Decouple:
Resilient channels

W/ RC



Acoustical Detailing

Good Detailing + Good Installation = 
Good Performance

Open leg should be up on 
walls



Acoustical Detailing
My interior, acoustically rated wall also needs to be a 
shearwall
Can I add wood structural panels to an acoustically tested 
wall?

Yes, but 
placement is 
very important!



http://www.woodworks.org/ask-an-expert/





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



Acoustical Design
• Staggered stud wall condition:
• Blocking bridges finish on one side of wall to studs on 

opposite side, defeats purpose. 
• Solution: use flat blocking in wall (wide face against WSP)

Credit: WoodWorks



Sealants

Discontinuous topping at unit 
partition

Credit: USG

Acoustical Detailing



Acoustical Detailing
Finish Isolation

Credit: Pliteq



Outlet Placement
Acoustical Detailing



Acoustical Detailing
Door Placement



Acoustical Design Resource

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

Free resource at woodworks.org



Acoustics Design Topics - Agenda

1. Principles of Acoustics Design
2. Code Requirements and Owner Expectations
3. Tested Assemblies & Calculated Performance
4. Light-Frame Floor & Walls 
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Photos: Baumberger Studio/PATH Architecture/Marcus Kauffman   |   Architect: PATH Architecture

Mass Timber: Structure Often is Finish



But by Itself, Not Adequate for Acoustics



Mass Timber Acoustics



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

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

Mass Timber Acoustics

Image credit: Christian Columbres



Concrete Slab:
6” Thick
80 PSF
STC 53

CLT Slab:
6-7/8” Thick
18 PSF
STC 41

Mass Timber Acoustics



Mass Timber Acoustics



Acoustical Mat:
• Typically roll out or board 

products
• Thicknesses vary: Usually 
¼” to 1”+ 

Mass Timber Acoustics

Image credit: Maxxon



Mass Timber AcousticsMass 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
• WSP (if applicable)
• Mass timber floor panels

Image credit: AcoustiTECH

Mass Timber Acoustics



Mass Timber Acoustics

To Help Designers Navigate Options for Mass 
Timber Acoustically Tested Assemblies, 
WoodWorks Created 2 New Resources



Mass Timber Acoustics

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

Solutions Paper

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


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

Inventory of Tested Assemblies

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


More than 430 Tested Assemblies
http://bit.ly/mass-timber-assemblies

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


Mass Timber Acoustics Inventory

CLT Panel

Acoustical Product

No Direct Applied or Hung Ceiling

Finish Floor if Applicable

Concrete/Gypsum Topping

CLT Panel

Acoustical Mat Product

No direct applied or hung ceiling

Finish Floor if Applicable

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

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



CLT Wall Panel

Left Side Finish

Right Side Finish

Table 6: Single CLT Wall

Mass Timber Acoustics Inventory

NLT Wall Panel

Left Side Finish

Right Side Finish

Between CLT Panels

Left Side CLT + Finish

Right Side CLT + Finish

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



 2 

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

 

 
 

CLT Panel Concrete/Gypsum 
Topping 

Acoustical Mat Product Between CLT and Topping Finish Floor STC1 IIC1 Source 

CLT 5-ply 
(6.875”) 

1-1/2” Gyp-Crete®  

Maxxon Acousti-Mat® 3/4 

None 472 ASTC 472 AIIC 

1 

LVT - 492 AIIC 
Carpet + Pad - 752 AIIC 
LVT on Acousti-Top®  - 522 AIIC 
Eng Wood on Acousti-
Top® - 512 AIIC 

Maxxon Acousti-Mat® ¾ Premium 
None 492 ASTC 452 AIIC 
LVT - 472 AIIC 
LVT on Acousti-Top® - 492 AIIC 

 

1-1/2” Levelrock® 
Brand 2500 

USG SAM N25 Ultra 

None 456 396 15 
LVT 486 476 16 
LVT Plus 486 496 58 
Eng Wood 476 476 59 
Carpet + Pad 456 676 60 
Ceramic Tile 506 466 61 

Soprema® Insonomat 

None 456 426 15 
LVT 486 446 16 
LVT Plus 486 476 58 
Eng Wood 476 456 59 
Carpet + Pad 456 716 60 
Ceramic Tile 506 466 61 

USG SAM N75 Ultra 

None 456 386 15 
LVT 486 476 16 
LVT Plus 486 496 58 
Eng Wood 476 496 59 

 

Concrete/Gypsum Topping

CLT Panel

Acoustical Mat Product

No direct applied or hung ceiling

Finish Floor if Applicable

Read the Footnotes

MT Acoustics Inventory
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Table 1 Continued: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed 
 

CLT Panel Concrete/Gypsum 
Topping 

Acoustical Mat Product Between CLT and Topping Finish Floor STC1 IIC1 Source 

CLT 5-ply 
(5.1875”) 

2” concrete 0.1 mm polyethylene sheeting on 10 mm Tar Boards 

None 47 35 

68 Laminate floor on 3 mm 
AcoustiTECH Premium 
Felt Membrane 

42 45 

 

2-3/4” concrete 

1” Regupol SonusWave 

None 

56 46 

3 

1” Regupol SonusWave (under concrete) + Fermacell 2E31 (on 
topping) - 52 

1.25” Roxul ComfortBoard IS 57 45 
1.25” Roxul ComfortBoard IS (under concrete) + AcoustiTECH 
Premium (on topping) LVT - 51 

 

2-3/4” cement 
mortar 

½” Insonomat 
None 

56 45 
68 

½” Insonomat on 10 mm Tar Boards 58 47 
 

2-3/4” concrete 
Roxul ComfortBoard IS, 1.25” (under concrete) + Roberts Soft 
Stride (on topping) LVT - 51 3 

 
CLT 7-ply 
(9.875”) 1-1/2” concrete 0.35” (9 mm) closed-cell foam None 56 44 20 

 
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. 

2. ASTC field tests performed in accordance with ASTM E 336. AIIC field tests performed in accordance with ASTM E 1007. 
3. IIC 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.  
4. FSTC field test performed in accordance with ASTM E 336. AIIC field test not performed in accordance with ASTM E 1007 (inadequate number of measurements). 
5. STC and IIC noted is a prediction based on the ISO 15712-1 prediction method as noted in the referenced test report. 
6. 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. 
7. Actual thickness of CLT in this test was 6.3” (160 mm) 
8. Assemblies included in the 1st 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.  
9. STC and IIC noted is a based on the ISO 12354 model as noted in the referenced manufacturer’s literature 



Image credit: Structure Fusion

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

MT Acoustics Inventory



New Tall Timber Opportunities

Credit: Susan Jones, atelierjones



Tall Timber Assemblies
Without Dropped Ceiling

CONCEALED SPACES: TYPE IV-A AND TYPE IV-B

Two layers 5/8" Type X gypsum*

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

Mass timber !oor panel

Minimum 1" noncombustible material

With Dropped Ceiling

Two layers 5/8" Type X gypsum

Mass timber !oor panel

Minimum 1" noncombustible material

Dropped ceiling

STC 50
IIC 40

1” Bare Gypsum (no finish floor)

Without Dropped Ceiling

CONCEALED SPACES: TYPE IV-A AND TYPE IV-B

Two layers 5/8" Type X gypsum*

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

Mass timber !oor panel

Minimum 1" noncombustible material

With Dropped Ceiling

Two layers 5/8" Type X gypsum

Mass timber !oor panel

Minimum 1" noncombustible material

Dropped ceiling

STC 52
IIC 46

STC 63
IIC 60



Without Dropped Ceiling

CONCEALED SPACES: TYPE IV-A AND TYPE IV-B

Two layers 5/8" Type X gypsum*

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

Mass timber !oor panel

Minimum 1" noncombustible material

With Dropped Ceiling

Two layers 5/8" Type X gypsum

Mass timber !oor panel

Minimum 1" noncombustible material

Dropped ceiling

STC 51
IIC 43

LVT on 1” Gypsum

Without Dropped Ceiling

CONCEALED SPACES: TYPE IV-A AND TYPE IV-B

Two layers 5/8" Type X gypsum*

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

Mass timber !oor panel

Minimum 1" noncombustible material

With Dropped Ceiling

Two layers 5/8" Type X gypsum

Mass timber !oor panel

Minimum 1" noncombustible material

Dropped ceiling

STC 52
IIC 48

STC 63
IIC 63

Tall Timber Assemblies



Tall Timber Assemblies
Without Dropped Ceiling

CONCEALED SPACES: TYPE IV-A AND TYPE IV-B

Two layers 5/8" Type X gypsum*

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

Mass timber !oor panel

Minimum 1" noncombustible material

With Dropped Ceiling

Two layers 5/8" Type X gypsum

Mass timber !oor panel

Minimum 1" noncombustible material

Dropped ceiling

STC 52
IIC 46

2” Bare Concrete (no finish floor)

Without Dropped Ceiling

CONCEALED SPACES: TYPE IV-A AND TYPE IV-B

Two layers 5/8" Type X gypsum*

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

Mass timber !oor panel

Minimum 1" noncombustible material

With Dropped Ceiling

Two layers 5/8" Type X gypsum

Mass timber !oor panel

Minimum 1" noncombustible material

Dropped ceiling

STC 59
IIC 52

NA



Tall Timber Assemblies
Without Dropped Ceiling

CONCEALED SPACES: TYPE IV-A AND TYPE IV-B

Two layers 5/8" Type X gypsum*

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

Mass timber !oor panel

Minimum 1" noncombustible material

With Dropped Ceiling

Two layers 5/8" Type X gypsum

Mass timber !oor panel

Minimum 1" noncombustible material

Dropped ceiling

STC 53
IIC 52

LVT on 2” Concrete

Without Dropped Ceiling

CONCEALED SPACES: TYPE IV-A AND TYPE IV-B

Two layers 5/8" Type X gypsum*

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

Mass timber !oor panel

Minimum 1" noncombustible material

With Dropped Ceiling

Two layers 5/8" Type X gypsum

Mass timber !oor panel

Minimum 1" noncombustible material

Dropped ceiling

STC 58
IIC 55

NA



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.

Credit: Susan Jones, atelierjones

Mass Timber Acoustics



This concludes The American Institute 
of Architects Continuing Education 
Systems Course

QUESTIONS?

Ricky McLain, PE, SE

WoodWorks – Wood Products Council

Ricky.mclain@woodworks.org

802.498.3310

Image credit: LEVER Architcture

http://woodworks.org
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