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• Sound is measured in Decibels (dB)

• Quiet House – 30 dB

• Normal conversation - 60 dB

• A lawnmower - 90 dB

• A rock concert or a jet engine - 120 dB

• A gunshot or firecracker - 140 dB

Gun shot is 100,000,000,000 times more powerful 
than a quiet house. This is why we use a log scale

Intro to Acoustics
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Intro to Acoustics
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Multiple Frequencies

• Graphing Sound Level vs. Time

• Combining multiple frequencies creates 
more complex waveform over time



Intro to Acoustics

• Graphing Sound Level vs. Frequency

• Narrowband = Thousands of 
frequencies, each with a sound level

• All narrowband levels combine to 
overall level



Intro to Acoustics

• Graphing Sound Level vs. Frequency

• Octave Bands = Typically 8 
frequencies, each with a sound level

• Similarly, all octave band levels 
combine to overall level



• A-weighted Sound (dBA): 

• Applies a filter based on how human ear hears frequencies

• Used as an ‘overall’ sound level

Intro to Acoustics



• Logarithmic scale (Log10) to reflect human perception of hearing

• I.e., 50 dBA + 50 dBA = 53 Dba; 53 dBA + 50 dBA = 55 dBA 

Intro to Acoustics



• Sound Power vs. Sound Pressure

• Lamp Analogy:

• Sound Power ≈ power of lightbulb

• Sound Pressure ≈ how bright where you’re standing

• *Sound pressure requires corresponding distance*

Intro to Acoustics



• How does sound travel?

Intro to Acoustics

• Airborne sound: sound from source 
through air 

• Talking or music, machine noise

• Structure-borne sound: sound from 
vibrational energy through structure

• Footsteps or weight drops, machine 
vibration



Intro to Acoustics

Music Box Demonstration

a. Airborne sound only

b. Airborne and Structure-Borne sound 

c. Structure-Borne only (enclosed unit)

d. Airborne only (isolated unit)

e. Neither (isolated and enclosed)



• For every demising assembly (with four junctions), there are 12 
different flanking paths:

• E.g. for a demising wall assembly at the floor: 

• FloorSRC to FloorRCVR

• FloorSRC to WallRCVR

• WallSRC to FloorRCVR

• Each path as the ability to single-handedly increase the overall 
sound transmission!

Intro to Acoustics



Measurements and Descriptors



• (Apparent) Sound Transmission Class (STC/ASTC):

• Single-integer rating

• Standardized test method (per ASTM E336 - ASTC)

• Airborne acoustical performance of a partition

• Noise Isolation Class (NIC):

• No corrections for reverberation and ambient

• Does not require minimum room dimensions

• NNIC corrects for a normalized reverberation (0.5s)

Measurements and Descriptors



Typical IBC STC Minimum Requirements

• Either a design STC rating of 50 

• As tested in the lab (no flanking)

  OR

• An NNIC rating of 45 if field-tested for the 
“separating assembly and adjoining 
constructions”

• As tested in the field (includes flanking)

Measurements and Descriptors



Example:

Measurements and Descriptors

Copyright NRC Canada, used with permission



Example:

Measurements and Descriptors

Copyright NRC Canada, used with permission



• Impact Insulation Class (IIC):

• Single-integer rating

• Standardized test method (per ASTM E1007)

• Structure-borne acoustical performance of a partition

• Impact Sound Rating (ISR):

• No corrections for reverberation and ambient

• Does not require minimum room dimensions

• NISR corrects for a normalized reverberation (0.5s)

Measurements and Descriptors



Measurements and Descriptors

Typical IBC IIC Minimum Requirements

• Either a design IIC rating of 50 

• As tested in the lab (no flanking)

  OR

• An NISR rating of 45 if field-tested for the 
“separating assembly and adjoining 
constructions”

• As tested in the field (includes flanking)



• Limitations:
• Assumes flawless construction of assembly (unless field-tested)

Measurements and Descriptors



• Limitations:
• Assumes flawless construction of assembly (unless field-tested)

• Limited range of frequencies (e.g., STC does not include below 125 Hz)

Measurements and Descriptors



• Limitations:
• Assumes flawless construction of assembly (unless field-tested)

• Limited range of frequencies (e.g., STC does not include below 125 Hz)

• Location-dependent descriptors (e.g., STC vs Rw)

Measurements and Descriptors

vs



• Limitations:
• Assumes flawless construction of assembly (unless field-tested)

• Limited range of frequencies (e.g., STC does not include below 125 Hz)

• Location-dependent descriptors (e.g., STC vs Rw)

• Leaves out frequency details that vary from wall to wall

Measurements and Descriptors



• Limitations:
• Assumes flawless construction of assembly (unless field-tested)

• Limited range of frequencies (e.g., STC does not include below 125 Hz)

• Location-dependent descriptors (e.g., STC vs Rw)

• Leaves out frequency details that vary from wall to wall

• Leaves out details from individual components

Measurements and Descriptors



MT Direct Transmission



• Non-MT Buildings typically have:

• High Direct STC

• Dropping ceilings and/or wall protection 

• Less vibration transmission through junctions (from very 
thick concrete or interrupted GWB)

• MT Buildings typically have:

• As much exposed wood as possible

• High vibration transmission through continuous CLT panels

• Low IIC (like other lightweight structures)

MT Direct Transmission



• Start with direct sound transmission

• Available test data from (among others): 

• Pliteq

• AcoustiTECH

• Maxxon

• Woodworks Guide is an *excellent* resource for direct sound 
transmission

MT Direct Transmission



• Wet vs. Dry Build-ups

MT Direct Transmission



• Wet vs. Dry Build-ups

Can meet STC-50+/IIC-50+ (direct) 
with either option!

However, further relevant 
discussion on lateral flanking… 

MT Direct Transmission

From AcousiTECH:



• Wet vs. Dry Build-ups

Can meet STC-50+/IIC-50+ (direct) 
with either option!

However, further relevant 
discussion on lateral flanking… 

MT Direct Transmission

From Pliteq:



MT Flanking Transmission



• For every demising assembly (with four junctions), there are 12 
different flanking paths:

• E.g. for a demising wall assembly at the floor: 

• FloorSRC to FloorRCVR

• FloorSRC to WallRCVR

• WallSRC to FloorRCVR

• Each path as the ability to single-handedly tank the ASTC!

MT Flanking Transmission



MT Flanking Transmission

Overall ASTC
*Note: Rw is like ASTC 
(ISO vs ASTM Metrics)

Direct (Lab) STC

12 Flanking ASTCs



• Generally, calculating a Flanking ASTC Depends on: 

a. Geometrical dimensions of the room

b. Direct Lab STC of the Flanking Element 

c. Any lining of flanking elements (e.g., dropped ceilings, wall partitions, floor toppings)

d. Vibration Reduction Index (Kij)

 ^This is the amount of vibration which travels across a specific junction

MT Flanking Transmission



• Low Kij rating = lots of sound through that specific path

• High Kij rating = minimal sound transmission through that path

MT Flanking Transmission



In the context of Mass Timber

• This means you can avoid calculating flanking if: 

• Wall have drywall finish interrupted by floor/ceiling

• Ceiling have drywall finish interrupted by walls

• Floor have plywood/concrete floor interrupted by walls

This is the simple way…

MT Flanking Transmission



• Low Kij rating = lots of sound through that specific path

• High Kij rating = minimal sound transmission through that path

MT Flanking Transmission



MT Flanking Transmission



• We tested continuous 175 mm 5-ply CLT with an 
isolated concrete topping above and got… 

ASTC-52! Huh?

So, we went to more buildings…

MT Flanking Transmission



MT Flanking Transmission



MT Flanking Transmission



MT Flanking Transmission



MT Flanking Transmission



• Low Kij rating = lots of sound through that specific path

• High Kij rating = minimal sound transmission through that path

MT Flanking Transmission



• Outstanding questions:

• How does the Kij of continuous CLT change with the isolated concrete topping?

• Does a dry build-up provide a similar Kij difference?

• Does a roof build-up provide a similar Kij difference?

• How does 3-ply CLT affect the delta Kijs?

Future testing is planned shortly!

MT Flanking Transmission



• Upcoming Testing:

• Ceiling-to-ceiling Kij Lab (NRC) and Field (HGC) testing* of continuous 5-ply CLT with:

• Isolated wet concrete topping above

• Isolated dry topping above

• No topping above

MT Flanking Transmission

• ASTC testing with continuous 5-ply CLT with roof 
assembly above

• ASTC testing with continuous 3-ply CLT and NLT 
with wet concrete topping above

*Published paper to follow Kij testing

In partnership with McCallumSather, R-hauz (Assembly Corp), Pliteq



Other MT Considerations



• Exposed demising wall or exterior wall CLT panels 

Other MT Considerations



• Exposed demising wall or exterior wall CLT panels 

• Laminating drywall to underside of CLT

Other MT Considerations

Wrong WrongCorrect

Large air gaps 
amplify sound, 
lower STC rating



• Exposed demising wall or exterior wall CLT panels

• Laminating drywall to underside of CLT

• M&E vibration isolation of small piping/conduits

Other MT Considerations



• Absorption benefits of Mass Timber:

• CLT slightly better than concrete or laminated GWB

• May still need some secondary absorption for large spaces with low reverberation targets

Other MT Considerations

Material 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz

Mass Timber 0.13 0.09 0.08 0.06 0.06 0.07

Concrete 0.01 0.01 0.02 0.02 0.02 0.05

Gypsum Board on solid backing 0.03 0.03 0.02 0.03 0.04 0.05

Plasterboard on studs, 100 mm airspace with insulation 0.08 0.11 0.05 0.03 0.02 0.03



What did we discuss?

• Intro to Acoustics

• Measurements and Descriptors

• MT Direct Transmission

• MT Flanking Transmission

• Other MT Considerations

Wrap-up



• One of North America’s largest 
acoustical engineering firms

• Founded in 1994 

Who is HGC Noise Vibration Acoustics?

• Headquartered in Toronto, Ontario

• One of the most tightly regulated jurisdictions in 
North America with regards to noise.

• Additional offices in Dallas, Texas; Calgary, 
Alberta; and Montreal, Quebec.



Who is HGC Noise Vibration Acoustics?



Questions?

Simon Edwards, MEng, PEng
t:  1-833-205-7300 

email: sedwards@hgcacoustics.com 

www.acoustical-consultants.com

This concludes The American Institute of Architects Continuing Education Systems Course.

mailto:ibonsma@hgcengineering.com
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