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Abstract 
FPInnovations launched the “Next Generation Building Systems” research program to support the 
expansion and diversification of wood into new markets. “Next Generation Wood Buildings” can be 
described as buildings that implement design and construction practices, and use innovative wood-based 
materials and systems beyond those defined and addressed in current building codes. As part of this 
program, the serviceability research focuses on addressing issues related to floor and building vibrations, 
sound transmission and creep.   
 
CLT is a next generation wood building material, which is a promising alternative to concrete slabs. To 
facilitate wood expansion into the market traditionally dominated by steel and concrete, several CLT 
buildings have been designed or built.  Taking this opportunity, we conducted this study on two CLT 
buildings in the province of Quebec (i.e.,Desbiens and Chibougamau) to collect data that will form a 
database for the development of design provisions and installation guides for controlling vibrations and 
noise in CLT floors and buildings.  The study also provides some information to designers and architects 
to strengthen their confidence in using CLT in their building projects.  It is our hope that the collaboration 
through this study demonstrates to both designers and users of CLT buildings that if we work together, 
we can build good quality CLT buildings.   
 
During the construction, ambient vibration tests were conducted on the two CLT buildings to determine 
their natural frequencies (periods) and damping ratios.  Vibration performance tests were conducted on 
selected CLT floors to determine their frequencies and static deflections.  ASTM standard sound 
insulation tests were conducted on the selected CLT walls and floors in Chibougamau CLT building to 
develop the sound insulation solutions.  After the two CLT buildings were completed, ASTM sound 
insulation tests were conducted in the selected units to determine the Field Sound Transmission Class 
(FSTC) of the finished floors and walls, and the Field Impact Insulation Class (FIIC) of the finished 
floors.  
 
We found that in general, the vibration performance of these two CLT buildings and their floor vibration 
performance are functional. The efforts made by the design engineers, the architects, and the contractors 
to make it happen are commendable, considering the lack of design provisions and guidelines in building 
codes for controlling vibrations in such innovative wood floor and buildings. The sound insulation of the 
selected units in Chibougamau building was very satisfactory. This confirmed that with proper design, 
construction, and installation of the sound insulation solutions studied in this report, CLT floors, walls 
and buildings can achieve very good sound insulation.    
 
Some specific recommendations for CLT building sound insulation:  

• If flanking paths can be minimized, then it is expected that better sound insulation than what we 
measured on the CLT floors during the building construction will be achieved ; 

• Increasing the stud spacing from 400mm to 600mm for the wood stud walls enhances the 
airborne sound insulation of the current wood stud-CLT wall assemblies tested in this study ;  

• Decoupling ceiling from the structure frame and from the CLT floors is a significant factor for 
cost-effective sound insulation solutions ; 

• Selection of solutions for FSTC and FIIC above fifty (50) for non-carpeted CLT floors will 
ensure the  satisfaction of the majority of occupants ;  

• Conducting subjective evaluation is useful to ensure occupants  satisfaction ;  
• For implementation of the sound insulation solutions for floating floors, it is necessary to consult 

wood flooring and ceramic tiles installation guides for floating the flooring.   



Serviceability of New Generation Wood Buildings:  
Case Study of Two Cross-laminated Timber (CLT) Buildings 
 Project Nos 301006159 & 301006867 
 

 
FPInnovations. All rights reserved. 

®  FPInnovations, its marks and logos are registered trademarks of FPInnovations. 
iii 

 

Acknowledgements 
FPInnovations would like to thank Natural Resources Canada (Canadian Forest Service) and the 
Ministère des Ressources Naturelles et de la Faune du Gouvernement du Québec for their financial 
support for this research work. 
 
The author wishes to thank Nordic Engineered Wood and Chantiers Chibougamau for providing the 
opportunity and assistance in conducting the field tests on the CLT buildings. Thanks are also extended to 
Anes Omeranovic and Felix Pedneault of the Advanced Building Systems Department for their assistance 
and contribution to the fieldwork tests.  
 
  
 
 



Serviceability of New Generation Wood Buildings:  
Case Study of Two Cross-laminated Timber (CLT) Buildings 
  Project Nos 301006159 & 301006867 
 
 

 
FPInnovations. All rights reserved. 

®  FPInnovations, its marks and logos are registered trademarks of FPInnovations. 
iv 

 

Table of Contents 
Abstract .......................................................................................................................................................................... ii 
Acknowledgements ....................................................................................................................................................... iii 
List of Tables .................................................................................................................................................................. v 
List of Figures ............................................................................................................................................................... vi 
1 Objectives ............................................................................................................................................................... 1 
2 Introduction ............................................................................................................................................................. 1 
3 Background ............................................................................................................................................................. 2 

3.1 CLT .............................................................................................................................................................. 2 
3.2 Three-Storey CLT Retirement House in Desbiens, Quebec ........................................................................ 3 
3.3 Four-Storey CLT Condominium in Chibougamau, Quebec .......................................................................... 5 

4 Staff ........................................................................................................................................................................ 6 
5 Approach and Methods ........................................................................................................................................... 6 

5.1 Sound Insulation Tests on 4-Storey CLT Building in Chibougamau during Construction ............................. 7 
5.2 Ambient Vibration Test (AVT) during Building Construction ....................................................................... 10 
5.3 Floor Vibration Tests during Building Construction .................................................................................... 11 
5.4 Sound Insulation Tests on Floors and Walls in Selected Units in the Two CLT Buildings after Completion

 ................................................................................................................................................................... 13 
6 Results and Discussion ......................................................................................................................................... 14 

6.1 CLT Building Vibration Performance .......................................................................................................... 14 
6.2 CLT Floor Vibration Performance ............................................................................................................... 15 
6.3 Sound Insulation of CLT Walls and Floors in the Chibougamau Building during  Construction ................. 17 

6.3.1 CLT Wall Airborne Sound Insulation in the Selected Units of the Chibougamau Building during 
Construction ................................................................................................................................. 18 

6.3.2 Effect of Ceiling Cavity Depth (I-Joist Size) and Attachment of the Ends of the Joists to the 
Structure on Impact Sound Insulation (FIIC) in the Chibougamau Building under Construction .. 19 

6.3.3 Effect of Flooring and Underlayment on the FIIC of a Bare CLT Floor with a 356mm Ceiling 
Decoupled from the Structure Frame in Chibougamau Building under Construction ................... 20 

6.3.4 Effect of flooring and underlayment on the FIIC of a CLT Floor with a 20mm Gypsum Topping 
(Fermacell) and 10mm Mineral Wood Underlayment and a Ceiling Coupled from the Structure 
Frame in the Chibougamau Building Under Construction ............................................................ 21 

6.4 FSTC and FIIC Ratings of CLT Floors and Walls in Selected Units in the Completed CLT Buildings in 
Desbiens and Chibougamau ...................................................................................................................... 23 

7 Conclusions .......................................................................................................................................................... 25 
8 Recommendations ................................................................................................................................................ 25 
9 References............................................................................................................................................................ 26 



Serviceability of New Generation Wood Buildings:  
Case Study of Two Cross-laminated Timber (CLT) Buildings 
  Project Nos 301006159 & 301006867 
 
 

 
FPInnovations. All rights reserved. 

®  FPInnovations, its marks and logos are registered trademarks of FPInnovations. 
v 

 

List of Tables 
Table 1 Natural frequencies and damping ratios of the two tested CLT buildings during construction ................ 15 
Table 2 Measured vibration performance attributes of the CLT floors and the floor details ................................. 16 
Table 3 FSTC of three (3) types of CLT wall assemblies in the units of the Chibougamau building during 

construction ............................................................................................................................................ 19 
Table 4 Effect of ceiling cavity depth and attachment of the ends of the joists to the .......................................... 20 
Table 5 Effect of flooring and underlayment type on the FIIC of bare CLT floor-ceiling ...................................... 20 
Table 6 Effect of flooring and underlayment on the FIIC of topping CLT floor-ceiling.......................................... 21 
Table 7 Effect of flooring and underlayment on FIIC of Topping CLT floor-ceiling .............................................. 22 
Table 8 FSTC of walls and Floor, and FIIC of floor in the selected units in the completed Desbiens CLT building

................................................................................................................................................................ 23 
Table 9 FSTC of wall and Floors, and FIIC of floors in the selected units in the completed Chibougamau CLT 

building ................................................................................................................................................... 24 
 
  



Serviceability of New Generation Wood Buildings:  
Case Study of Two Cross-laminated Timber (CLT) Buildings 
  Project Nos 301006159 & 301006867 
 
 

 
FPInnovations. All rights reserved. 

®  FPInnovations, its marks and logos are registered trademarks of FPInnovations. 
vi 

 

 

List of Figures 
Figure 1 Concept of CLT ........................................................................................................................................ 2 
Figure 2 The 3-storey CLT building in Desbiens, QC ............................................................................................. 3 
Figure 3 Glulam Intermediate support beam for the two-span continuous CLT floor in the Desbiens building ....... 4 
Figure 4 Two (2) types of CLT party walls in Desbiens 3-storey CLT building ....................................................... 4 
Figure 5 The 4-storey CLT condominium in Chibougamau, QC ............................................................................. 5 
Figure 6 Glulam as the intermediate supporting beam for the two-span continuous CLT ...................................... 5 
Figure 7 Airborne sound transmission test on the party wall in the Chibougamau building under construction ..... 8 
Figure 8 Ceiling details showing the gypsum board, wood strap (furry), bottom of I-joists ..................................... 8 
Figure 9 Impact sound insulation tests on bare CLT floor and CLT floor with Fermacell topping in Chibougamau 

building during construction ...................................................................................................................... 9 
Figure 10 Impact sound insulation tests on CLT floor with floating flooring in Chibougamau building during 

construction ............................................................................................................................................ 10 
Figure 11   AVT on CLT buildings in Desbiens and Chibougamau during construction using ................................ 10 
Figure 12 Vibration performance tests on the selected floors with a wood topping in the ...................................... 12 
Figure 13 Vibration performance tests on the selected bare floor in the 4-storey CLT building .............................. 13 
Figure 14 Floor FIIC and wall FSTC tests in the completed CLT building in Desbiens........................................... 14 
Figure 15 Floor FIIC and wall FSTC tests in the completed CLT building in Chibougama ..................................... 14 
 
 



Serviceability of New Generation Wood Buildings:  
Case Study of Two Cross-laminated Timber (CLT) Buildings 
  Project Nos 301006159 & 301006867 
 
 

 
FPInnovations. All rights reserved. 

®  FPInnovations, its marks and logos are registered trademarks of FPInnovations. 
1 of 26 

 

1 Objectives 
The key objective of this case study was to conduct field tests on two CLT buildings to examine the 
vibration performance of the innovative wood floor systems and buildings, and their sound insulation, 
specifically: 
 

1. The test data will form a database for the development of design provisions and installation 
guides for controlling vibrations of next generation wood floors and buildings, and for controlling 
sound transmission through CLT walls and floors ;  
 

2. The study also provides information  on the vibration and acoustic performance of CLT buildings 
to the builders, engineers, architects, and producer to reinforce their confidence in using CLT in 
their projects ;  
 

3. This work also demonstrates to builders, engineers and producers of CLT that if we work 
together, we can build good quality mid-rise CLT wood buildings.  This case study demonstrates 
the benefit of such collaboration.   

 
 

2 Introduction 
FPInnovations has launched the “Next Generation Wood Building Systems” research program to support 
the expansion and diversification of wood into new markets. “Next Generation Wood Buildings” can be 
described as the buildings that implement design and construction practices, and use innovative wood-
based materials and systems beyond those defined and addressed in current building codes.   
 
Due to the lightweight nature of wood, without special design approaches, the sound insulation of wood 
buildings is not as good as steel or concrete buildings. Mid- to high-rise wood-frame buildings are more 
susceptible to vibration in wind than steel or concrete buildings. Moreover, wood floors are more 
susceptible to vibrations than steel and concrete floors. Therefore, as part of the “Next Generation Wood 
Building Systems” research program,  the serviceability research program at FPInnovations focuses on 
addressing issues related to floor and building vibrations, as well as sound insulation and creep, by 
developing design provisions and guides to control vibrations and noise in next generation wood 
buildings.   
 
Cross-laminated Timber (CLT) is a next generation building material, which is a promising alternative to 
concrete slabs. To facilitate the expansion of wood in markets traditionally dominated by steel and 
concrete, several CLT buildings were design and built recently across the country. Taking this 
opportunity, we conducted this study on two (2) CLT buildings in Desbiens and Chibougamau in the 
province of Quebec which have innovative floor and wall systems to evaluate their sound insulation, and 
to determine their dynamic properties. This study also formed a key component of the serviceability 
research project. 
 
This report describes briefly the constructions of the two (2) CLT buildings that have either been built or 
still under construction, then presents the test methods and results.    
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3 Background 
3.1 CLT 
Cross-laminated Timber (CLT) is proving to be a promising solution for wood to compete in building 
sectors where traditionally steel and concrete have predominated.  Figure 1 illustrates the concept of CLT. 
It has higher stiffness/strength to mass ratio than cold-formed steel, reinforced concrete, masonry. 
Moreover, CLT building components are prefabricated, which accelerates the construction process and 
makes the construction quite efficient in terms of time, labour, and materials. Another advantage is the 
ecological benefits of wood, which makes CLT more environmentally friendly than other building 
materials such as steel and concrete. 
 
 
 
 

 
 

 
 

Figure 1 Concept of CLT 
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3.2 Three-Storey CLT Retirement House in Desbiens, Quebec 
This is a 3-storey residential CLT building. The building height is 9.14m.  Figure 2 shows the building 
under construction and the completed building.   
 
 

 
 

(a) Under construction 

 
 
 
 

 
 

(b) Completed building 
 

 
Figure 2 The 3-storey CLT building in Desbiens, QC 
 
 
 
 
The floor system at the second and third levels was built with 5-ply, 184mm thick, 2.4m wide, and 12m 
long CLT elements using half-lapped joints.  The floor system used two-equal-span continuous floor over 
two (2) adjacent units. The intermediate supporting beams for the 12m long floor were made of 410mm 
deep and 140mm wide glulam beams.  Figure 3 illustrates the intermediate supporting beam.  
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Figure 3 Glulam Intermediate support beam for the two-span continuous CLT floor in the 
Desbiens building 
 
The floor was topped with two (2) layers of 16mm plywood attached on 19mm by 64mm wood straps at 
400mm o.c.  The wood straps in turn, were attached to the CLT through 3.5mm rubber mat which covered 
the entire surface of the CLT.  Vinyl was used as the finishing.  
 
There were two (2) types of CLT walls separating the units. One type of the party walls were built with 5-
ply, 184mm thick CLT with outer/surface plies oriented horizontally.  The other type of the party wall 
was made of two 3-ply, 78mm thick CLT elements with outer plies oriented vertically.  A 25mm gap was 
created between the two 3-ply CLT walls, and the gap was filled with insulation material (Roxul).  
Sixteen (16) mm gypsum boards were installed on both side of the walls through resilient channels at 
610mm o.c. Figure 4 shows the two types of party walls under construction.  
 

 

 
 

(a) Horizontal 5-ply CLT wall. 
 
 

 

 
 

(b) Double vertical 3-ply CLT wall. 

Figure 4 Two (2) types of CLT party walls in Desbiens 3-storey CLT building 
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3.3 Four-Storey CLT Condominium in Chibougamau, Quebec 
This is a 4-storey condominium CLT building. The building height is 12.6m.  Figure 5 shows the entire 
view of the building during construction and after it was completed.   
 

 

 
(a) Under construction 

 

 

 
(b) Completed building 

Figure 5 The 4-storey CLT condominium in Chibougamau, QC 
 
 
The floor system at 2nd through the fourth level was built with 5-layer, 208mm thick CLT of 2.4m wide 
using half-lapped joints. CLT elements of 14m long were used to build the three-span continuous floor 
system, and 12m long CLT elements were used to build the two-span continuous floor system. Each span 
varies from 3.55m to 6.7m.  Glulam beams were used as the intermediate beams, as shown in Figure 6.  
 
 
 

 
 
Figure 6 Glulam as the intermediate supporting beam for the two-span continuous CLT 
floor of 12m long in the Chibougamau building 
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During Phase 1 testing, the floor finishing, topping and ceiling systems were not finalized.  This provided 
us with an opportunity to study the effects of flooring, topping, underlayment, and ceiling on the floor 
impact sound insulation, and to optimize the sound insulation solutions for the CLT floors.  
 
The party walls separating the two adjacent units were built with 105mm, 3-ply CLT shown in Figure 6.  
During the Phase 1 tests, the construction for airborne sound insulation of the CLT walls was not 
finalized.  Again, this provided us with the opportunity to evaluate the effects of several candidates for the 
wall airborne sound insulation, and to optimize the sound insulation solutions for CLT walls.   
 

4 Staff 
Lin J. Hu, Ph.D. Research Scientist, Advanced Building Systems 
Erol Karacabeyli, P.Eng., M.Sc. Department Manager, Advanced Building Systems 
Mohammad Mohammad, P.Eng., Ph.D. Research Leader, Advanced Building Systems 
Anes Omeranovic Technologist, Advanced Building Systems 
Felix Pedneault Technologist, Advanced Building Systems 
 

5 Approach and Methods 
The three (3) types of testing conducted were:  building vibration, floor vibration, and sound insulation 
testing.  Testing was conducted in two (2) phases.  In Phase1, the building and floor vibration tests were 
conducted during construction.  Sound insulation tests were also conducted on the selected CLT floors 
and walls only.  In Phase 2, sound insulation tests were conducted on floors and walls in selected units in 
the two (2) buildings after they were completed.  Some units in Chibougamau building were occupied.    
 
The methods used for the sound insulation tests were:  
 

1. ASTM Standard Test Method E 2235 for determination of decay rates for use in sound insulation 
test method, to determine reverberate time (ASTM 2004) ; 
 

2. ASTM Standard Test Method E 1007 for field measurement of tapping machine impact sound 
transmission through floor-ceiling assemblies and associated support structures (ASTM 2011) ; 
 

3. ASTM Standard Test Method E 989 for determination of impact insulation class (IIC) (ASTM 
1989) ; 
 

4. ASTM Standard Test Method E 336 for measurement of airborne sound insulation in buildings 
(ASTM 2011) ; 
 

5. ASTM Standard Test Method E 413 for rating sound insulation (ASTM 2010).  
 
The method used for the building vibration testing was the ambient vibration test (AVT).  It was used to 
measure the building’s natural frequencies, mode shapes and damping ratios using the LMS test system 
and operational modal analysis software (LMS; Peeters et al. 2006).   
 
The method used for the floor vibration testing was the field test protocols developed at FPInnovations 
(Hu 1998).  The protocols include the classical impact-response test to measure the natural frequencies, 
mode shapes and damping ratios of the floor. The point load static deflection test was adopted to 
determine the floor static deflections.   
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5.1 Sound Insulation Tests on 4-Storey CLT Building in Chibougamau during 
Construction 
The objective of the sound insulation tests on the CLT building in Chibougamau was to develop and 
verify solutions for CLT wall and floor sound insulation.  The tests were conducted in the building under 
construction. Therefore, there were more flanking paths than those typically found in a completed 
building with finishing.   
 
The field airborne sound transmission tests through the CLT walls were conducted to determine FSTC 
values. The wall configurations included: 
 

Wall 01: Bare CLT wall between rooms 201 and 202, with a 38mm by 64mm single wood stud 
wall on one side of the CLT. The studs were spaced at 400mm on centre, and 16mm gypsum 
boards were directly attached to the wood studs on the face side of the wall. The cavity in the 
wood stud wall was filled with 64mm thick Roxul (mineral wool). The wood stud wall was built 
with a 12mm gap from the CLT wall.   
 
Wall 03: Bare CLT wall between rooms 202 and 203, with two 38mm by 64mm single wood 
stud walls on both sides of the CLT. The studs were spaced at 400mm, and 16mm gypsum boards 
were directly attached to the wood stud walls on the face sides of the walls. The cavity in one 
wood stud wall was filled with 64mm thick Roxul (mineral wool).  The wood stud walls were 
built with a 12mm air gap from the CLT. 
 

Wall 07: Bare CLT wall between rooms 203 and 204, with two similar wood stud walls like 
those described for Wall 03, with Roxul-filled cavities in both walls.  

 
Larson Davis’s model no. 831 Sound Level Meters were used to acquire the signals. Its DNA software 
was used to process the signals to determine FSTC and FIIC.  The standard ISO tapping machine was 
used in the impact sound insulation tests. Figure 7 demonstrates the airborne sound insulation test on a 
wall.  
 

 
 
(a) Source room, showing the loud speaker 

and sound level meter measuring the  
  sound in the source room. 

 

 
 

(b)  Receiving room, showing the sound level 
meter measuring the sound transmitted from 
the source room through the wall. 
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Figure 7 Airborne sound transmission test on the party wall in the Chibougamau building 
under construction 
The impact sound insulation of the CLT floors with various combinations of flooring, underlayment, 
topping and ceiling were measured.  The test series were: 
 

• Bare CLT floor ; 
• CLT floor with dry wall ceiling ; 
• CLT floor with ceiling and fully covered gypsum board topping (Fermacell) ; 
• CLT floor with ceiling, gypsum board topping, and a 1.2m by 1.2m floating flooring patch ; 
• CLT floor with ceiling and a 1.2m by 1.2m floating flooring patch. 

 
The dry wall ceiling was made of 16mm gypsum board attached to the bottoms of the 200mm or 356mm 
deep I-joists through 19mm by 38mm wood straps (furry) at 600mm.  The I-joists were attached to the 
underneath of the CLT elements.  To study the effect of the flanking path due to the attachment of the 
ends of the I-joists to the supporting beams, the tests were conducted on the ceiling system where the I-
joists were attached to the supporting beams, and on the ceiling system where the I-joists were not 
supported.  The ceiling cavity was filled with insulation material (Roxul).  Figure 8 shows the ceiling 
details.  
 

 
 
 
Figure 8 Ceiling details showing the gypsum board, wood strap (furry), bottom of I-joists 
and insulation material in the ceiling cavity in Chibougamau building 
 
 
The gypsum board topping is a commercial topping system called Fermacell, produced by Xella.  It is 
20mm thick, and has an area density of 26kg/m2 with 10mm mineral wood underlayment.  
 
Hardwood flooring and ceramic tile flooring were both tested.  Following the installation guides of the 
flooring, the 18mm hardwood flooring was screwed on the 16mm plywood, and the ceramic tile was 
glued to two layers of 12mm and 18mm plywood.   
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The flooring was floating on the Fermacell topping, or on the CLT through the following three types of 
underlayment: 1) 3mm thick foam that is usually used for vapour barrier; 2) 12mm wood fiberboard; 3) 
10mm recycled rubber mat to study the effects of various underlayments on the impact sound insulation.  
 
Figures 9 and 10 demonstrate the impact sound insulation tests on CLT floor, CLT floor with Fermacell 
topping, CLT floor with the 1.2m by 1.2m hardwood flooring, or ceramic tile flooring patch using ISO 
tapping machine.  
 

 

 
 

(a) Impact sound insulation test on bare 
CLT floor showing the ISO tapping 
machine. 

 

 

 
 

(b) Impact sound insulation test on CLT 
floor with Fermacell topping. 

Figure 9 Impact sound insulation tests on bare CLT floor and CLT floor with Fermacell 
topping in Chibougamau building during construction 

 
 
 

 

 
 

(a) Impact sound insulation test on CLT floor 
with hardwood flooring floating on CLT 
through the 3mm foam. 

 

 
 

(b) Impact sound insulation test on CLT floor 
with ceramic tile floating on CLT through 
the 3mm foam. 
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Figure 10 Impact sound insulation tests on CLT floor with floating flooring in Chibougamau 
building during construction 
 
5.2 Ambient Vibration Test (AVT) during Building Construction 
Ambient vibration testing (AVT) uses natural excitations such as wind, heavy traffic, etc., to induce 
vibrations in structures.  From the vibration signals, the natural frequencies or periods (note: 
period=1/frequency) and damping ratios of the structures are extracted.  This test is simple, easy to 
conduct, and reliable.  Therefore, AV tests have been widely used to determine the natural frequencies or 
periods and damping ratios of heavy steel and concrete structures such as steel-concrete buildings, towers, 
bridges, etc., for wind and seismic designs.   
 
The AVT is relatively new to the wood construction.  AVT tests were first used successfully in the 
CUREE projects (Camelo, Beck and Hall 2002), and by Van de Lindt et al (2010), as well as Kang 
(2009), to determine the natural frequencies and damping ratios of wood frame buildings.  For these 
reasons, the AVT was selected for this project. LMS data acquisition system and operational modal 
analysis software were used. The accelerometers having sensitivity of about 500 mv/g were used to 
measure the vibration signals in the two horizontal directions of the building.  
 
Figure 11 illustrates the use of AVT system on the CLT buildings in Desbiens and Chibougamau, 
Quebec. 

 

 
 

(a)  AVT on Desbiens building showing two 
accelerometers measuring the horizontal  

 vibrations of the building in X- and Y-
directions. 

 

 

 
 
(b) AVT on Chibougamau building showing two 

accelerometers measuring the horizontal 
vibrations of the building in X- and Y-
directions. 

 
Figure 11   AVT on CLT buildings in Desbiens and Chibougamau during construction using 
accelerometers to measure the vibration signals 
 
 



Serviceability of New Generation Wood Buildings:  
Case Study of Two Cross-laminated Timber (CLT) Buildings 
  Project Nos 301006159 & 301006867 
 
 

 
FPInnovations. All rights reserved. 

®  FPInnovations, its marks and logos are registered trademarks of FPInnovations. 
11 of 26 

 

5.3 Floor Vibration Tests during Building Construction 
There is only one (1) type of CLT floor system in the Desbiens CLT building. Therefore, only one (1) 
CLT floor at the second level was selected for testing. This floor was above an open area as shown in 
Figure 12 (b) with a span of 6m.  As shown in Figure 12 (a), the floor had a wood stud partition wall near 
the mid-span of the floor.  The partition wall was perpendicular to the floor span.  The floor also had a 
wood topping compositing of two (2) layers of 16mm plywood attached to 19mm by 64mm wood straps 
at 400mm o.c that were attached to the CLT floor through a 3.5mm rubber mat, but without finishing.  
 
In the Chibougamau building, there were two (2) types of CLT floors.  One was a two-span continuous 
floor system.  The intermediate supporting beam divided the floor into two spans of 6.7m and 4.6m.  The 
other was a three-span continuous floor system. Two (2) intermediate supporting beams divided the floor 
into spans of 4.75m, 3.55m and 4.88m.   Therefore, hammer impact tests were conducted on the two (2) 
floor systems, and the static deflection tests were conducted on each span of the two floor systems.  
Besides, in some units, there were partition walls located perpendicular to the CLT floor span of 6.7m.  
The partition walls were 4.8m away from the intermediate support.  To study the effect of the 
perpendicular to CLT span partition wall on the vibration performance, floor vibration performance tests 
were conducted on a two-span CLT floor with and without the perpendicular partition wall,  The floors 
had no finishing, topping and ceiling.   
 
The accelerometers having sensitivity of about 500mv/g were used to measure the floor vertical 
vibrations.  A 2.5kg instrumented hammer with soft tip was used for exciting the floor. The hammer was 
impacted on the floor through a 100mm by 100mm soft pad to ensure that the impact force would have 
sufficient energy to excite the fundamental natural frequency with a high signal to noise ratio. LMS data 
acquisition system was used to acquire the signals. The signals then were post-processed to determine the 
natural frequencies, modal damping ratios and mode shapes using LMS modal analysis software.  The 
tester with the instrumented hammer was sitting on the floor.  Figures 12 and 13 show the floor vibration 
performance tests including the hammer impact test and the static deflection tests on the selected floors in 
the two CLT buildings. 
 

 

 
 
(a)  Hammer impact test on the selected floor at the  

second level of the Desbiens building showing 
the impact hammer and accelerometers. 

 

 
 
(b)  Static deflection test on the selected floor at 

the second level of the Desbiens building 
showing the deflection gauge fixed to the end 
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of the rod. The deflection gauge was attached 
to the floor, which was used as reference. The 
other end of the rod was attached to the 
underneath of the center of the CLT floor.  

 
Figure 12 Vibration performance tests on the selected floors with a wood topping in the  
3-storey CLT building in Desbiens during construction 
 
  



Serviceability of New Generation Wood Buildings:  
Case Study of Two Cross-laminated Timber (CLT) Buildings 
  Project Nos 301006159 & 301006867 
 
 

 
FPInnovations. All rights reserved. 

®  FPInnovations, its marks and logos are registered trademarks of FPInnovations. 
13 of 26 

 

 
 
(a) Impact test on a selected floor at the 4th level 

of the Chibougamau building by hammer 
impact. 

 

 
 

(b) Static deflection test on a selected floor in the 
 Chibougamau building, showing the deflection 

gauge fixed to the beam. The ends of the beam 
were supported on edges of the floor.  
The deflection gauge was attached to the centre 
of the CLT floor being tested. The photo also 
shows the tester applying his weight on the 
floor center. 

 

Figure 13 Vibration performance tests on the selected bare floor in the 4-storey CLT building  
in Chibougamau during construction 
 

 

5.4 Sound Insulation Tests on Floors and Walls in Selected Units in the Two CLT 
Buildings after Completion 
In the completed building in Desbiens, the FSTC tests were conducted on the CLT walls separating units 
no. 6 and 8, and units no. 5 and 7, respectively. The FIIC and FSTC tests were conducted on the living 
room floor in unit no. 14.  The floor and wall details were provided in Table 8. Figure 14 illustrates the 
tests.  
 

 

 
(a) Floor FIIC test with ISO tapping machine 

on the living room floor of unit no.14  
 

 

 
(b) Wall FSTC test with omnidirectional  

loud speaker in unit no.8 
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Figure 14 Floor FIIC and wall FSTC tests in the completed CLT building in Desbiens 
 
In the completed building in Chibougamau, the FSTC test was conducted on the CLT wall separating 
units no. 304 and 303.  The FIIC and FSTC tests were conducted on the floors in unit 304, bedroom and 
washroom, respectively.  The floor and wall details were provided in Table 9. Figure 15 illustrates the 
actual tests.  
 
 

 

(a) Floor FIIC test with ISO tapping machine 
   on the bedroom floor of unit no.304 

 

 
 

(b) Wall FSTC test with omnidirectional loud 
  speaker in unit no. 303 

 
Figure 15 Floor FIIC and wall FSTC tests in the completed CLT building in Chibougama 
 
 
All measures were done in general agreement with the specified standards and protocols. The precision 
levels were in accordance with the technical requirements. 
 
 

6 Results and Discussion 
6.1 CLT Building Vibration Performance 
The natural frequencies or periods and damping ratios of a building are important parameters for 
determining the vibration performance of the building. Table 1 summarizes the measured natural 
frequencies (period = 1/frequency) and associated modal damping ratios of the two CLT buildings.   
 

The natural frequency or period of a building is a function of the height, stiffness and mass of the 
building.  In general, the higher the building, the lower the frequency is.  The heavier the building, the 
lower the frequency is. The stiffer the building, the higher the frequency is.   
 

Damping is mostly sourced by friction at the connections of the building components and the building’s 
supports, as well as the non-structural components such as finishing, partitions, furniture, occupants, etc.  
Therefore, the damping ratio of the buildings with only structural component is generally lower than the 
building with finishing and occupants.  Table 1 shows that the damping ratios of the Desbiens building 
were higher than these of the Chibougamau building.  One explanation is that during the testing of the 
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Desbiens building, all interior partitions that divided the room in each unit were in place, unlike the 
Chibougamau building, which only had the structural elements in place.  
 
Table 1 Natural frequencies and damping ratios of the two tested CLT buildings during 
construction 
 

Location Desbiens Chibougamau 

Number of storeys 3 4 

Height (m) 9.14 12.6 

Testing condition Under construction, having  structure 
components and partitions 

Under construction, having only 
structure components 

First three (3) natural 
frequencies 
and damping ratios 

f (Hz) ξ (%) f (Hz) ξ (%) 
3.9 5 3.4 3 
5.5 4 3.6 2 
7.1 5 5.0 2 

 
It must be pointed out that the data presented in the table was obtained from the buildings under 
construction. Once the buildings are completed, the non-structural components will add mass, stiffness, 
and damping to the buildings, which will not significantly affect the measured natural frequencies, but 
will increase the damping ratios by 1-2%.   
 
 

6.2 CLT Floor Vibration Performance  
Floor vibration performance can be determined by the floor stiffness, fundamental natural frequency and 
damping ratio.  The static deflection under 1kN point load is typically a measure of the floor stiffness.  
The smaller the static deflection, the stiffer the floor is.  The fundamental natural frequency is a function 
of the floor span, stiffness and mass.  The longer the span, the lower the fundamental natural frequency is. 
The stiffer the floor, the higher the frequency is. The heavier the floor, the lower the frequency is.  
However, after testing hundreds of field wood floors, we found that to have a satisfactory vibration 
performance of CLT floors, the fundamental natural frequency should usually be above 9Hz.  Table 2 
provides the measured fundamental natural frequencies and damping ratios, as well as the static 
deflections of the selected floors in those two CLT buildings along with subjective evaluation by the test 
team without finishing.    
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Table 2 Measured vibration performance attributes of the CLT floors and the floor details 
 
 
 
Location 

 
Floor and 

testing 
condition 

 
Span 
 (m) 

 
1kN 

static 
deflection 

(mm) 

 
Fundamental 

natural 
frequency 

(Hz) 

 
Damping 
ratio (%) 

of first 
vibration 

mode 

Subjective 
evaluation 

of vibration 
performance 

by the test 
team 

 
 
 
Desbiens 

-2 equal span 
continuous 
-Partition wall 
┴span near mid-
span 
-With a wood 
topping 

 
 
 
6 

 
 
 

0.12 

 
 
 

9.7 

 
 
 

4 

 
 
 

Acceptable 

 
 
Chibougamau 
Unit 406 

-3-span 
continuous 
-bare floor 

 
4.8 

 
0.09 

 
 
 

10.3 

 
 
 

2 

Very 
acceptable 

 
3.6 

 
0.05 

Very 
acceptable 

 
4.9 

 
0.09 

Very 
acceptable 

 
Chibougamau 
Unit 401 

-2-span   
-continuous 
-bare floor 

 
6.7 

 
0.17 

 
 

10.0 

 
 

2 

Perceptible 
vibration 

 
4.6 

 
0.10 

Very 
acceptable 

 
 
 
 
 
Chibougamau 
Unit 403 

-2-span  
continuous 
-bare floor 
-Partition wall 
┴span on the 
6.7m span, 1.9m 
away from the 
intermediate 
supporting beam 

 
4.82 

(6.7m 
without 

the 
partition 

wall) 
 

 
 
 
 

0.12 

 
 
 
 
 
 
 
 

9.5 

 
 
 
 
 
 
 
 

3 

 
 
 

Acceptable 

 
4.6 

 
N.A 

 
N.A 

 
 
 
Chibougamau 
Unit 202 

 
 
 
See note below 
 

4.82 
(6.7m 

without 
the 

partition 
wall) 

 
 
 

0.08 

 
 
 

10.2 

 
 
 

5 

 
 
 

N.A 

 
4.6 

 
N.A 

 
N.A 
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Note:   The CLT floor system of unit 202 in the Chibougamau building was built with 5-layer, 208mm 
CLT of 12m long.  This is a two-span continuous floor of 6.7m and 4.6m spans.  A wood stud wall was 
located perpendicular to the 6.7m CLT floor span, 1.9m away from the intermediate supporting beam.  
Under the 6.7m CLT floor span, 356mm deep I-joists at 400mm o.c. were attached to the bottom of the 
CLT elements.  The ends of the I-joists were attached to the supporting beams using joist hangers.  Under 
the 4.6m span, 200mm deep I-joists at 400mm o.c., were attached to the bottom of the CLT elements, the 
ends of the I-joists were attached to the supporting beams using joist hangers.   
 
As observed in Table 2, for the two (2) continuous span floors (Unit 401), the 6.7m span for the CLT of 
208mm was under-designed because the vibration was perceptible, but in the floor with the perpendicular 
partition wall on the 6.7m span (Unit 403), the vibration performance was improved.  This indicated the 
positive effect of the perpendicular partition wall on CLT floor vibration performance.  
 
Furthermore, we observed that if the intermediate supporting beam was placed in the middle of the 12m 
long and 208mm thick CLT, the 6m span floor will have better vibration performance than the 2-span 
CLT floor with two-unequal continuous spans (6.7m and 4.6m of Unit 401 floor).  The same CLT 
element used for the 3-span continuous floor system (Unit 406) does not seem to be very cost-effective.   
 
From a vibration and structural point of view, installation of the additional I-joists for the CLT floor 
system (Unit 202) does not seem to be necessary even though the vibration performance was  enhanced  
as indicated by the increased frequency and damping, and reduced static deflection in comparison with 
the vibration performance of floors of Unit 403.  However, it was understood that the I-joists were used to 
support the dry wall ceiling and create cavity for improving the sound insulation of the CLT floors. 
 
It was also observed that the partitions and the I-joists increased the damping property of the CLT floor 
system from 2% to 3% or 5%. 
    
 
6.3 Sound Insulation of CLT Walls and Floors in the Chibougamau Building during  
Construction 
In this section, the results of the sound insulation tests conducted on the CLT building under construction 
are discussed. There were many flanking paths that should eventually be minimized when the building is 
completed.  Therefore, the measured FSTC and FIIC reported here are lower than those when the 
measurements are conducted on the completed building.  The FSTC and FIIC presented below show a 
trend of the effects of various sound insulation designs on airborne and impact sound insulation.  The 
measurements also provide information for the designs and construction solutions for CLT floor or wall 
sound insulation.   
 
It must be pointed out that in the study of the effect of flooring and underlayment on CLT floor impact 
sound insulation, tests were conducted on the CLT floor-ceiling assemblies using 1.2m by 1.2m flooring 
patch.  This approach may also lead to lower measured FIIC of the CLT floor-ceiling assemblies than that 
of the same assemblies if entirely covered by the flooring and underlayment.  
 
Therefore, once the CLT building is completed with the proper installation of the sound insulation 
solutions tested in this study, higher FIIC and FSTC values than the values stated in this report are 
expected.     
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6.3.1 CLT Wall Airborne Sound Insulation in the Selected Units of the Chibougamau Building 
during Construction 

The airborne sound insulation of the CLT walls was measured by its sound transmission class (STC).  
The measured STC on the field walls is called the FSTC.  Table 3 below summarizes the FSTC measured 
on three (3) CLT walls, i.e. Wall 01, Wall 03 and Wall 07, as described in Section 5.1. 
 
When comparing the FSTC of wall 01 to that of wall 03, it was found that the CLT wall with double 
wood stud walls on both sides had better airborne sound insulation (i.e., three (3) points higher than the 
CLT wall with only one single wood stud wall on one side).  
 
However, when we compared the FSTC of wall 07 with the FSTC of wall 03, we found that adding the 
sound insulation material (Roxul) into the wood stud wall did not increase the FSTC, but surprisingly, 
decreased it instead.  This was unexpected because the Roxul was anticipated to improve the airborne 
sound insulation, but the measurement did not show this trend.  This can be explained by the fact that 
there were more flanking paths in the room where wall 07 was located, compared to the room where wall 
03 was located.  Therefore, the flanking transmission masked the positive contribution effect of Roxul to 
the improvement of FSTC.  This also indicated the significance of flanking to the sound insulation.   
 
IRC’s study showed that wood stud walls built with the stud spacing at 600mm (24”) had better sound 
insulation than the walls built with the stud spacing of 400mm (16”) (Quirt et al 1995).  Therefore, if the 
stud spacing of the stud walls is increased to 600mm, then higher FSTC values than the values stated in 
Table 3 are expected.   
  



Serviceability of New Generation Wood Buildings:  
Case Study of Two Cross-laminated Timber (CLT) Buildings 
  Project Nos 301006159 & 301006867 
 
 

 
FPInnovations. All rights reserved. 

®  FPInnovations, its marks and logos are registered trademarks of FPInnovations. 
19 of 26 

 

 
Table 3 FSTC of three (3) types of CLT wall assemblies in the units of the Chibougamau 
building during construction 
 
 
Wall ID 

 
Construction details 

 
FSTC 

 

 
Subjective 
Evaluation 

 

Wall 01 

1) 105mm 3-ply CLT,  
2) 12mm air gap,  
3) A 38 x 64mm wood stud (400mm o.c.) wall,  
4) 64mm Roxul in the wall cavity, 
5) 16mm Gypsum board directly attached to 

the outside of the wood studs 

 
47 

 
Acceptable 

Wall 03 

1) 16mm Gypsum board directly attached to 
the outside of a wood stud wall,  

2) The 38 x 64mm stud (400mm o.c.) wall, 
3) 12mm air gap,  
4) 105mm 3-ply CLT,  
5) 12mm air gap,  
6) A 38 x 64mm stud (400mm o.c.) wall,  
7) 64mm Roxul in the wall cavity, 
8) 16mm Gypsum board directly attached to 

the outside of the wood studs 

 
50 

 
Acceptable 

Wall 07 

1) 16mm Gypsum board directly attached to 
the outside of a wood stud wall,  

2) The 38 x 64mm stud (400mm o.c.) wall, 
3) 64mm Roxul in the wall cavity, 
4) 12mm air gap,  
5) 105mm 3-ply CLT,  
6) 12mm air gap,  
7) A 38 x 64mm wood stud (400mm o.c.) wall,  
8) 64mm Roxul in the wall cavity, 
9) 16mm Gypsum board directly attached to 

the outside of the wood studs 

47 Acceptable 

 
 
6.3.2 Effect of Ceiling Cavity Depth (I-Joist Size) and Attachment of the Ends of the Joists to the 
Structure on Impact Sound Insulation (FIIC) in the Chibougamau Building under Construction 

Table 4 summarizes the FIIC measured on four bare CLT floors without any topping and flooring, but 
with different ceiling support details. All floors had one (1) layer 16mm gypsum boards attached to I-
joists through wood straps. The ends of the I-joists were attached to the CLT building frame through joist 
hangers.  A 100mm thick sound insulation material (Roxul) was used in the ceiling cavity. The joists sizes 
and support conditions were varied.  
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Table 4 Effect of ceiling cavity depth and attachment of the ends of the joists to the 
structure frame on the FIIC of CLT floor-ceiling assembly in the Chibougamau building  
under construction 
 

Floor in room: Cavity depth 
(I-joist size) (m) 

End supports 
of the joists FIIC 

303A 200 Yes 36 
303B 356 Yes 37 
302A 200 No 41 
302B 356 No 49 

 

Comparing the FIIC of 303A floor with that of 302A floor, or the FIIC of 303B floor with 302B floor, it 
seemed very obvious that without contact between the ends of the joists and the structure frame, the 
ceiling system had much better FIIC (i.e., 36 vs. 41 and 37 vs., 49).  This confirmed the importance of 
decoupling the ceiling from the structure. The coupling is a significant flanking path that should be 
eliminated or minimized.  
 
Comparing the FIIC of 303A floor with that of 303B floor, or the FIIC of 302A floor with that of 302B 
floor, it was observed that the deeper the cavity was, the better impact sound insulation was.  It was also 
observed that the degree of the effect of the ceiling depth on FIIC was affected by the level of coupling of 
the ceiling with the structure frame.  When the ceiling was coupled with the structure frame (floors 303A 
and 303B), increasing the ceiling depth only improved the FIIC by one (1) point, but for the ceiling 
decoupled from the structure frame, the increase in ceiling depth improved the FIIC by eight (8) points.  
 
Therefore, decoupling the ceiling from the structure frame and the CLT structure floor is very important 
in eliminating or minimizing the flanking path.   
 
 
6.3.3 Effect of Flooring and Underlayment on the FIIC of a Bare CLT Floor with a 356mm Ceiling 
Decoupled from the Structure Frame in Chibougamau Building under Construction 

The study found that for the 208mm CLT floor with a 356mm deep ceiling and I-joists not attached to the 
structure frame, having one (1) layer of 16mm gypsum board and 100mm Roxul in ceiling cavity, and the 
bare floor without topping and flooring, the FIIC was 49, which is closer to the satisfactory level.  A 
further study was conducted on the CLT flooring-ceiling assembly to examine the effect of floating 
floorings and underlayment on the FIIC.  The measurements were made on the floor-ceiling assembly 
with the 1.2m by 1.2m flooring patch floating at the top of the bare CLT floor-ceiling assembly through 
various types of underlayment. Table 5 summarizes the results. 
 
Table 5 Effect of flooring and underlayment type on the FIIC of bare CLT floor-ceiling  
assembly in room 302B in the Chibougamau building under construction. 
 
Type of underlayment  
under  flooring 

No  
flooring 

18mm hardwood 
flooring screwed to  

15mm plywood 

Ceramic tile glued on 
two layers of plywood 

(12mm and 18mm) 
No  49 --- --- 
3mm thick foam for vapour barrier --- 53 51 
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12mm wood fiberboard (Sonopan) --- 56 58 
10mm recycled rubber mat (InsonoMat) --- 55 54 

The results indicated that for the 208mm thick CLT floor with the 356mm deep ceiling decoupled from 
the structure frame, with one layer of 15mm gypsum board and 100mm absorption material in the ceiling 
cavity, the floating hardwood flooring or ceramic tile increased the FIIC above fifty (50), which is the 
impact sound insulation level found to satisfy the majority of occupants (though we only used the 3mm 
thick foam to float the flooring or finishing).  The underlayment of 12mm Sonopan or 10mm rubber mat 
significantly enhanced the impact sound insulation.   
 
It must be noted, however, that the tests were conducted using the 1.2m by 1.2m flooring-underlayment 
patch.  The uncovered part of the floor may become a potential flanking path.  Therefore, after the floor is 
fully covered by the flooring and underlayment, higher values of FIIC than these given in the table are 
expected.  
 
6.3.4 Effect of flooring and underlayment on the FIIC of a CLT Floor with a 20mm Gypsum 
Topping (Fermacell) and 10mm Mineral Wood Underlayment and a Ceiling Coupled from the 
Structure Frame in the Chibougamau Building Under Construction 

This study first was conducted on the floor-ceiling system in Room 303A.  On the bare CLT floor with 
the 200mm deep ceiling coupled from the structure frame, the impact sound insulation was not very good, 
as the FIIC was only 36.  For such type of floor–ceiling system, a topping is needed.  Therefore, a 20mm 
thick gypsum board (Fermacell) topping was floating on the bare CLT through a 10mm thick mineral 
wool underlayment.  With this topping and underlayment, the FIIC of the CLT floor-ceiling system 
increased to 53, and the sound insulation of the topping CLT-ceiling system became acceptable.  
 
However, finishing is always needed.  Therefore, further measurements were conducted on the topping-
CLT-ceiling system with various floating floorings.  The measurements were conducted using 1.2m by 
1.2m flooring patch floating at the top of the Fermacell topping through various types of underlayment.  
Table 6 summarizes the results.  
 
Table 6 Effect of flooring and underlayment on the FIIC of topping CLT floor-ceiling  
assembly in room 303A in the Chibougamau building under construction 
 
 
Type of underlayment  
under  flooring 

 
No 

flooring 

 
10mm 

laminated 
flooring 

 
18mm hardwood 
flooring screwed 

to  15mm plywood 

Ceramic tile 
glued on two 

layers of 
plywood (12mm 

and 18mm) 

No 53 --- --- --- 

3mm thick rubber mat 
(InsonBois) --- 53 --- --- 

3mm thick texture felt --- 52 --- --- 

18mm texture felt --- --- 53 54 

10mm rubber mat (InsonoMat) --- --- 55 57 
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A similar study was also conducted on the Fermacell topping-CLT floor-ceiling assembly in room 303B 
where the ceiling was coupled with the structure frame as that in room 303A, but with a deeper ceiling 
cavity of 356mm.  The FIIC of the bare CLT floor with the ceiling was 37, and 56 for the floor with the 
Fermacell topping.  The measurements were conducted using 1.2m by 1.2m flooring patch floating at the 
top of the Fermacell topping through various types of underlayment.  Table 7 summarizes the FIIC 
measured on the topping CLT floor-ceiling system with various types of flooring and underlayment.  
 
 
Table 7 Effect of flooring and underlayment on FIIC of Topping CLT floor-ceiling  
assembly in room 303B in the Chibougamau building under construction 
 
 
Type of underlayment  
under  flooring No 

flooring 

10mm 
laminated 
flooring 

18mm hardwood 
flooring screwed 

to  15mm plywood 

Ceramic tile 
glued on two 

layers of 
plywood (12mm 

and 18mm) 

No 56 --- --- --- 

3mm thick rubber mat 
(InsonBois) --- 56 --- --- 

3mm thick texture felt --- 54 --- --- 

18mm texture felt --- --- 54 55 

10mm rubber mat (InsonoMat) --- --- 58 59 

 
The results show that in general, with Fermacell topping and ceiling coupled with the structure frame, 
additional flooring with rubber-based underlayment further improved the impact sound insulation, but not 
the texture felt.  The reason for not improving the impact sound insulation using the texture felt as the 
underlayment for the floorings is under investigation. Using the 1.2m by 1.2m flooring and underlayment 
patch may be the reason.  But, at least, this has indicated that improvement using felt as the underlayment 
for the flooring was not significant. 
 
As previously explained, if the floor was fully covered by the flooring and underlayment, then a higher 
FIIC than that given in the tables is expected.  Next section provides the sound insulation rating results 
measured on floors and walls with completed finishing in selected units in the two CLT buildings after 
they were completed.  
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6.4 FSTC and FIIC Ratings of CLT Floors and Walls in Selected Units in the 
Completed CLT Buildings in Desbiens and Chibougamau 
Tables 8 and 9 summarize the construction details of the finished walls and floors in selected units in the 
completed CLT buildings in Desbiens and Chibougamau, and their sound insulation ratings.  
 
 
Table 8 FSTC of walls and Floor, and FIIC of floor in the selected units in the completed 
Desbiens CLT building 
 
Locations of walls 
and floor 

Description of the construction 
details of the walls and floor 

 
FSTC 

 
FIIC 

 
 
 
Wall between units  
No. 6 and 8 

 
1. 16mm Gypsum board   
2. Type RC-1 (one leg) 25 Gauge 
resilient channels at 600mm O.C. 
3. 5-layer CLT of 184mm 
4. Type RC-1 (one leg) 25 Gauge 
resilient channels at 600mm O.C. 
5. 16mm Gypsum board 
 

 
 
 

 
46 

 
 
 
 

Not applicable 

 
 
 
 
Wall between units  
No. 5 and 7 

 
1. 16mm Gypsum board  
2. Type RC-1 (one leg) 25 Gauge 
Resilient channels at 600mm O.C. 
3. 3-layer CLT of 78mm 
4. One 25mm air gap filled with Mineral 
wool 
5. 3-layer CLT of 78mm 
6. Type RC-1 (one leg) 25 Gauge 
resilient channels at 600mm O.C. 
7. 16mm Gypsum board  
 

 
 
 
 
 
 

47 

 
 
 
 
 
 

Not applicable 

 
 
Living room floor in 
unit No. 14 
 

 
1.Vinyl 
2. Two layers of 16mm plywood  
3. 19mm by 64mm wood straps at 
400mm) o.c. nailed through  
4. 3.5mm rubber mat 
5. 184mm CLT 
 

 
 
 

38 

 
 
 

47 

 
As given in the table above, airborne sound insulation of the floor in the unit of the Desbiens building 
requires significant improvement because FSTC of 38 is too low to meet any code requirements. The 
airborne sound insulation of the walls in the selected units were 46 and 47, respectively, and the impact 
sound insulation of the floor in the selected unit in the building was 47.  The ratings barely met some code 
requirement of 45 for FSTC and FIIC.  Our subjective evaluation also showed that it is better to further 
improve the sound insulation of the walls and floor.     
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Table 9 FSTC of wall and Floors, and FIIC of floors in the selected units in the completed 
Chibougamau CLT building 
 
Locations of 
wall and floors 

Description of the construction details of the 
wall and floors FSTC FIIC 

 
 
 
 
Wall between units  
Nos. 303 and 304 

 
1. 16mm Gypsum board  
2. 38mm by 64mm)wood studs at 400mm O.C 
3. 64mm Mineral wool in the wall cavity 
4. 12mm air gap  
5. 3-layer CLT of 105mm 
6. 12mm air gap  
7. 38mm by 64mm wood studs at 400mm O.C 
8. 64mm Mineral wool in the wall cavity 
9. 16mm Gypsum board about 11kg/m2 
 

 
 
 
 
 
 

 54 

 
 
 
 
 

Not 
applicable 

 

 
 
 
 
Bedroom floor in unit  
No. 304 

 
1. 12mm floating flooring 
2. Vapor berry 
3. 20mm Fermacell topping (gypsum panel) 
4. 10mm mineral wool 
5. 208mm CLT 
6. 200mm I-joists at 600mm o.c., not attached to 
CLT 
7. 200mm mineral wool (Roxul) 
8. 19mm by 64mm wood furry at 400mm o.c 
9.16mm Gypsum board   
 

 
 
 

 
 

56 

 
 

 
 

 
59 

 
 
 
 
Washroom floor in unit  
No. 304 

 
1.Ceramic tile  
2.Ceramic glue 
3.20mm Fermacell topping (gypsum panel) 
4. 10mm mineral wool 
5. 208mm CLT 
6. 356 mm I-joists at 600mm o.c., not attached 
to CLT 
7. 356mm mm mineral wool (Roxul) 
8. 19mm by 64mm wood furry at 400mm o.c 
9.16mm Gypsum board   
 

 
 
 
 

55 

 
 
 
 

58 

 
 
The table shows that sound insulation ratings of the finished wall and floors in the selected units of the 
completed Chibougamau CLT building were much higher than the forty-five (45) requirements of some 
building codes for FSTC and FIIC.  Our subjective evaluation also found that the wall and floor sound 
insulation was very satisfactory.  
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7 Conclusions 
In general, the vibration performance of the two (2) CLT buildings and their floor vibration performance 
are functional. The efforts made by the design engineers, the architects, and the contractors to make it 
happen, considering the lack of provisions and design guidelines in codes for controlling the vibrations in 
such innovative wood floors and buildings were quite effective.   
 
The study also confirmed that with proper design, construction, and installation of the sound insulation 
solutions studied in this report, CLT floors, walls and buildings can achieve very good sound insulation.    
 
 

8 Recommendations 
Some specific recommendations for CLT building sound insulation:  
 

• If the flanking paths can be minimized, then it is expected that better sound insulation than what 
was measured on the CLT floors can be  achieved ; 
 

• Increasing the stud spacing from 400mm to 600mm for the wood stud walls will enhance the 
airborne sound insulation of the current wood stud-CLT wall assemblies tested in this study ;  
 

• Decoupling ceiling from the structure including the structure frame and CLT floors is a 
significant factor for cost-effective sound insulation solutions ; 
 

• Selection of solutions for FSTC and FIIC above 50 for non-carpeted CLT floors will ensure the  
satisfaction of the majority of occupants ; 
 

• Conducting subjective evaluation is useful to ensure the satisfaction of the occupants ;  
 

• For the implementation of the sound insulation solutions for floating floors, it is necessary to 
consult the wood flooring and ceramic tiles installation guides for floating the flooring and tiles. 
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