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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
AlIA members. Certificates of Completion
for both AIA members and non-AIA
members are available upon request.

This course is registered with AIA 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
AlA 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

In addition to visual appeal, the relative light weight of an exposed timber
structure is a driving factor for the use of mass timber in many buildings.
However, mass of structure has an impact on two design criteria that often
dictate assembly thickness and floor build-up components: acoustics and
vibration. This presentation will present design processes and resources available
to designers to aid in the minimization of noise and vibration-related complaints
in mass timber buildings. The first portion will review options for mass timber
floor/ceiling and wall assemblies from a new inventory of acoustically-tested
mass timber assemblies created by WoodWorks. Vibration design parameters
and strategies will then be discussed, followed by a preview of a document in
development that will provide designers with a complete set of vibration design
methods and examples.



Learning Objectives

1. Highlight the fundamental differences between mass timber and other
construction materials in terms of their acoustical performance.

2. Review acoustically-tested mass timber assemblies and resources available to
designers.

3. Review floor vibration design parameters through a systems rather than
product-based approach.

4. Demonstrate methods of designing mass timber floors for vibration and
highlight appropriate design methods for different system characteristics.



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
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Acoustical Design

Structure-borne sound:

Impact Insulation Class (IIC)

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




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

25 MNormal speech can be understood quite easily and distinctly through wall

30 Loud speech can be understood fairly well, normal speech heard but not understood

39 Loud speech audible but not intelligible

40 Onset of "privacy”

42 Loud speech audible as a murmur

45 Loud speech not audible; 90% of statistical population not annoyed

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 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 barriers
3. Add decouplers
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Acoustical Detailling

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

What does this look like in typical wood-frame
construction:
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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
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Mass Timber: Stucture Often i1s Finish
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But by Itself, Not Adequate for Acoustics




Mass Timber Acoustics

TABLE 1:
Examples of Acoustically-Tested Mass Timber Panels

Mass Timber Panel Thickness STC Rating liC Rating
3-ply CLT wall* 3.07 33 N/A
5-ply CLT wall* 6.875" 38 INSA
5-ply CLT floor® 5.187%' 39 22
S-phy CLT floor? 6.875" 41 20
7-ply CLT floor* 2.65 44 30

. 3-1/2" bare NLT 24 bara NLT
]
it 4-1/4" with 3/4" phywood 29 with 3/4" plywood N/A
. 5-1/2° bare NLT 22 bare NLT
b
SHR A B-1/4" with 3/4" plywood 31 with 3/4" plywood i
2x6 NLT floor + 1/2° plywood® 6" with 1/2° plywood 34 33

Source: Inventory of Acoustically-Tasted Mass Timbear Assemblies, WoodlWorks’



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
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Mass Timber Acoustics
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Mass Timber Acoustics

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

2. Add noise barners

—) ], Add mass
—) 3 Add decouplers

Finish Floor if Applicable

Concrete/Gypsum Topping

Acoustical Mat Product

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

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



Mass Timber Acoustics

Where can you find acoustically tested assemblies?

CLT Floors in CLT Handbook

End view of cross-section Floor detail FSTC | FlIC

1 = Carpet, or floating flooring about 2/5”
on 1/8” resilient underlayment of 0.16 to
0.37 Ib./ft.2

2 =At least 5.12 Ib./ft.2 dry topping, e.g. ~45 ~45
0.8-1” gypsum board, cement fibreboard

3 = Resilient underlayment, e.g. 2/5”
rubber mat of 0.84 Ib./ft.2 , 34" texture felt
of 0.27 Ib./ft.2 , /2" low density wood
fibreboard of 0.73Ib./ft.2

4 = 5-layer CLT of 6-7/8”

- Replace the dry topping by wet topping,
e.g. 1.5" concrete of at least 15.6 Ib./ft.2 ~50 ~50




Mass Timber Acoustics
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Mass Timber Acoustics

To Help Designers Navigate Options for Mass

Timber Acoustically Tested Assemblies,
WoodWorks Created 2 New Resources



Solutions Paper  1V1aSS Timber Acoustics
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http://www.woodworks.org/wp-content/uploads/wood_solution_paper-MASS-TIMBER-ACOUSTICS.pdf

Solutions Paper  1V1aSS Timber Acoustics
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Acoustically-Tested Mass Timber Assemblies
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http://bit.ly/mass-timber-assemblies
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http://bit.ly/mass-timber-assemblies
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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 106 Tested Assemblies

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

4 I I I I :

CLT Panel 21 Tested Assemblies
I I I I

No Direct Applied or Hung Ceiling



Mass Timber Acoustics Inventory

Table 3: CLT Floor Assemblies without Concrete/Gypsum Topping, with Wood
Sleepers, Ceiling Side Exposed

Finish Floor if Applicable

Sleepers + Acoustical Product ———< |

1 | | | | T

e 16 Tested Assemblies
No Direct Applied or Hung Ceiling : ' : .

Table 4: NLT, GLT & T&G Decking Floor Assemblies, Ceiling Side Exposed

Finish Floor if Applicable

Concrete/Gypsum Topping

Acoustical Mat Product 10 T 1 T T TT [T T TT TT [TF [T TT [T [T T[T [T [T [T TT [T [T TT [T [T[ []

Mass Timber Floor Panel 46 TEStEd Assemblies

No Direct Applied or Hung Ceiling




Mass Timber Acoustics Inventory

Table 5: Mass Timber Floor Assemblies with Ceiling Side Concealed

Top Side Products

=11 T 1T [T [T [T1 [T | N N N N N N I I I B

T 78 Tested Assemblies i

Timber Base

Underside Products O%M M




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

6
N S

NN Y

70 Tested Assemblies 45 Tested Assemblies 32 Tested Assemblies

[~ | | I ol ] [ I S e I



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

[IC 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

1206.2 Airborne sound. Walls, partitions and floor-ceiling
assemblies separating dwelling units and sleeping units from
cach other or from public or service areas shall have a sound
transmassion class of not less than 50, or not less than 45 if
field tested, for airborne noise where tested in accordance
with ASTM E90. Alternatively, the sound transmission class

of walls, partitons and floor-ceiling assemblies shall be
established by engineering analysis based on a comparnson of
walls, partiions and floor-ceiling assemblies having sound
transmission class ratings as determined by the test proce-
dures set forth in ASTM E90. Penctrations or openings in
construction assembhies for piping: clectneal  devices;
recessed cabinets; bathtubs; soffits; or heating, ventillating or
exhaust ducts shall be sealed, lined, insulated or otherwise
treated to mantain the required ratings. This requirement
shall not apply to entrance doors; however, such doors shall
be ught fitting to the frame and sill.



MT Acoustics Inventory

1206.3 Structure-borne sound. Floor-celling assemblies
between dwelling units and sleeping units or between a dwell-

ing unit or sleeping unit and a public or service area within
the structure shall have an impact insulation class rating of
not less than 50, or not less than 45 if field tested, where
tested in accordance with ASTM E492. Alternatively, the
impact insulation class of floor-ceiling assemblies shall be
established by engineering analysis based on a companson of
floor-ceiling assemblies having impact insulation class rat-

ings as determined by the test procedures in ASTM E492.




MT Acoustics Inventory

# of Tests Completed
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Mass Timber Acoustically Tested Floor Assemblies

16 86 Tested 5-Ply (6.875") CLT Floor
Assemblies with Concrete/Gypsum
Topping, Ceiling Side Exposed

7
&
|
1 1 1
o B 0 0 g o 0 O )

1.5" Gypsum Topping 1.5" Concrete Topping 2" Gypsum Topping 2.5" Gypsum Topping 3" Concrete Topping 4" Concrete Topping

BSTCRIC<45 m45<5TCRNC<50 mS50<5TCRIC<55 mSTCE&IIC>55



MT Acoustics Inventory

5-Ply (6.875”) CLT Floor Assemblies with
Concrete/Gypsum Topping, Ceiling Side Exposed

Finish Floor if Applicable

Concrete/Gypsum Topping

Acoustical Mat Product A N I I I N N N I I

CLT Panel

No direct applied or hung ceiling

86 Tests Completed. Of these:
32 Have STC & IIC 50 or greater
7 Have STC & IIC 55 or greater



MT Acoustics Inventory
Topping Thickness Effect on 5-Ply (6.875"”) CLT Floor Assemblies

Finish Floor if Applicable

Concrete/Gypsum Topping

Acoustical Mat Product A N I I I N N N I I

CLT Panel

No direct applied or hung ceiling

32 Have STC & IIC 50 or greater

7 Include 1.5” Gypsum Topping 1 Includes 3” Concrete Topping
10 Include 2” Gypsum Topping 8 Include 4” Concrete Topping

6 Include 2.5” Gypsum Topping



MT Acoustics Inventory
Topping Thickness Effect on 5-Ply (6.875"”) CLT Floor Assemblies

Finish Floor if Applicable

Concrete/Gypsum Topping

Acoustical Mat Product A N I I I N N N I I

CLT Panel

No direct applied or hung ceiling

7 Have STC & IIC 55 or greater

6 Include 2.5” Gypsum Topping 1 Includes 4” Concrete Topping



MT Acoustics Inventory

Acoustical Mat (AM) Thickness Effect on 5-Ply (6.875"”) CLT
Floor Assemblies

Finish Floor if Applicable

Concrete/Gypsum Topping

Acoustical Mat Product A N I I I N N N I I

CLT Panel

No direct applied or hung ceiling

32 Have STC & IIC 50 or greater

3 Include AM < 0.25” 4 Include AM 0.75” < AM < 1”
6 Include AM 0.25” < AM < 0.5” 10 Include AM > 1”
9 Include AM 0.5” < AM < 0.75”



MT Acoustics Inventory

Acoustical Mat (AM) Thickness Effect on 5-Ply (6.875"”) CLT
Floor Assemblies

Finish Floor if Applicable

Concrete/Gypsum Topping

Acoustical Mat Product A N I I I N N N I I

CLT Panel

No direct applied or hung ceiling

7 Have STC & IIC 55 or greater
All 7 Include AM > 1”



MT Acoustics Inventory

Dry Systems > No Concrete/Gypsum Topping
5-Ply (6.875”) CLT Floor Assemblies with Ceiling Side Exposed

Finish Floor if Applicable
Acoustical Product

=TT T T T T T T TT TT1 1 [T T T T T TT TT TT 7T TT TT TT TT TT TT [T TT TT TT T1

CLT Panel

No Direct Applied or Hung Ceiling

21 Tested Assemblies
2 Have STC & IIC 50 or greater

Combination of WSP, Cement board type products,
Acoustical Mat, Eng. Wood or LVT finish floor



Acoustical Detailling
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MT Acoustics Inventory

Finish Floor if Applicable

Concrete/Gypsum Topping
Acoustical Mat Product —rr rrrr1rrrfrrrfrrfrr 17 1 1 7 7 TF 17 [T1 T[T T[7 [T [7 IT7 TT1T [T [T T
. S $
Mass Timber Floor Panel
No Direct Applied or Hung Ceiling
None 34 33 55
None Structural concrete panels on track and rim system | None 54 45 27
. _ . None 47? ASTC - 9
2” Gyp-Crete® %" thick proprietary acoustical mat LVT on Acousti-
- 472 AlIC 28
Top®
) None 56 48 23
2OLLRS Engineered
n ”n . H H
plywood 2-1/2” concrete | 1” thick proprietary acoustical mat Hardwood 56 52 24
LVT 55 57 25
None 51 36 8
None 51 44 7
P el . .
) %" thick proprietary acoustical mat Carpet = = e
4” concrete
1” thick proprietary acoustical mat None 54 50 50
2” thick proprietary acoustical mat 56 52 51
3” thick proprietary acoustical mat 56 53 52




MT Acoustics Inventory

Inventory also contains tests
conducted on NLT, GLT, T&G Deckin |

éredit: Structure Fusion



Mass Timber Acoustics
A Solved Challenge? ) '

Still exploring further tests:

* 3-ply CLT floor assemblies

* New product assemblies (MPP)

* More dry systems (no poured
toppings)

* Tall wood code-compliant floor

assemblies
- Others — what challenges do you face 33 i§ :

when designing mass timber for 4 ;

acoustics? Let us know. =S

* Are these resources helpful? Let us
know.
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