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Presenter

—
Simon Edwards, MEng, PEng

* Specialty in Building Acoustics at HGC Noise Vibration Acoustics
* Mass Timber Team Lead

* Interior Building Acoustics (Design/Construction/Testing)

* Exterior Building Acoustics (Planning Studies/Balcony Noise)




Intro to Acoustics
* Measurements and Descriptors
* MT Direct Transmission

* MT Flanking Transmission

* Other MT Considerations



Intro to Acoustics
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* Sound is measured in Decibels (dB)

sound levels (decibels)

* Quiet House — 30 dB bz
true sound

e Normal conversation-60 dB

* Alawnmower-90 dB

fireworks at 1 meter intolerable

jackhammer at source threshold of pain

* Arock concertor ajet engine-120 dB pessig LS i o o
R passing motorcycle (2 meters) repaatac Buponye
* A gunshot or firecracker-140 dB shouted conversation SRRl hearing damage from
vacuum cleaner SRl prolonged exposure

normal conversation
moderate rainfall

moderate to quiet

Gun shot is 100,000,000,000 times more powerful quiet household room
. o e “silent” libra
than a quiet house. This is why we use a log scale ot

normal breathing
limit of hearing (theoretical)

threshold of hearing



Intro to Acoustics

Sound Frequencies e

Sound Pressure
Sound Pressure

Low Frequency High Frequency

" Time | | | " Time



Intro to Acoustics
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* Graphing Sound Level vs. Time

* Combining multiple frequencies creates
more complex waveform over time

Sound Pressure

Multiple Frequencies

" Time
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frequencies, each with a sound level

* Graphing Sound Level vs. Frequency
e All narrowband levels combine to
overall level

 Narrowband = Thousands of
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Octave Band Sound Level [dB]

100

80

60

40

20

Intro to Acoustics

63 125 250 500 1k 2k 4k 8k dBA
Frequency [Hz]

\

* Graphing Sound Level vs. Frequency

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

 Similarly, all octave band levels
combine to overall level



Intro to Acoustics

* A-weighted Sound (dBA);‘\

* Applies a filter based on how human ear hears frequencies
* Used as an ‘overall’ sound level

10

-10 G :
-20 -//,/,

-30 ‘/,/'

-40 ///,

-50

Weighting [dB]

T
-
-

31
63
125 1
250
500
2k
4k
8k 1
16 k

Frequency [Hz]



Intro to Acoustics

S S
—_—

* Logarithmic scale (Log,,) to reflect human perception of hearing

Linear Scale Logarithmic Scale

. 5BEEEEEES

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

* l.e.,, 50 dBA + 50 dBA =53 Dba; 53 dBA + 50 dBA = 55 dBA
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 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
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* How does sound travel?

e Airborne sound: sound from source
through air

 Talking or music, machine noise

Airborne sound Structure-borne sound

* 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

Airborne and Structure-Borne sound
Structure-Borne only (enclosed unit)
Airborne only (isolated unit)

© o0 v

Neither (isolated and enclosed)
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* For every demising assembly (with four junctions), there are 12
different flanking paths:
* E.g. for a demising wall assembly at the floor:
* Floorec to Floorgcyr
* Floorezc to Wallgqyr
* Wallgy to Floorge s

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



Measurements and Descriptors




Measurements and Descriptors

‘

* (Apparent) Sound Transmission Class (STC/ASTC):
* Single-integer rating
 Standardized test method (per ASTM E336 - ASTQ)
* 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
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Typical IBC STC Minimum Requirements

e Either a design STC rating of 50 stCs7 |
* As tested in the lab (no flanking) ' ranemetion - ASTC 43

Flanking via
subfloor and joists

~

OR

* An NNIC rating of 45 if field-tested for the
“separating assembly and adjoining
constructions” boara to walisuriaces |12
* As tested in the field (includes flanking)

LN00009.0.990,
=




Measurements and Descriptors

Example:
P ASTM E413: Calculation of STC Rating
70 ————————————
- Measured Data
60 | [=*=STC Contour T
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Copyright NRC Canada, used with permission



Measurements and Descriptors

Example. ASTM E413: Calculation of STC Rating

70 l ] L] T T T T E IIIII ; IE I ()
—=—Measured Data
60: M= =5TC Contour |seswnmdmmmsmess it bl

Transmission Loss [

63 125 250 500 1k 2k 4k
Frequency [Hz]

Copyright NRC Canada, used with permission




Measurements and Descriptors

 Impact Insulation Class (I1C):

* Single-integer rating | source Room |
 Standardized test method (per ASTM E1007)

Tapping Machine
 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) («@»))

(Recelvlng Room W




Measurements and Descriptors

\

Typical IBC IIC Minimum Requirements

* Either a design IIC rating of 50
* As tested in the lab (no flanking) v o ools é(\}r h | o

OR

* An NISR rating of 45 if field-tested for the ( )g\ ( )

“separating assembly and adjoining
L |

constructions”
* As tested in the field (includes flanking) ((




Measurements and Descriptors

e Limitations: \

* Assumes flawless construction of assembly (unless field-tested)

Single top plate - / 15" plywood connecting intenor and exterior walls

2x4 structural stud wall ——_ o

at24” oc. \ 2x3 frame wall

Latex paint on %" gypsum | 3 fiberboard

board plywood, OS8
of gypsum
sheathing

- Buliding paper,

housewrap or

3%, cellulose insulation ——— \ building wrap

\ - Furning strips

11;” plywood of OSB ————— i

with joints taped H

4'1;" space batween - - - Cladding

sheathing and offset 5

framing x

Cellulose ——— ;

insulation at

rim joist

Cellulose cavity insulation —




Measurements and Descriptors
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* Limitations:
* Assumes flawless construction of assembly (unless field-tested)
* Limited range of frequencies (e.g., STC does not include below 125 Hz)

ASTM E413: Calculation of STC Rating

70
—=—Measured Data
~e—STC Contour :

8

& 8

Transmission Loss [dB)
<]

o 8
o

63 125 250 500 1k 2k 4k
Frequency [Hz)]




Measurements and Descriptors
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* 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., STCvs R,,)




Measurements and Descriptors
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* 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., STCvs R,,)

* Leaves out frequency details that vary from wall to wall

STC of 2 Walls Compared
Ir this graph, higher is befter. 50

40

a0

Transmission Loss (dB)

20

Low frequency
problems

Wsto=az P 5TC=42

....................
nnnnnnnnnnnnnnnnnnnnn
nnnnnnnnnnnnnnnnnnnnn
mmmmmmmmmmmmmmmmmm
mmmmmmmm




Measurements and Descriptors

e

* 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., STCvs R,,)

* Leaves out frequency details that vary from wall to wall I

e Limitations:

LIC 72/S1C 70 RATING

SUPERIOR /\L()US i 1C I’AD

* Leaves out details from individual components

* EXCELLENT FOR ALL FLOATING LAMINATES & ENGINEERED WOOD FLOORS
* HIGH NOISE REDUCTION RATINGS 11C 72/5TC 70

* DRAMATICALLY REDUCES TRAFFIC NOISE AND IMPACT SOUND

* MOISTURE PROOF TECHNOLOGY - NO ADDITIONAL PLASTIC REQUIRED

* SUITABLE FOR USE OVER CONCRETE AND WOOD SUB-FLOORS

* IDEAL FOR RADIANT HEAT FLOORING

* STATE OF THE ART TECHNOLOGY PRODUCES THE HIGHEST PERFORMANCE
INSTALLATION

* EXCEEDS UNIFORM BUILDING CODE (UBC) REQUIREMENTS

- UNROL IC
!‘MM T'I'I!'L k. * NON-ALLERGENIC . PLUS MOULD AND MILDEW RESISTANT “ - :\ s Nen

I\Illll 1\1

l | HN Il UNE (I
* FOR BOTH COMMERCIAL AND RESIDENTIAL INSTALLATIONS

PAL ™
\lll
* 3MM THICK
* ROLL SIZE: 200 SF/ROLL
71860 Y o122 "o




MT Direct Transmission




MT Direct Transmission
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* 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)
e 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

e
e

* Pliteq A

 AcoustiTECH WOODWORKS

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

 Start with direct sound transmission
* Available test data from (among others):




MT Direct Transmission

* Wet vs. Dry Build-ups

Finish Floor if Applicable

—

Concrete/Gypsum Topping

Acoustical Mat Product

CLT Panel

Mo direct applied or hung ceiling

Finish Floor if Applicable

Acoustical Product

CLT Panel

—— 11 [ [ T 1 §T°1 /7 7011

(L vy T 1 ¥1 ¥ 7 §0 JT1 §7 ¥ T7 T 0 TV P71 §0 T7 17 T1

Mo Direct Applied or Hung Ceiling




MT Direct Transmission

* Wet vs. Dry Build-ups

Can meet STC-50+/11C-50+ (direct)
with either option!

However, further relevant
discussion on lateral flanking...

MASS TIMBER | ENGINEERED WOOD | INSONOFLOOR
(SOPREMA), 1“1/2 CONCRETE TOPPING, INSONOMAT

SOFIX, 5/8" PLYWOOD, 1/2" PLYWOOD, ACOUSTITECH

LEAD 6 | NAILED DOWN (SOPREMA) | FLOATING
- Acoustic performance

Acoustlc‘performance AlIC: 47 a 51

by ASTC: 53 2 55

ASTC: 53 a 56

MASS TIMBER | ENGINEERED WOOD | ACOUSTITECH

More details



MT Direct Transmission

‘TC 51 IIC 50

Base Structure

5-Ply Cross
Laminated Timber
(5-PlyCLT) - 175
mm (6 7/8 in)

* Wet vs. Dry Build-ups

Labaratory
Intertek /ATl York

Can meet STC-50+/11C-50+ (direct)
with either option!

Test Number

k5952.02-113-11-
o

STC52  1IC 52

However, further relevant
discussion on lateral flanking...

Base Structure

5-Ply Cross
Laminated Timber
(5-Ply CIT) - 175
mm (6 7/8 in)

Laboratory
Intertek/ATI York

Test Number

m5094.04-113-11-
r0

HIIC 57

Date Tested
02/05/2020

From Pliteq:

Cross-Section Detail

Standards
ASTM ESO
ASTM E492

HIIC 67 LIC55

Date Tested
06/30/2021

Standards
ASTM E90
ASTM E492

Cross-Section Detail

Components

Luxury Vinyl Tile/Plank

Pliteq GenieMat® RST02 =
Concrete Topping

Pliteq GenieMat® FF10 =

Cross Laminated Timber (5-Ply)

Components

Luxury Vinyl Tile/Plank

Pliteq GenieMat® RSTO5 +
GenieBoard 302 +
GenieBoard 301 +

Pliteq GenieMat® FF10 +

Cross Laminated Timber (5-Ply)

VIEW REPORT

SELECT

Measurements

5 mm (3/16 in)

2 mm (1/16 in)

51 mm (2 in)

10 mm (3/8 in)

175 mm (6 7/8 in)

VIEW REPORT SELECT

Measurements

5 mm (3/16 in)

5 mm (3/16 in)

25 mm (1 in)

20 mm (13/16 in)

10 mm (3/8 in)

175 mm (6 7/8 in)



MT Flanking Transmission




MT Flanking Transmission
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* For every demising assembly (with four junctions), there are 12
different flanking paths:

* E.g. for a demising wall assembly at the floor:
* Floorec to Floorgcyr
* Floorezc to Wallgqyr
* Wallgy to Floorge s

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



12 Flanking ASTCs

Direct (Lab) STC

*Note: R,, is like ASTC

(ISO vs ASTM Metrics)

N

MT Flanking Transmission

Overall ASTC




MT Flanking Transmission
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* 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 (K;)

STC; ST, min(ASTC;, ASTC;)
STC;; = 5 + : + K;; + max(ASTC;, ASTC;) + E

5
+ 10 - Iﬂgiﬂ el

l‘.n " Ei'j



MT Flanking Transmission
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* Low K; rating = lots of sound through that specific path
* High K; rating = minimal sound transmission through that path

Omit this part
for T-junction 1

A CLT-WC-Xa-01 Ff 1.1
i Wall-Ceiling e |

" - . h
X-junction .!,.rf ue Fd 10.5

2 —T T f

D *d

Df 10.5




MT Flanking Transmission
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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
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* Low K; rating = lots of sound through that specific path
* High K; rating = minimal sound transmission through that path

Omit this part
for T-junction 1

A CLT-WC-Xa-01 Ff 1.1
i Wall-Ceiling e |

" - . h
X-junction .!,.rf ue Fd 10.5

2 —T T f

D *d

Df 10.5




MT Flanking Transmission

100 100 440 440 440 440 440 100
I T 1

\

fiHz] 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150

K,, [dB] 195 215 196 17.0 17.5 14,7 191 210 208 193 222 232 226 204 198 199

Kiq = 19,9 dB Kis0 = 17,0 dB A4 =2,9dB



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

Transmission Loss [dB]

125 1680 200 280 s 400 500 B30 800 1000 1250 1600 000 2500 1ns0 4000

1/3 Octave Band Centre Frequency [Hz]



MT Flanking Transmission

50
&0
5
) o
= ~
P ASTC-51
a 40
= 50
% 4
5 q
E
= 3 3
o 40
—
l% 3
2 E
Ll i}
2
10
0 i
125 160 200 8
i
128 160 200 250 35 400 BO0 B30 B0 1000 1250 1600 2000 2500 FiB0 4000

1/3 Octave Band Cenire Frequency [Hz]



MT Flanking Transmission

&0
50
&0 ASTC-50
50
o
=1 6
2w )
- 5O 3
g é
& o E ]
& = 5
0 2 . &
3 £ 4
20 g :
L]
2
10
20
1
0
125 180 200 25 10 0
15 400 500 830 00 1000 1250 1600 2000 2500 3150 4000
1/3 Octave Band Cenftre Frequency [Hz)]
; B ;

125 180 200 250 W5 400 B0 B30 BOD 1000 1250 1600 2000 2500 3180 4000

1/3 Octave Band Cenire Frequency [Hz]



MT Flanking Transmission

Transmission Loss [dB]

125

Transmission Loss [dB]

™m

40

20

125 180 200 250 W5

Transmission Loss [dB]

400 B0 B30 BOD 1000 1250

35

Transmission Loss [dB]

13 Octave L. ...

126 160 200 250 M5 400 500 B30 B0 1000 1250 1600 2000 2500 360 4000

1/3 Octave Band Cenire Frequency [Hz]

B —

1/3 Octave Band Cenire Frequency [Hz]

1600 2000 2500

3180 4000



MT Flanking Transmission
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* Low K; rating = lots of sound through that specific path
* High K; rating = minimal sound transmission through that path

Omit this part
for T-junction 1

A CLT-WC-Xa-01 Ff 1.1
i Wall-Ceiling e |

" - . h
X-junction .!,.rf ue Fd 10.5

2 —T T f

D *d

Df 10.5




MT Flanking Transmission

« QOutstanding questions: e

* How does the Kij of continuous CLT change with the isolated concrete topping?
* Does a dry build-up provide a similar Kij difference?
* Does aroof build-up provide a similar Kij difference?
* How does 3-ply CLT affect the delta Kijs?

Future testing is planned shortly!




MT Flanking Transmission
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* Ceiling-to-ceiling Kij Lab (NRC) and Field (HGC) testing* of continuous 5-ply CLT with:
* Isolated wet concrete topping above *Published paper to follow Kij testing
* Isolated dry topping above

* Upcoming Testing:

* No topping above

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

* ASTCtesting with continuous 3-ply CLT and NLT
with wet concrete topping above

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




Other MT Considerations




Other MT Considerations
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* Exposed demising wall or exterior wall CLT panels

100 100 440 440 440 440 440 100
i B e - T _— T T 1

— -} e
R | 100
| 111 |11 BEE | 11 L1 | |
| — | |
320 320
flHz] 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150
“1- [dB] 15,5 16.0 16,1 127 16.9 19,1 18.0 16,6 176 18.8 171 191 19.8 16,1 172.8 211

Ky = 17,6 dB Kiao = 13,3dB A4 =43dB



Other MT Considerations
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* Exposed demising wall or exterior wall CLT panels

* Laminating drywall to underside of CLT ~ Correct Wrong Wrong

Large air gaps
amplify sound,
lower STC rating




Other MT Considerations

S S

* Exposed demising wall or exterior wall CLT panels

* Laminating drywall to underside of CLT
* M&E vibration isolation of small piping/conduits g




Other MT Considerations
\

* Absorption benefits of Mass Timber:

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

* CLT slightly better than concrete or laminated GWB
* May still need some secondary absorption for large spaces with low reverberation targets



What did we discuss?

Intro to Acoustics

Measurements and Descriptors

MT Direct Transmission

MT Flanking Transmission
Other MT Considerations




Who is HGC Noise Vibration Acoustics?

One of North America’s largest
acoustical engineering firms

* Foundedin 1994

* 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.




Built Environment

We actively support
developers, planners,
architects and engineers in
addressing all issues
pertaining to noise, vibration
and acoustics within a
structure and in its
relationship to environmental
zones of influence nearby.

Industrial

We assist industries in every
business sector to complete
requirements for their
Environmental Compliance
Approvals. We conduct
accurate surveys to identify
all significant noise and
vibration sources associated
with large industrial facilities,
plants and operational
complexes.

Transportation

Whether rail, road or air,
transportation represents a
major potential source of
environmental noise and
vibration for neighboring
communities. We work with
all relevant stakeholders
conducting impact studies
and developing mitigation
solutions that facilitate the
approval process and alleviate
community concerns.

Defence & Security

Defence and Security related
technologies and support
systems represent potential
occupational noise and
vibration hazards for their
operators and the public at
large. We work with officials
to research and develop noise
abatement strategies and
solutions that alleviate
exposure Concerns.

Who is HGC Noise Vibration Acoustics?

Product R&D

We have partnered with
manufacturers across
multiple industries to
investigate and incorporate
effective acoustic best
practices into their product
design for greater consumer
preference and comfort.
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NOISE | VIBRATION | ACOUSTICS

Questions?

Simon Edwards, MEng, PEng
t: 1-833-205-7300
email: sedwards@hgcacoustics.com

www.acoustical-consultants.com

\

NOISE VIBRATION ACOUSTICS

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


mailto:ibonsma@hgcengineering.com
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