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SUMMARY 

Serviceability performance studied covers three different performance attributes of a building.  
These attributes are 1) vibration of the whole building structure, 2) vibration of the floor system, 
typically in regards to motions in a localized area within the entire floor plate, and 3) sound 
insulation performance of the wall and floor assemblies.  Serviceability performance of a 
building is important as it affects the comfort of its occupants and the functionality of sensitive 
equipment as well.  Many physical factors influence these performances.  Designers use 
various parameters to account for them in their designs and different criteria to manage these 
performances. Lack of data, knowledge and experience of sound and vibration performance of 
tall wood buildings is one of the issues related to design and construction of tall wood buildings. 
 
In order to bridge the gaps in the data, knowledge, and experience of sound and vibration 
performance of tall wood buildings, FPInnovations conducted a three-phase performance 
testing on the Origine 13-storey CLT building of 40.9 m tall in Quebec city. It was the tallest 
wood building in Eastern Canada in 2017.  
 
The two-phase testing was performed: 1) on June 8, 2017, after near completion of the building, 
to measure the building and bare CLT floor natural frequencies and damping ratios, and 2) on 
January 25, 2018, after the building was completed and partially occupied, to measure the 
sound insulation ratings of a CLT floor-ceiling assembly and a CLT partition wall, and on 
February 8, 2018, to repeat the building vibration test to measure the building natural 
frequencies and damping ratios.  
 
Ambient vibration testing was conducted on the building to determine its natural frequencies and 
damping ratios before and after occupied using FPInnovations’ verified AVT protocol. Hammer 
impact testing was conducted on the bare CLT floor to determine its fundamental natural 
frequency and damping ratio.  Static deflection testing was performed on the floor to measure 
the deflection under 1-kN point static load. The floor vibration performance tests used ISO floor 
vibration test methods.  Informal subjective evaluations were conducted on the floor to assess 
the floor vibration performance. ASTM standard field test methods for building sound insulation 
were used to determine apparent sound transmission class (ASTC) and apparent impact 
insulation class (AIIC) of the selected CLT floor-ceiling assembly, and ASTC of the selected 
CLT partition wall.  
 
The measured frequencies for the first three vibration modes of the finished building without 
occupants were 1.4 Hz for the translational vibration in the building short axis, 1.8 Hz for the 
torsion and 3.8 Hz for the translational vibration in the building long axis.  The damping ratios for 
these three modes were 2% to 3% of the critical damping. With the occupants and snow, the 
measured building frequencies slightly reduced.  The measured fundamental natural frequency 
of the bare CLT floor was 10.8 Hz and the 1kN static deflection was 0.19 mm. The floor 
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vibration performance was satisfied to the evaluators. The measured ASTC and AIIC of the 
selected CLT floor-ceiling assembly were 58 and 54, respectively. The measured ASTC of the 
selected CLT partition wall was 65.   
 
In general, the quality of the results indicated that the approaches, methods and equipment 
selected for use for the tests were reasonable for meeting the objectives of this project.   
 
The CLT floor vibration performance is deemed to be satisfactory.  The sound insulation 
performance of the tested CLT floor-ceiling assembly and CLT wall is beyond the code 
requirement and recommendation.     
 
The data provided useful information on the building lateral and shear stiffness, on the floor 
vibration performance, and the building sound insulation performance. It also enhances the 
database of damping ratios of mass timber buildings. The measured frequencies can be directly 
used to verify the calculated building periods by the designers using the design tool, the model 
and the assumptions. Therefore the data can be directly used to improve the design tool, and 
refine the assumptions and the model. The measured ASTC ratings of the CLT floor and the 
CLT wall, and the measured AIIC of the CLT floor can be used to verify the tool used for the 
floor and wall acoustical design, and the acoustical design goal.  
 
In March 2018, a monitoring system was installed in the building to record time histories of the 
building accelerations to wind excitation for a period of at least one year. The data will be used 
to verify the NBCC acceleration equations and criterion for controlling tall building vibration 
induced by wind. 
 
It is recommended to compare the building frequencies estimated by the design tool or model 
with the measured values, to seek out the reasons why if the discrepancies are significant, and 
to decide if and how the models and assumptions should be refined. The measured and 
estimated values should also be correlated with actual experiences of the occupants in the 
building if such information is obtained, for example, through a survey. 
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1 INTRODUCTION AND BACKGROUND 

Over the last decade interest in using engineered wood products to construct tall wood buildings 
has increased, and a great number of buildings with heights above 6 storeys has been built 
worldwide. In Canada, recent efforts to relax the height and area limits for wood construction 
have amplified the interest within the design and construction communities. There is a need to 
better understand the performance of taller and larger wood buildings, as well as to assist 
architects, engineers, code consultants, developers, building owners, and Authorities Having 
Jurisdictions (AHJs). Therefore, FPInnovations and a multi-disciplinary team of professionals 
recently developed and published a Technical Guide for the Design and Construction of Tall 
Wood Buildings in Canada (Karacabeyli and Lum 2014). Its publication has paved the road 
towards designing high-rise wood buildings in Canada.  
 
Chapter 9 of the Technical Guide provides general technical information about testing and 
monitoring of tall wood buildings, for which non-destructive methods are proposed to measure 
the performances. Testing and monitoring of initial and in-service performance are needed in 
order to confirm actual performance and refine design assumptions, and to improve designs to 
make them more cost-effective. The measurements of building and floor vibration performance, 
as described by their natural frequencies and damping ratios, and building sound insulation 
performance, as quantified by Apparent Sound Transmission Class (ASTC) and Apparent 
Impact Insulation Class (AIIC), were recognized by the authors and reviewers of the Technical 
Guide as important data to collect. 
 

1.1 Floor Vibration Performance: NBCC Requirement, Fundamental Natural 
Frequency and 1-kN Static Deflection 

Floor vibration performance is closely associated with the comfort levels of the occupants as 
well as the functions of sensitive equipment in the rooms, and consequently the market 
acceptance of wood buildings. To control floor vibrations, the designers need design methods to 
determine vibration-controlled spans. The National Building Code of Canada (NBCC) requires 
design check for floor vibration performance (NRC:IRC 2015). Currently, the NBCC provides a 
design method to determine vibration-controlled spans of lumber joist floor, using 1-kN static 
deflection as the design parameter. FPInnovations’ researchers found that the combination of 
fundamental natural frequency and static point-load deflection correlate well with human 
perception of vibrations for a broad range of wood-framed floors (Hu 2000). Any wood floor 
vibration can be controlled by controlling the proper combination of the fundamental natural 
frequency of the floor and the 1-kN static deflection. FPInnovations developed a design method 
to determine vibration-controlled spans for CLT slab floors using 1-kN static deflection and 
fundamental natural frequency as design parameters (Hu and Gagnon 2011). This method was 
implemented in the CLT design provisions in the 2016 Supplement of the Canadian Timber 
Design Standard (CSA O86). The field measurement and evaluation are useful to provide the 
feedback to the CSA086 provision.   
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1.2 Building Vibration Performance: NBCC Requirement, Natural Frequencies 
and Damping Ratios  

Lateral building vibration induced by wind is mostly a serviceability issue, although it is related to 
both wind and seismic design. Excessive vibration can cause occupant discomfort and disturb 
proper operation of sensitive equipment (e.g. elevator) and appliances, and reduce the market 
acceptance of tall wood buildings.   
 
The National Building Code of Canada (NBCC) (NRC, IRC 2015) requires a vibration controlled 
design check if a building is dynamically sensitive according to NBCC classification as below:  
a) its lowest natural frequency is less than 1 Hz and greater than 0.25 Hz,  
b) its height is greater than 60 m, or 
c) its height is greater than 4 times its minimum effective width.   
 
The NBCC provides acceleration criteria and equations for calculating peak accelerations so 
that designers can check wind-induced vibration performance (NRC, IRC 2015). This design 
check requires damping as an input to calculate the maximum accelerations. The NBCC also 
requires the calculation of fundamental natural frequencies, with several equations provided 
depending on construction type.  
 
Design engineers in Canada have approached FPInnovations for assistance in identifying the 
appropriate design equations for calculating fundamental natural frequencies equations and 
design values of wood building damping ratios, in order to perform the design check of building 
vibration performance of tall and large wood and hybrid buildings.  
 
Moreover, the measured building natural frequencies contain rich information on the building 
stiffness. For example, the natural frequencies of the building in two orthogonal lateral directions 
are directly related to the building lateral stiffness.  The torsional frequencies of the building are 
directly related to the building shear stiffness.  Therefore, the measured building frequencies 
along with the building structural designs provide the feedbacks to designers and indicate the 
effects of the construction details on the building stiffness.  
 
In short, there is a need of a design guide for controlling wind-induced vibration in midrise and 
tall wood buildings. The guide should include the knowledge of the effects of wood building 
components and details on building stiffness. The guide should also include validated design 
tools to estimate wood building frequencies, and the database of damping ratios of a broad 
range of wood buildings with various structure and construction details.   
 
Therefore, a large database of natural frequencies and damping ratios of a broad range of wood 
buildings with varying details is needed in long term to develop the design guide, and in short 
term to verify the design of the newly built midrise and tall wood buildings and to provide the 
feedbacks to the designers.  
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Progress has been made towards this direction. So far, some field tests of wood and hybrid 
buildings have been conducted. Camelo et al. (2002) reported the measured natural 
frequencies and damping ratios of several one- to three-storey wood buildings.  Hu et al. (2016) 
reported such performance data measured on two midrise wood buildings based on ambient 
vibration testing (AVT), and Feldmann et al. (2016) reported their measured fundamental natural 
frequencies and damping ratios of three  midrise to tall wood buildings, eight observation towers 
and one wind turbine through AVT. The structures tested by Feldmann et al. had height from 
23.8 m to 100 m.  The constructions were classified into timber frame, timber frame with 
cladding, and solid timber tube.  Even if all the work contributed a number of data of midrise to 
tall wood structures to the database of dynamic properties of midrise and tall wood buildings, 
and the test results have been effectively disseminated in the design community, the current 
database is still not large enough to derive the design guide.  More data are needed. 

1.3 Building Sound Insulation Performance: NBCC Requirement for Apparent 
Sound Transmission Class (ASTC), and Recommendation for Impact 
Insulation Class (IIC) 

Sound insulation performance of wall and floor assemblies is another critical aspect which is 
directly associated with the comfort level of the occupants. Minimum performance levels are 
specified in the building codes for airborne and impact sound insulation of wall and floor 
assemblies. The 2015 NBCC (NRC:IRC 2015) specifies the minimum requirement of ASTC 
rating of 47 for floors and walls separating two adjacent units. Currently, the 2015 NBCC 
(NRC:IRC 2015) does not specify IIC ratings for floors. The 2015 NBCC recommends a 
minimum IIC rating of 55 for bare floors tested without a carpet. It is expected that a carpeted 
floor has an IIC rating above 55, but the floor sound insulation can still be a problem because of 
the low frequency footstep noise transmission through the carpeted floor. 
 
The impact sound performance level is generally based on standard tests carried out in 
laboratory environment that assess the direct sound transmission though the floor assembly 
tested. After installation of the assemblies in buildings, the sound insulation performance 
between adjacent rooms (which is what occupants normally hear) is typically less than that 
obtained in the laboratory tests (Quirt et al. 2006). This is because of the flanking (or 
construction errors and/or omissions), which accounts for all sound paths other than the direct 
sound path through the assembly. This led to the requirements for airborne sound insulation 
performance of wall and floor assemblies measured in the field provided in the 2015 NBCC.  
The field ratings take into account flanking and correlate better with the level of sound 
transmission perceived by the occupants. An AIIC rating based on field measurements is also 
lower than an IIC rating measured in laboratory due to the flanking transmission. 
 
Sound insulation performance of a wall or floor assembly in the field, which includes flanking 
paths, cannot be accurately predicted but only measured on-site after commissioning. 
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1.4 Brief Description of the Origine 13-Storey Wood Building and the CLT Slab 
Floor 

The Origine building is a 13-storey residential building and comprised of 12 storeys of mass 
timber post-beam construction (CLT and Glulam) above one storey of concrete (podium-type). It 
is 40.9 m high (Figures 1 and 2a) and currently (at the time of this report) the tallest wood 
building in Eastern Canada.  
 
The lateral load resisting (LR) system of the building is comprised of CLT shear walls (built with 
CLT panels connected using special shear keys as shown in Figure 2b) and CLT elevator cores 
(the thick black lines as shown in the drawing, Figure 3).  
 

 
Drawing Courtesy of Nordic Engineered Wood 

Figure 1. Structural concept of the Origine building  
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(a) Glulam post and beam  

 

 
 

(b) CLT shear walls showing the special 
shear keys  

Figure 2. Post-beam construction and shear walls of the Origine building 

 

 

Drawing Courtesy of Nordic Engineered Wood 

Figure 3. A typical floor plan the Origine building  
 
The structural floor is a continuous multi-span floor built with 175 mm 5-ply CLT panels running 
along the short axis of the building. The ends of the CLT panels are supported on exterior 
supporting walls. The intermediate supports are made of glulam beams supported on glulam 
columns as shown in Figure 2a.  The longest clear span of the CLT floor measured from the 
face to face of the supporting beam is 5.47 m.   

1.5 Performance Tests Conduced 

Given the gaps in the knowledge and the fact that not many tall modern wood buildings have 
been built as yet, the Origine building presents a valuable opportunity to take measurements 
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and accumulate data, especially data from the tallest wood building in the Eastern Canada to 
date.  
  
Two-phase performance testing was conducted.  On June 8, 2017, the floor vibration 
performance tests were conducted on the bare CLT floor, to determine the floor natural 
frequencies, and to measure the stiffness of the floors as defined by the static deflections of the 
floors under 1-kN static load. On the same day, building vibration performance tests were 
conducted to determine the natural frequencies and damping ratios of the building.  After the 
building was completed and partially occupied, on January 25, 2018 building sound insulation 
performance tests were conducted on a selected CLT floor-ceiling assembly and a CLT partition 
wall. On February 8, 2018, the building vibration performance tests were repeated on the 
building. 
 
This report describes the two-phase tests, along with the building and floor details in each 
testing phase, and presents with discussions the results of the tests. Conclusions are drawn and 
recommendations are made. 
 

2 OBJECTIVES 

The overall objectives of the vibration and sound insulation performance tests conducted at the 
Origine were to:  
 

• evaluate the floor vibration performance of the bare (without concrete topping, finish, 
ceiling, etc) CLT floor;   

• determine the dynamic properties of the whole building, e.g., natural frequencies 
(periods) and damping ratios of the building without and with occupants to examine the 
effects of the occupancy on the building vibration performance; and  

• measure the airborne and impact sound insulation performance of a selected CLT floor-
ceiling assembly, and airborne sound insulation performance of a selected CLT wall.  
 

The performance test results provide valuable feedback to the designers about the floor and 
building vibration, and the building sound insulation performance.  The information on floor and 
building frequencies is a good indicator of the floor and building stiffness which is useful for 
verifying the floor and building design. The results also help to validate the design tools and 
assumption used for the building and floor designs, and other calculation methods and 
tools/models of dynamic analysis and sound insulation.  The data helps in the development of 
design values for damping ratios as inputs in the dynamic analyses of wood and hybrid wood 
buildings. Overall this work aims at improving the data and knowledge of designs in terms of 
wind, seismic, and noise control.  
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3 APPROACHES 

To fulfil the objectives, the following approaches were used in the two-phase performance 
testing:  
 

• Phase-1: on June 8, 2017: 
o Conducted floor vibration tests on a selected bare and open CLT floor.  The floor 

vibration tests complied with the ISO standard method (ISO 2016). Conducted an 
Informal subjective evaluation of the floor vibration performance; 

o Performed building vibration test on the building near completion using AVT 
method specified in FPInnovations’ AVT test protocol.  The protocol was verified 
by side by side testing on the CSN building, a 6-storey wood-concrete hybrid 
building in Quebec City by FPInnovations and McGill University in 2010. Since 
then, this protocol has been extensively used by FPInnovations for AVT on 
several mid- to high-rise wood buildings recently built in Canada.  

 
• Phase-2: In 2018, after the building was completed and partially occupied: 

o On January 25, Conducted building sound insulation performance tests on a 
selected CLT floor-ceiling assembly and a CLT partition wall in accordance to 
ASTM standard test methods (ASTM E336-14, ASTM E413-10, ASTM E989-06, 
ASTM E2235-04, and ASTM E1007-13.   

o On February 8, repeated AVT on the building. 
 

4 TECHNICAL TEAM 

Lin Hu      Senior Scientist  
Samuel Cuerrier Auclair, P.Eng  Scientist 
Sylvain Gagnon, P.Eng.   Research Leader 
Anes Omeranovic    Principal Technologist 
 

5 PHASE-1: FLOOR AND BUILDING VIBRATION PERFORMANCE 
TESTING ON JUNE 8, 2017 

5.1 Site and Testing Condition Description 

On June 8, 2017, when the building and floor vibration tests were conducted, the building was 
enclosed with the exterior walls but only some of the exterior cladding had been installed.  The 
interior partition walls between units or between unit and hallway had been installed on most of 
the floors.  Some of the partition walls were finished with gypsum board. No concrete topping 
and no finishes such as carpet, wood flooring, or tiles, were installed on the structural CLT 
floors.  The floors from first to 10th levels were installed with 12.5 mm (1/2”) BP wood fiber board 
on the top of the base CLT floors and 15.9 mm (5/8”) X-type gypsum board directly attached to 
bottom of the CLT floors. All mechanical and electrical services had been installed. Figure 4a 
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shows the exterior view of the building on June 8, 2017.  Figure 4b illustrates the construction 
status of a typical hallway.  Figure 5 shows a CLT floor with BP board on the top and gypsum 
board on the ceiling side.  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

(a) Exterior view of the building on June 8, 
2017 during the building and floor 
vibration testing 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) A typical hallway on June 8, 2017 
during the building and floor vibration 
testing showing the partition walls 

Figure 4. Construction status on June 8, 2017 during the building and floor vibration testing 

 
 
 
 
 
 
 
 
 
 
 

(a) CLT floor covered with BP board on 
June 8, 2017 during building and floor 
vibration testing 

 

 
 
 
 
 
 
 
 
 
 

(b) CLT floor with gypsum board ceiling 
directly attached to its bottom on June 
8, 2017 during testing 

 

Figure 5. Construction status of the most of the CLT floors of the building on June 8, 2017 
during the building and floor vibration testing 
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5.2 Floor Vibration Performance Testing 

5.2.1 Selection of the Test Floor 

It was decided to test the bare CLT floor because the devices for measuring the floor static 
deflection and natural frequencies have to be attached to a structural floor.  Also, the finished 
floors would be covered by a non-composite concrete topping and would have a dropped ceiling 
made of gypsum boards attached to the bottom of the CLT structural floors with resilient 
channels that act as spring. It would have been very challenging to attach the measurement 
devices to the finished floor. Therefore, it was decided to conduct the test on the bare floor 
without any flooring and ceiling.   
 
A bare CLT floor shown in Figure 6 (in yellow) on level 11 was available for measuring its 
fundamental frequency and 1 kN static deflection. Besides, the selected CLT floor has the 
longest span amongst in the building, and the area was accessible at the time of testing (Figure 
7). Testing this floor would provide sufficient information on the vibration performance of other 
CLT floors in the building.  
 
                                                                

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Drawing Courtesy of Nordic Engineered Wood 

Figure 6. The location of the tested CLT floor at the 11th level (highlighted in yellow)  

 

5.2.2 Hammer Impact Test to Determine Floor Fundamental Natural Frequency 

The standard impact-response test, which is also called the modal test, was conducted to 
determine the natural frequency, modal damping ratio, and vibration modes of the selected CLT 
slab floor on level 11. Modal testing followed ISO 18324 (2016) standard procedure.  Hammer 
excitation was selected because of its simplicity and reliability.  
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The hammer impact was applied on the top of the floor by a person sitting on the reference 
beam, as shown in Figure 7.  The two ends of the reference beam were rested on floor 
supporting beams that were considered to be very solid. The hammer impact was located on 
the panel next to the center panel.  At such location, it was unlikely that a nodal point of the first 
three modes would occur.   
 
The floor acceleration was measured using accelerometers.  The accelerometers were attached 
to the top of the CLT floor at the center of each CLT panel that was connected to each other to 
form the CLT floor.   Figure 8 illustrates the hammer impact testing, and the accelerometers on 
the test floor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Hammer impact testing showing the accelerometers and the tester applying the 
hammer impact 

 
The test system used to conduct the floor vibration testing consisted of an eight-channel LMS 
data acquisition device, seven accelerometers of sensitivity around 500 mv/g, an instrumented 
hammer of 2.5-kg Kistler model no. 9278A and the LMS impact-response modal analysis 
software loaded on a laptop computer.  The load cell in the hammer has a sensitivity of 0.23 
mv/N. The soft tip was used for the hammer so that the impact force would have a long duration 
and the impact force energy would be concentrated in the low frequency range of 2 to 50 Hz.   
Such an impact force would excite the fundamental natural frequency of such massive timber 
slab floors, for which the fundamental natural frequency would be expected to be around 10-15 
Hz.  
 
The hammer impact force and the acceleration signals were recorded by the LMS data 
acquisition device, and post-processed to determine the natural frequencies, modal damping 
ratios, and mode shapes using LMS impact–response modal analysis software.  
 

Hammer 

Accelerometer 
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5.2.3 1-kN Static Deflection Test to Determine Floor Stiffness 

The static deflection test was conducted on the same CLT floor as that for the hammer impact 
test to determine the maximum static deflection of the floor under a 1-kN concentrated static 
load and to determine deflection profile across the floor width. Besides, the 1-kN static 
deflection is a measure of the stiffness of the floor.  
 
The basic elements needed to measure static deflection under a concentrated load are: 1) a 
stable reference from which to measure floor movement, it should be rigid and stationary during 
the testing, 2) an accurate and sensitive deflection-measuring device, and 3) a mobile loading 
system. In this study, the beam, simply supported on the floor supporting beams and used in the 
hammer impact test, was used as the reference.   
 
An electronic gauge having a resolution of 0.001 mm was used to measure the floor static 
deflection. The deflection gauge was attached to the reference beam as shown in Figure 8. To 
avoid any effects of the surface conditions of the test floor on the accuracy of the deflection 
measurements, the plunge of the deflection gauge was in contact with the test floor surface 
through a solid base sitting on the surface of the test floor. Figure 8 shows the reference beam, 
the deflection gage mounted on the reference beam and the base where the plunge of the 
deflection gauge was resting.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. 1-kN static deflection testing 

 

Deflection gauge Deflection gauge and base 

Tester applying his 
weight on the floor 
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The static point load was applied by a person standing over the center of each CLT panel that 
composed the CLT floor. Figure 8 shows the load was provided by the tester. The deflection 
profiles of the floors were generated from the complete set of measurements on the test floor. 
Three measurements were taken at each loading location to ensure that stable results were 
obtained. The average of three sets of the deflection profiles were used to plot the deflection 
profile of the test floor under the tester’s weight. The deflection measurements were normalized 
to a 1-kN load.  
 

5.2.4 Informal Subjective Evaluation 

An informal subjective evaluation was conducted by the FPInnovations testing team on June 8, 
2017. One person, the evaluator, stood at the centre of the test floor area, and judged the floor 
movement as other people walked on the floor. The walker was walking with a normal speed 
following instructions. The person was instructed to walk at least two times along the two 
diagonal directions from one corner of the floor to another and along the middle lines in floor 
span and width directions.  

5.3 Building Vibration Performance Testing 

5.3.1 Ambient Vibration Test (AVT) to Determine Building Natural Frequencies and 
Damping Ratios 

AVT uses natural excitations, such as wind, heavy traffic, etc., as means to induce vibrations in 
the structure. The time signals of the building vibration is transferred to frequency domain, the 
natural frequencies, damping ratios and mode shapes of the structure are extracted from the 
frequency domain signals. This test is simple, easy to conduct, and reliable. Therefore, ambient 
vibration tests have been widely used to determine the natural frequencies and damping ratios 
of heavy structures such as steel and concrete buildings, towers, bridges, etc.  
 
Ambient vibration testing has also been used successfully to determine the natural frequencies 
and damping ratios of wood frame buildings (Camelo et al. 2002, Hu et al. 2016 and Feldmann 
et al. 2016). Therefore, ambient vibration testing was conducted on the Origine building nearly 
completion on June 8, 2017 to determine the building natural frequencies and damping ratios. 
 
It was estimated that the node of the second mode of the building as a cantilever beam along its 
height is most likely at the location close to the level-11 floor.  Figure 9 illustrates the two 
estimated mode shapes of the building as a cantilever beam and the potential node location. 
Therefore, the level-12 floor was selected as the reference floor for the reference 
accelerometers to be away from the node on the level-11 floor, so that the building frequencies 
associated with the second cantilever beam model will not be missed from the measurement.   
 
The system used to conduct the ambient vibration testing at the Origine building consisted of a 
four-channel and an eight-channel LMS data acquisition devices, eight accelerometers of 
sensitivity around 500 mv/g, and LMS operational modal analysis (OMA) software loaded on a 
laptop computer. The accelerometers had an operating range of 0.2 to 1000 Hz.  The estimated 
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first frequency of the building by FPInnovations’ home-made simple equation and criterion was 
about 1.4 Hz.  Therefore, the accelerometers have the sufficiently low capacity required to 
measure the building natural frequencies of interest.  
 
The four-channel LMS data acquisition device was used as the master device (on the floor as 
shown in Figure 10). It was located on level-12 floor, the reference floor, and was connected to 
the computer. The computer was equipped with the software for acquiring the signals and for 
post processing of the signals to obtain the natural frequencies, mode shapes, and damping 
ratios. The master data acquisition device and the laptop computer formed the working station 
as shown in Figure 10, and stayed on the level-12 floor through the testing. The eight-channel 
LMS data acquisition device was used as the slave device. It was connected to the master 
device, but it was roving from one test floor to other test floors. The slave and master device 
were connected together to form a 12-channel data acquisition system to acquire the building 
vibration signals measured by accelerometers.  
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

Figure 9. Estimated the first two mode shapes of the Origine building as a cantilever beam 
along it height and the potential node location 
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Figure 10. Test system for ambient vibration testing showing the master data acquisition 
device on the floor, the computer, and the reference accelerometers 

Eight accelerometers were used to measure the building vibration signals. Two accelerometers 
were fixed horizontally on the surface of the corner of level-12 floor through a fixture (Figure 10). 
The axis of one accelerometer was oriented along the building’s long axis, while the axis of the 
other accelerometer was placed along the building’s short axis (Figure 12). These two 
accelerometers were used as references and were connected to the master LMS data 
acquisition device. During the ambient vibration test, these two reference accelerometers were 
always fixed on the floor at the same location on level-12 floor. The other six (6) accelerometers 
were successively moved (roved) from level-12 floor to level-9 floor to measure the building’s 
horizontal vibrations (Figure 11).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 11. Roving accelerometers in position on a floor 

Reference 
Accelerometers 

Master data acquisition device 

Roving 
Accelerometers 

Roving accelerometers 
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Figure 12 describes the locations of the reference accelerometers, A1 and A2, and the locations 
of the roving accelerometers, A3-A8 on the reference floor, 12th level floor.  This arrangement 
allows the measurement of the signals for the horizontal vibrations of the building in the building 
short and long axes. Figure 13 shows the locations of the roving accelerometers on the 10th 
level floor.  Placing the roving accelerometers along the building near symmetrical axis allows 
the identification of the two translations and the torsion modes in the building plane. 
 
Taking the measurements from level-12 floor down to the first level floor is ideal to obtain the 
complete pictures of the building’s two cantilever mode shapes.  However, due to time limitation, 
our measurements were taken from level-12 floor down to level-9 floor using the same setup for 
the roving accelerometers as that used for the 12th floor measurement.  It was found that the 
measured frequencies and damping ratios on each floor was repeatable.  Besides, it was also 
found that such setup was sufficient for identifying the building’s second cantilever beam mode 
shape and to confidently recognize the frequencies and damping ratios associated with the 
building’s second cantilever mode.  
 
The length of the data acquisition time window was 2 minutes. LMS operational modal analysis 
software was used to extract the vibration modes, and the associated natural frequencies and 
damping ratios, from the signals measured by the roving accelerometers at each level along 
with the signals measured by the reference accelerometers for the building. 
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Drawing Courtesy of Nordic Engineered Wood 

Figure 12. Locations of reference (A1-A2) and roving accelerometers (A3 to A8) on level-12 
reference floor  
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Drawing Courtesy of Nordic Engineered Wood 

Figure 13. Locations of roving accelerometers (A3 to A8) on level-9 to -11 floors  
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5.3.2 Verification of the AVT Testing 

The FPInnovations’ AVT protocol including the test setup, test system and the software was 
verified in 2010 when FPInnovations rented the test system and software from LMS. The 
verification testing was performed by side-by-side testing on the CSN-Fondaction building, the 
first contemporary Canadian 6-storey wood-concrete hybrid building in Québec city by 
FPInnovations and McGill University in 2010. McGill test system and the software of the 
operation modal analysis was totally different to the one used by FPInnovations.  McGill test 
system used the wireless sensors, tri-axial LE-3D/5s velocity transducers and LEAS CitySharkII 
data acquisition systems.  The OMA software, ArteMIS, was provided by Structural Vibration 
Solutions A/S and based on Frequency Domain Decomposition method.   
 
The lateral load resisting system of the CSN-Fondaction building was built using reinforced 
concrete for elevator shaft and shear wall at the end of the building. Figure 14 shows the 
completed building and its structural concept.  Figure 15 illustrates the testing on the buildings 
side-by-side by FPInnovations and McGill University.   
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

(a) CSN-Fondaction, Canada first 6-storey 
wood building built in 2010 

(b) CSN-Fondaction building structure showing 
the concrete core and shear wall 

Drawing Courtesy of Nordic Engineered Wood 

Figure 14. CSN building and its structure  
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(a) Test using FPInnovations system (b)Test using McGill University system 
 

Figure 15. FPInnovations and McGill University side-by-side tests on CSN-Fondaction 
building in 2010 to verify FPInnovations’ AVT protocol 

 
Table 1 shows the comparison.  The measured first three frequencies of the building by the two 
parties were almost the same.  The discrepancy in the measured damping ratios was expected. 
It is well recognized by the modal testing community that the damping ratio is a parameter very 
difficult to ensure reliably.  However, from practical and design application point of view, the 
discrepancy in the measured damping ratios is reasonable. Therefore, the comparison proved 
that FPInnovations’ AVT test protocol is reliable.  
 

Table 1. Comparison of the natural frequencies and damping ratios measured on CSN-
Fondaction building side-by-side by FPInnovations and McGill University in 2010 

Natural frequency  
(Hz) 

Modal damping ratio  
(%) 

Vibration mode of floor plane 
 FPInnovations McGill FPInnovations McGill 

2.72 2.72 1 2 Translation vibration in the building long 
axis(1) 

3.92 3.91 3 2 Translation vibration in the building short axis 

7.06 6.92 5 2 Torsion 

Note: 
(1) It is not a surprise to see that the frequency of the translation vibration in the building 

long axis was smaller than that in the building short axis because the building has a 
concrete shear wall at the end of the building as shown in Figure 14.  

 
 

Velocity sensor 
Accelerometers 
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6 PHASE-2: SOUND INSULATION AND BUILDING VIBRATION 
PERFORMANCE TESTING AFTER THE BUILDING COMPLETION 
AND PARTIALLY OCCUPIED IN 2018 

After the building was completed and partially occupied, building sound insulation performance 
testing was conducted on a CLT floor-ceiling and a wall assembly on January 25, 2018.  On that 
day, during the testing, more than half of the residential units was occupied. The ideal unit for 
testing would be an unoccupied unit but finished with gypsum board on the ceiling and walls and 
wood flooring on the floors. This limited the selection of floor-ceiling and wall assemblies for the 
tests.  However, most of the floor-ceiling and wall assemblies in the building are identical in 
terms of the structure and construction details. 
 
The building vibration performance testing was repeated on the building on February 8, 2018.   

6.1 Building Sound Insulation Performance Testing on January 25, 2018 

6.1.1 Description of Tested Assemblies 

6.1.1.1 Floor-Ceiling Assembly 

The CLT floor-ceiling assembly between Units No. 205b (on 2nd floor) and No. 105b (on first 
floor) was available for impact sound transmission and airborne sound attenuation tests. The 
living-dining-kitchen area in unit No. 205b was used as source room and had an approximate 
volume of 71.1 m3. The approximate floor area of the source room was 26.2 m2. The receiving 
room was located in unit No. 105b and identical to the source room in Unit No. 205b, and had 
an approximate volume of 71.1 m3 also. During the testing, the two units were finished, but not 
furnished (Figure 16). 

 

 
 

(a) Source room in unit No. 205b 
 

 

 
 

(b) Receive room in unit No. 105b 

Figure 16. Details of source room and receiving room for floor sound insulation tests (on 
January 25, 2018) 
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It was noticed that there were several openings in the ceiling and walls in both units as shown in 
Figure 17. Figure 18 shows the hood in the kitchen and pipe. The photos were taken in unit No. 
205b.  The situations are the same in unit No. 105b because the two units are identical. These 
openings can contribute to increase the flanking transmissionwhich reduces the sound 
insulation performance of the units. 
 

 
 

 

 
 

Figure 17. Openings on wall and ceiling (photos taken in unit No. 205b) 

 
 

 
(a) Hood 

 

 

 
(b) Pipe 

Figure 18. Hood in kitchen and pipe (photos taken in unit No. 205b) 

 
Details of the CLT floor-ceiling assembly for airborne sound attenuation and impact sound 
transmission tests are given in Table 2.  
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Table 2. Details of CLT floor-ceiling assembly tested for airborne sound attenuation and 
impact sound transmission 

Floor-Ceiling Cross-section Drwaing Construction Details (Cross-
section) 

 

• 12 mm wood floating flooring  
• Acoustic membrane  
• 38 mm concrete 
• 12.5 mm wood fiber board 

(BP board)  
• 175 mm CLT   
• 90 mm Z shape steel channel 

at 600 mm o.c. 
• 90 mm sound absorptive 

material ( Quiétude Écotoch 
Rose) 

• 22 mm W-14 hat steel 
channel at 400 mm o.c 

• 1-layer 16 mm type X gypsum 
board 

 

Drawing Courtesy of Nordic Engineered Wood 

6.1.1.2 CLT Partition Wall Assembly 

The CLT wall assembly separating the living-dining-kitchen areas of the Units No. 605 (on 6th 
floor) and No. 606 (on 6th floor too) in the building was available for airborne sound attenuation 
test. The living-dining-kitchen area in unit No. 605 was used as source room, and had 
approximate volume of 99.6 m3. The living-dining-kitchen area in unit No. 606 was used as 
receiving room, and had approximate volume of 121.0 m3.  The approximate area of the 
partition wall was 20.6 m2.  
 
During the testing, the walls and ceilings of the two units were covered with gypsum board, but 
the floors were not covered (Figure 19).  The units were not occupied (Figure 19).   
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(a) Source room in unit 605 

 

 

 
(b) Receiving room in unit 606 

Figure 19. Details of source room and receiving room for wall sound insulation test (on 
January 25, 2018) 

In Units No. 605 and 606, there were several flanking paths similar to that presented in Units 
No. 205b and 105b, and shown in Figures 17 and 18. 
 
Details of the CLT partition wall assembly for airborne sound attenuation test are given in Table 
3.  
 

Table 3. Details of CLT partition wall assembly tested for airborne sound attenuation  

Partition Wall Cross-section Drwaing Construction Details (Cross-Section) 
 

 
 

• 2-layer 16 mm type X gypsum board 
• 22 mm W-14 hat steel channel at 400 mm 

o.c. 
• 7 layer 245 mm CLT 
• 19 mm air space 
• 90 mm light gauge steel stud at 400 mm 

o.c. 
• 90 mm absorptive material in cavity 

(Quiétude Écotoch Rose) 
• 2-layer 16 mm type X gypsum board 

 
 

Drawing Courtesy of Nordic Engineered Wood 

6.1.2 Test Equipment 
The acoustic test system used for the tests was acquired in 2010 and consisted of a building 
acoustic source kit, which included a sound source, an ISO tapping machine, sound pressure 
level meters, and data acquisition and analysis software. Specifications provided by the 
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equipment supplier indicated that the measurement systems were designed to conform to the 
requirements of the appropriate standards. The calibration data sheets provided by the 
equipment suppliers indicated that the instruments were calibrated in 2010 to the appropriate 
standards. The detailed descriptions of the instruments used for the tests are as followings:  
 

• Precision integrating sound level meter, Larson Davis model 831, with frequency 
analysis function and automatic acquisition of reverberation times; 

• Post-data analysis software, Larson Davis DNA4-4.6, continually updated, frequency 
analysis to obtain the spectrums, single number ratings, and reverberation time 
spectrums, 

• Precision ½-inch microphone, PCB model 377B20, with pre-amplifier; 

• Calibrator, Larson Davis model CAL200, for all microphones; 

• High precision impact system, i.e., the electromagnetic tapping machine, Look Line 
model EM 500 “NEW” (rev. III); 

• Omnidirectional source with amplifier, Larson Davis model ODS12. 

 

6.1.3 Test Methods 
Microphone was calibrated before and after the tests.  The background noise was measured in 
accordance to ASTM E336. The Reverberation Time (RT) or the Decay rates of the receiving 
room were measured according to ASTM E2235 (ASTM 2014). Fifteen decay rates were 
collected (3 microphone positions, 5 decays).  
 
Airborne sound attenuations through the floor-ceiling and partition wall assemblies were 
measured according to ASTM E336 (ASTM 2014). This standard allows for field testing of a 
floor-ceiling assembly or a partition wall assembly to measure its apparent airborne sound 
attenuation due to the direct sound transmission through the floor-ceiling assembly or the 
partition wall assembly and the flanking due to indirect sound transmission paths. The single 
number of ASTC rating for the floor-ceiling assembly tested was calculated from the measured 
sound attenuation, RT, and the background noise as per the classification method in ASTM 
E413 (ASTM 2010) by using DNA software of Larson Davis. 
 
Impact sound insulation performance of the floor-ceiling assembly between two adjacent levels 
in the building was tested according to ASTM E1007 (ASTM, 2013). This standard provides a 
method for assessing the impact sound transmission of a floor-ceiling assembly by using a 
standard tapping machine as source on-site. The tapping machine was placed in three positions 
in the source room (Room No. 250b): 

– Position 1: on CLT floor parallel to CLT’s strong axis. 
– Position 2: same as Position 1 but perpendicular to CLT’s strong axis. 
– Position 3: on CLT floor section at 45° with respect to Position 1. 

 
The apparent impact sound transmission was measured under the floor-ceiling assembly in the 
receiving room by using this method takes into account the direct sound transmission through 
the floor-ceiling assembly and the flanking due to indirect sound transmission paths. The 
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apparent impact insulation class (AIIC) rating for the floor-ceiling assembly tested was 
calculated from the measured impact sound transmission, the background noise, and RT per 
the classification in ASTM E989 (ASTM, 2006) by using DNA software of Larson Davis.  

6.2 Building Vibration Performance Testing on February 8, 2018 

6.2.1 Building Condition on February 8, 2018 

On February 8, 2018, after the building had been partially occupied, the AVT was repeated on 
the building.  It was noticed that during the testing, there was a large amount of snow 
accumulated on the roof and the balconies.  As shown in Figures 20 and 21, the snow 
accumulated on the balcony was around 1 m high. The accumulated snow added to the building 
extra loads which might have some effects on the building natural frequencies.  However, an 
alternate later time was not possible because of availability to access the site and the 
unoccupied reference unit used in Phase I.  
 
 

 
 

Figure 20. Exterior view of Origine Building on February 8, 2018 during AVT showing the snow 
accumulated on the roof and balconies  
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Figure 21. Snow accumulated on balconies 

 

6.2.2 AVT Setup and Method 
In the occupied building, to repeat the AVT conducted on the building without occupant and 
finishes on June 8, 2017 (Section 5) was challenging because it was difficult to find a level for 
setting up the accelerometers in the same way as in the empty building due to the limited 
accesses available for passing cables and installation of accelerometers.  Finally it was found 
that only the level 12 was available for repeating the setup of the accelerometers on June 8, 
2017 testing.  This time (February 8, 2018), on level 12, the unit, Unit No. 1203 was empty 
without occupants.  Moreover, this unit was used for installing the two reference 
accelerometers, A1 and A1 and the working station in the phase-1 AVT on Jane 8, 2017 (Figure 
12).  Therefore, the AVT was performed only on level 12.  The two reference accelerometers 
and the working station were placed in Unit No. 1203 and other 6 accelerometers were placed 
in hallway. The 8 accelerometers were placed on the level 12 floor in the same way as shown in 
Figure 12.  Figure 22 shows the setup of the reference and the roving accelerometers, and the 
working station.  
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(a) Reference accelerometers and working 
station in unit 1203 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Roving accelerometers in hallway 

Figure 22. Reference and roving accelerometer setup in the AVT on February 8, 2018 

Other challenge of the AVT on the finished building was the fixture of the accelerometer to the 
floor having a carpet. During this test, the hallway floor was covered with the carpet. Therefore, 
a special tripod was used.  It was made of a round copper block (1.02 kg) and having three legs 
made with nails of 1.9 mm diameter and mounted to the block.  The tripod was coupled with the 
floor surface through the legs which were pushed through the carpet and under-pad to ensure a 
good contact with the floor surface. Then, the accelerometer was waxed on the top of the 
copper tripod. This approach was further verified through a testing. In the trail testing, building 
frequencies were determined using the tripod approach and the conventional approach for the 
accelerometer fixture. The results were found almost the same.  
 

7 RESULTS AND DISCUSSIONS 

7.1 Floor Vibration Performance 

Table 4 summarizes the attributes of floor vibration performance measured, including the 
comments from the informal subjective evaluation.  
 
Figure 23 shows the typical frequency response function generated from the measured hammer 
impact signal and the acceleration signal using the LMS impact-response modal analysis 
software. The natural frequency, the damping ratio, and the mode shape associated with the 
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fundamental mode of the floor vibration were extracted from a set of the frequency response 
functions.  
 
Figure 24 illustrates the measured typical deflection profile of the test bare and open CLT floor.  
 

Table 4. Summary of attributes of the Origine building CLT floor vibration performance 

Clear span of 
the test floor 

(m) 

Fundamenal 
natural frequency 

(Hz) 

Modal 
damping 

ratio 
(%) 

Maximum 1-kN 
static deflection 

(mm) 

Informal 
subjective 
evaluation 

5.47 10.8 2 0.19 The finished floor 
was satisfied 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 23. Typical frequency response function obtained from the measured signals of the 
test CLT floor  
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Figure 24. Static deflection profile of the test CLT floor 

 

7.2 Building Vibration Performance 

Table 5 presents the measured natural frequencies, damping ratios, and the vibration modes of 
the Origine building as tested on June 8, 2017 when the building was near completion and on 
February 8, 2018 when the building was partially occupied. The vibration modes in the floor 
plane were associated with the first cantilever mode of the building along its height. Figure 25 
shows the time history signals of the acceleration responses of the building to ambient 
excitation including wind, interior and exterior traffic, and the activities of the construction 
workers (June 8, 2017). Figure 26 plots a typical cross-power function generated from the time 
signals measured on level-12 floor and on level-9 floor (June 8, 2017). From the cross-power 
functions, the natural frequencies, the modal damping ratios associated with the natural 
frequencies and vibration modes, and the vibration mode of the floor plan were extracted.  
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Table 5. Summary of the first three natural frequencies, damping ratios, and vibration modes 
of the building 

Natural frequency 
(Hz) 

Modal damping ratio 
(%) Vibration mode 

 Near 
Completion 

Partially 
Occupied 

Near 
Completion 

Partially 
Occupied 

1.4 1.3 2 2 Translation vibration in the building short 
axis 

1.8 1.5 2 4 Torsion 

3.9 3.8 3 2 Translation vibration in the building long 
axis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 25. The typical time signals of horizontal acceleration responses of the building to 
ambient excitation (June 8, 2017) 
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Figure 26. A typical cross-power function between the signals of reference point on level-12 
floor and the point on level-9 floor (June 8, 2017) 

It was interested to observe that the measured first frequencies of the non-occupied and the 
occupied building were close to the predicted frequency of 1.4 Hz.  The estimated 1.4 Hz was 
determined using an empirical equation that was a modification of the NBCC equation by 
calibrating it using FPI’s database of midrise and tall wood buildings.    
 
It was also observed that when the building was completed and occupied, the measured 
frequencies were slightly reduced.  This was thought to be that the additional live loads of the 
occupants and the snow reduced the frequencies.  The damping ratios of the two translation 
modes almost did not change after the building was occupied. The damping ratio of the torsional 
mode was increased.  However, it should be pointed out that the damping measurement 
contains high uncertainty in any modal testing, which has been a fact recognized by the modal 
testing community.   

7.3 Building Sound Insulation Performance 

The test results apply only to the specific CLT wall and floor-ceiling assembly measured for 
airborne sound attenuation and impact sound transmission, respectively. These results are 
specifically for the measured rooms described in the report and shall not be used to 
characterize performance in other areas. The results stated in this report represent only the 
specific construction and acoustical conditions present at the time of the test on January 25, 
2018. Measurements performed in accordance with this test method on nominally identical 
constructions and acoustical conditions may produce different results. 
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Table 6 provides the measured ASTC ratings of the CLT wall separating the living rooms of 
units 605b and 606b and the CLT floor-ceiling assembly of the living-dining-kitchen area in unit 
205. The table also presents the measured AIIC of the CLT floor-ceiling assembly.  The details 
of the CLT wall and the CLT floor-ceiling assembly were described in Section 6.1.1. The table 
also includes the ASTC and AIIC ratings of a similar CLT floor-ceiling assembly of the living 
room in unit No. 304 measured by others.  
 

Table 6. Measured ASTC and AIIC of CLT wall and floor-ceiling assemblies 

Assembly ASTC AIIC 

CLT wall between living rooms in Units No. 605b and 606b 65 N. A. 

CLT floor-ceiling assembly of living-dining-kitchen area in unit 205 58 54 

CLT floor-ceiling assembly of living room in unit 304 measured by 
others 55 55 

 
The measured apparent sound transmissions through the CLT wall and the floor-ceiling 
assembly in 1/3 octave band for frequencies ranging from 125 Hz to 4000 Hz are shown in 
Figures 27 and 28, respectively. The blue lines in the figures represent measured apparent 
sound transmission losses and the black lines show the reference contours fitted to the 
measured apparent sound transmission loss data as per ASTM E433 (ASTM 2010).  
 
The measured absorption normalized impact sound pressure level of the floor-ceiling assembly 
1/3 octave band for frequencies ranging from 100 Hz to 3150 Hz is shown in Figure 29. The 
blue line in Figure 29 represents measured absorption normalized impact sound pressure level 
and the black line shows the reference contour fitted to the measured absorption normalized 
impact sound pressure level data as per ASTM E989 (ASTM 2006). 
 
For the measured sound insulation performance of the CLT floor assemblies in units nos. 205 
and 304 by two parties (Table 6), even if the flanking paths may be not identical in these two 
units, the results were close to each other.  
 
The measured ASTC ratings of 65 for the wall, and 58 for the floor-ceiling assembly are much 
higher than the minimum requirement for ASTC rating of 47 in the 2015 NBCC (NRC, 2015).  It 
is expected that the airborne sound insulation of the building would satisfy the occupants based 
on our experience.   
 
Currently, the 2015 NBCC (NRC 2015) does not specify AIIC or IIC (impact insulation class) 
ratings. The 2015 NBCC recommends a minimum IIC rating of 55 for bare floors tested without 
a carpet. It is expected that a carpeted floor has an IIC rating above 55. An AIIC rating based on 
field measurements is lower than an IIC rating measured in laboratory due to the flanking 
transmission. It is expected the test CLT floor-ceiling assembly with AIIC rating of 54 should 
have the IIC rating above 55, the NBCC recommendation. Based on our experience, the 54 



Advanced Wood-based Solutions for Mid-rise and High-rise Construction: In-Situ Testing of the Origine 13-Storey Building for Vibration and 
Acoustic Performances 

 

FPInnovations – Project No. 301012210, 301012211, 301012212 Page 33 of 38 

AIIC of the CLT floor-ceiling assembly with the wood flooring would satisfy the majority of the 
occupants.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 27. Field measured apparent sound transmission loss in 1/3 octave frequency band 
spectrum (in blue) through the test CLT wall assembly between units No. 606b and 605b on 

January 25, 2018 
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Figure 28. Field measured apparent sound transmission loss in 1/3 octave frequency band 
spectrum (in blue) through the CLT floor-ceiling assembly in unit No. 205 on January 25, 2018 
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Figure 29. Field measured absorption normalized impact sound pressure level in 1/3 octave 
frequency band spectrum (in blue) under the CLT floor-ceiling assembly in unit No. January 25, 

2018  

 
 



Advanced Wood-based Solutions for Mid-rise and High-rise Construction: In-Situ Testing of the Origine 13-Storey Building for Vibration and 
Acoustic Performances 

 

FPInnovations – Project No. 301012210, 301012211, 301012212 Page 36 of 38 

8 CONCLUSIONS 

In general, the quality of the results indicated that the approaches, methods and equipment 
selected for use for the tests were reasonable for meeting the objectives of this project.   
 
The CLT floor vibration performance is deemed to be satisfactory.  The sound insulation 
performance of the tested CLT floor-ceiling assembly and CLT wall is beyond the code 
requirement and recommendation.     
 
The data provided useful information on the building lateral and shear stiffness, on the floor 
vibration performance, and the building sound insulation performance. It also enhances the 
database of damping ratios of mass timber buildings. The measured frequencies can be directly 
used to verify the calculated building periods by the designers using the design tool, the model 
and the assumptions. Therefore the data can be directly used to improve the design tool, and 
refine the assumptions and the model. The measured ASTC ratings of the CLT floor and the 
CLT wall, and the measured AIIC of the CLT floor can be used to verify the tool used for the 
floor and wall acoustical design, and the acoustical design goal.  
 

9 A NOTE 

In March 2018, a monitoring system was installed in the building to record time histories of the 
building accelerations to wind excitation for a period of at least one year. The data will be used 
to verify the NBCC acceleration equations and criterion for controlling tall building vibration 
induced by wind. 
 

10 RECOMMENDATIONS 

It is recommended to compare the building frequencies estimated by the design tool or model 
with the measured values, to seek out the reasons why if the discrepancies are significant, and 
to decide if and how the models and assumptions should be refined.  The measured and 
estimated values should also be correlated with actual experiences of the occupants in the 
building if such information is obtained, for example, through a survey.  
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