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FPInnovations has been conducting a series of field testing on wood mid-rise and tall wood 
buildings, including this 4-story mass timber building in Vancouver, to measure their dynamic 
performance. The general objectives of the field measurements of the building wind-induced 
vibrations and sound insulation performance are to develop improved knowledge and 
assemble a database of wind-induced vibration and sound insulation performance of mid-
rise and tall-wood buildings. Ambient vibration and ASTM acoustic testing were performed 
to measure the dynamic performance of the building including the building natural 
frequencies, damping ratios and mode shapes. It was found that the measured first natural 
frequency and damping ratio of this building are overall similar to those measured from other 
4-storey buildings that have exhibited good wind-induced vibration performance. The
measured apparent impact insulation performance (AIIC) of 58 is considered as a satisfactory 
sound insulation performance indicator according to FPInnovations’ field experience about
occupant satisfaction. It is believed that the test results will help the designers to obtain
insight into the construction details of the building and the correlations between the details
and the final performances in terms of building dynamic and sound insulation performance.
Furthermore, the test results provided reliable data on the vibration and the sound insulation 
performance of the selected floor assemblies. The measured AIIC, building natural
frequencies, and damping ratios can provide technical reference to architects and engineers
to verify their designs and the design tools used.
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1 INTRODUCTION 
Due to the lightweight nature of wood construction, wind excitation induces vibration with a 
larger amplitude when compared to buildings built with heavier materials such as steel and 
concrete (Johansson et. al, 2015). It was concluded that without proper design, even the 6-story 
wood building had excessive wind-induced vibration which led to the occupants’ dissatisfaction. 
Excessive vibration of buildings can cause occupants discomfort and damage finishing, make 
services and equipment in the building not functional. These kinds of vibrations are not safety-
related issues but may affect the market acceptance of mid-rise wood buildings. The design 
method provided in the National Building Code of Canada (NBCC) provides wind-induced 
building vibration-controlled criteria and calculation methods for the criterion parameters.  
However, the NBCC method was developed based on the database for tall steel and concrete 
buildings. Wood building designers have requested FPInnovations to assist in the wind-induced 
vibration-controlled design of wood buildings. Their main problem was to understand whether 
the NBCC method is applicable to mid-rise and tall-wood buildings. And if so, how the NBCC 
method should be applied to design wood buildings.  

The NBCC design method requires the natural frequencies and damping ratios as inputs (NRC 
2015). However, there is little data available for mid-rise and tall-wood buildings' dynamic 
performance (frequencies and damping ratios). Lack of data and experience of the wind-induced 
vibration performance of wood buildings can result in the unsatisfactory design of mid-rise 
wood buildings which can have excessive wind-induced vibration. On the other hand, lack of 
experience and data can also result in unnecessary overdesign of mid-rise and tall-wood 
buildings that are more expensive than steel-concrete buildings. This can have a significant 
negative impact on the market acceptance of mid-rise and tall-wood buildings. Therefore, to 
answer the questions of the designers, to build the knowledge base (experience) and database 
of mid-rise and tall-wood buildings, to verify the NBCC design method, and to verify the design 
tools that the designers used to estimate the building natural frequencies, FPInnovations is 
conducting a series of field testing on mid-rise and tall-wood buildings, including this 4-story 
building in Vancouver, to measure their dynamic performance.  

When wood construction evolved from single-family construction to multi-family mid-rise and 
tall constructions, noise control appeared as another important performance factor for 
designers to consider during the building design.  Wood naturally is lighter than steel and 
concrete and therefore, wood buildings are prone to transfer noise from one unit to its adjacent 
unit easily. The 2015 NBCC requires protection from noise (NRC 2015). For airborne noise, the 
2015 NBCC requires that a dwelling unit shall be separated from every other space in a building 
in which noise may be generated in such a way to provide an apparent sound transmission class 
rating (ASTC) of no less than 47. It also requires that construction separating a dwelling unit 
from an elevator hoistway or a refuse chute shall have a sound transmission class (STC) rating of 
no less than 55. The 2015 NBCC also recommends impact insulation class (IIC) for the floors to 
be not less than 55. The ASTC includes flanking transmission, which cannot be estimated during 
design because it depends not only on the floor and wall assembly designs but also on the 
installations on-site. Therefore, the ASTC has to be measured in the field after the building 
completion. Since this aspect is new for wood construction designers, it has led to some 
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unsatisfactory designs of mid-rise wood buildings. Filling the gap in experience, data, and 
solutions for wood building sound insulation performance motivated FPInnovations to conduct 
field measurements on these types of buildings and to obtain first-hand experience of the 
building sound insulation performance.  

Within this concept, FPInnovations is performing ambient vibration testing (AVT) and acoustic 
testing to develop a database that provides a technical reference to architects and engineers for 
performance-based designs of mid-rise and tall-wood buildings. FPInnovations has a strong 
research history on the sound and vibration performance of wooden structures. The CLT 
handbook, which has a chapter related to this field, is an example of this expertise (Gagnon and 
Karacabeyli, 2019).  

2 OBJECTIVES 
The general objectives of the field measurements of the building wind-induced vibrations and 
sound insulation performance are: 

1. Develop improved knowledge and construct a database of wind-induced vibration and 
sound insulation performance of mid-rise and tall-wood buildings; 

2. Verify the application of the NBCC design method for wind-induced vibration control for 
wood construction; 

3. Verify the design tools used by designers for controlling the wind-induced vibrations and 
noise in mid-rise and tall-wood buildings.  

 

More specifically the objectives of the field testings are to: 

• To measure the building dynamic properties, i.e., its natural frequencies and damping 
ratios that are needed for the designers to conduct the vibration-controlled design 
according to NBCC. The data will also allow designers to conduct seismic design according 
to NBCC. 

• To measure the building sound insulation performance described by its apparent sound 
transmission class (ASTC), which is required by NBCC, and the apparent impact insulation 
performance (AIIC). The ASTC and AIIC are the apparent and actual sound insulation 
performance that the occupants will perceive, which cannot be predicted and can only be 
measured. 
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4 TESTING 
The tests performed in this project include ambient vibration testing and acoustic testing. The 
building in which the tests were performed was located in the city of Vancouver in British 
Columbia. It is a 4-storey mass timber building having a height of 15.9 meters. The construction 
of the building at the time of testing was finished but it was not occupied yet.   

4.1 Ambient Vibration Testing 
FPInnovations has been conducting ambient vibration testing (AVT) since 2010 on mid- to high-
rise wood buildings. The AVT is used to determine the natural frequencies, the damping ratios 
and the mode shape of buildings from building vibration signals. This measuring method uses 
natural excitations, such as wind, heavy traffic, etc., as a means to induce vibrations in the 
structure. 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–concrete buildings, towers, bridges, etc., as related to wind and seismic 
designs. Ambient vibration testing has also been used successfully to determine the natural 
frequencies and damping ratios of wood frame buildings (Camelo et al. 2002; Van de Lindt et al. 
2010). Therefore, ambient vibration testing was conducted to determine the building's natural 
frequencies and damping ratios. 

The system used to conduct the ambient vibration testing consisted of an eight-channel Crystal 
Spider data acquisition device, eight accelerometers of sensitivity around 500 mv/g, and Crystal 
OMA operational modal analysis software loaded on a laptop computer (Figure 1). The 
accelerometers had an operating range of 0.2 to 1000 Hz.  

 

 

The node point of the second cantilever mode in the building elevation direction was close to 
the fourth floor. Therefore, the measurement was conducted on the level 4 ceiling of the fourth 
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floor to make sure that accelerometers can capture all the vibrations from the first and second 
sets of the building cantilever modes of vibration.  

Two accelerometers were fixed horizontally on the corner of the level 4 ceiling as references 
using a custom-made fixture (Figure 2). The axis of one accelerometer was oriented along the 
longer axis (y-axis) of the building, while the axis of the other accelerometer was placed along 
the direction perpendicular to the long axis of the building (x-axis).  The x- and y-axis were 
indicated in the floor plane. Figure 3 describes the definitions of the x and y axes, and the 
locations of all the accelerometers, A1 to A8. This arrangement allows the measurement of the 
signals for the horizontal vibrations of the building in the x and y axes. The other 6 
accelerometers were placed along the symmetric axis of the one section of the building plane in 
the x and y directions at three different locations on the level 4 ceiling, i.e., one at the edge near 
the outer perimeter of the floor plan, one at the other edge near the outer perimeter of the 
floor plan, and one in the center of the floor plan (Figure 3). This setup allows the 
measurements of the two translations and the torsion modes in the building plane. During the 
ambient vibration test, all these eight accelerometers were fixed on the ceiling at the same 
location on level 4.  

 

Figure 2. Reference accelerometers in position along x and y directions on the 4th floor ceiling. 
 

The duration of the data acquisition time window was 2 minutes.  Crystal operational modal 
analysis software was used to extract the vibration modes, and the associated natural 
frequencies and damping ratios, from the time signals measured by the accelerometers.  
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Figure 3. Locations of the accelerometers (A1 to A8) on the level 4 ceiling. (Drawing courtesy of f2a 
architecture ltd.) 
 

Table 1 provides the natural frequencies, damping ratios, and vibration modes of the building, 
as tested in April 2021. The vibration modes in the floor plane were associated with the first 
cantilever mode of the building along with its height. It should be noted that, as the floor plan of 
the building is not symmetrical in all levels, it makes the determination of the exact mode shape 
of the at each frequency challenging. Generally, for a building with a rectangular floor plan, the 
first mode shape is translation along the building's short axis, the second mode is translation 
along the building’s long axis and the third mode shape is torsion mode depending on the ratio 
of the floor plane’s short and long dimensions and the shear wall arrangement.   

 
Table 1. Summary of the first three natural frequencies, damping ratios, and vibration modes of 
the building 

Mode Natural frequency (Hz) Modal damping ratio (%) 
First Mode 2.2 4.4 
Second Mode 3.1 2.5 
Third Mode 5.3 3.9 

 

4.2 Acoustic Testing 
The impact insulation performance of selected floor assembly was assessed on-site in 
accordance with ASTM standard test methods. The complete testing system consists of a sound 
generator, an ISO tapping machine, a sound level meter and data acquisition and analysis 
software. The measurement and analysis systems were calibrated following the relevant 
standards. The test devices used for the acoustic test include: 

• Larson Davis sound level meter, model 831, with a frequency analysis function and an 
automatic recording time history of sound pressure level 
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• Larson Davis DNA4-4.5.1.0 software for data analysis, to obtain frequency spectrum, 
reverberation time spectra and single number ratings 

• Microphone, PCB, model 377B20, 12.5 mm, measurement accuracy with preamplifier 

• Larson Davis calibrator, model CAL200, for all types of microphones 

• Standardized tapping machine 

• Larson Davis omnidirectional noise source, model BAS 001 

• Larson Davis, amplifier, model BAS002 

 

4.2.1 Test Methods 
The airborne sound insulation performance of a wall assembly between two adjacent rooms in 
the building can be determined according to ASTM E336 (ASTM, 2020). This standard allows for 
field testing of a wall or a floor to determine its apparent sound transmission class (ASTC) rating 
due to the direct sound transmission through the wall or floor and the flanking due to indirect 
sound transmission paths. However, as the plan of this building was open space offices it did not 
meet the ASTM E336 (ASTM,2020) requirement of space with maximum volume of 150 m3. On 
the other hand, there was not any room with a 25 m3 minimum volume requirement of ASTM 
E336 to measure the Apparent Sound Transmission Class (ASTC). Therefore only impact sound 
insulation performance was measured.  

The impact sound insulation performance of a floor assembly between two adjacent levels in 
the building was tested according to ASTM E1007 (ASTM, 2019). This standard provides a 
method for assessing the impact sound transmission of a floor assembly by using a standard 
tapping machine on-site. The apparent impact insulation class (AIIC) rating derived by using this 
method takes into account the direct sound transmission through the floor assembly and the 
flanking due to indirect sound transmission paths. The AIIC ratings for the floors tested were 
determined as per the classification in ASTM E989 (ASTM, 2016).   

A single sound level meter Larson Davis Model 831 Type I was used to measure sound levels 
during the tests. Calibration of the microphone that was installed in Larson Davis’s sound level 
meter was performed before and after the testing in conformance with the standard 
requirements. Data analysis was carried out with DNA software of Larson Davis that interfaces 
with the sound level meter. 

4.2.2 Description of Tested Assembly  
The floor-ceiling assembly between the fourth and third levels in the building was chosen for 
impact sound transmission (Figure 4). The selected assembly consisted of a 5 ply CLT panel with 
a 1 m deep suspended ceiling.  The source room was located on the fourth floor with an 
approximate volume of 11 m3. The receiving room was located right below the source room 
with approximate volumes of 18.0 m3. The building construction was finished at the time of 
testing. Details of the floor assembly selected for impact sound transmission testing are given in 
Table 2.  
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Figure 4. Source and receiving rooms floor plan on 4th and 3rd floor, respectively for (Drawing courtesy of 
f2a architecture ltd.). 
 

Figure 5. Measurement performed in the receiving room 
 

Table 2. Details of floor assembly tested for impact sound transmission 
Floor Assembly Construction Details (Cross-Section) 

• 12 mm ceramic tile & grout 
• 50 mm concrete topping 
• 12 mm acoustic mat 
• 105 mm CLT 
• 18” void space under CLT filled with services (sprinkler, ducts, conduit etc.) 
• 5/8” drywall suspended from CLT with light metal gauge framing 
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4.2.3 Test Results 
The test results apply only to the specific floor-ceiling assembly measured for impact sound 
transmission. The results are specifically for the measured rooms described in the report which 
do not include all areas/volumes near the separating partitions 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. Measurements 
performed in accordance with this test method on nominally identical constructions and 
acoustical conditions may produce different results. 

The AIIC measured for the floor-ceiling assembly was 58. Normalized impact sound pressure 
levels of the floor-ceiling assemblies are shown in Figure 6 in 1/3 octave band spectrum for 
frequencies ranging from 125 Hz to 2000 Hz. The blue line in Figure 6 represents measured 
impact sound pressure levels and the black lines show the reference contour fitted to the data 
as per ASTM E989 (ASTM 2016). 

Currently, the 2015 NBCC (NRC 2015) does not specify AIIC or IIC1 (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 the laboratory due to the flanking 
transmission. The measured AIIC measurement of 58 exceeds the minimum NBCC 
recommended IIC of 55. 

 

 
1 An IIC rating is calculated based on standard acoustic measurements carried out in an acoustic chamber 
with all flanking paths suppressed. 
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Figure 6. Normalized impact sound pressure levels in 1/3 octave frequency band spectrum measured 
under the floor-ceiling assembly 
 

5 CONCLUSION 
The tests were performed following standard requirements and provided reliable data of the 
building vibration performance and on the sound insulation performance of the selected floor 
and wall assemblies. The results of the tests performed in this study were used to construct the 
desired knowledge and databases for the wind-induced vibration, seismic, and noise-controlled 
design of wood buildings. The measured AIIC, building natural frequencies and damping ratios 
can provide technical reference to architects and engineers to verify their designs and the 
design tools for performance-based designs of mid-rise wood buildings. The AIIC of 58 is 
considered as satisfactory sound insulation performance according to FPInnovations’ field 
experience of the occupant's satisfaction and subjective evaluation. The measured first natural 
frequency and damping ratio of this building were similar to those measured on other 4-story 
wood buildings that have exhibited good wind-induced vibration performance. This is 
considered as an indication of building design with satisfactory wind-induced vibration. In 
general, a higher frequency indicates a better vibration performance; and a higher damping 
ratio, results in greater acceptance of building vibration by the occupants.  
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