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ABSTRACT 
This report documents apparent/field impact insulation class (AIIC/FIIC) ratings and apparent/field sound 
transmission class (ASTC/FSTC) ratings for a large number of light-frame wood-joisted floors, cross-laminated 
timber floors (CLT), massive glulam floors, and a wood-concrete composite floor. The report includes various 
construction details involving finishings, membranes under finishings, toppings, underlayment materials for 
toppings, and drywall ceilings. This report also documents ASTC/FSTC ratings for some light-frame wood stud 
walls and CLT walls. 
 
The AIIC/FIIC and ASTC/FSTC floor ratings were measured either in mock-up of two-story wood buildings, 
located in the structure laboratory in FPInnovations’ Quebec lab, or in wood buildings. The ASTC/FSTC wall 
ratings were measured in a mock-up of a side by side duplex of an FPInnovations member company, and its 
partner, or were measured in wood buildings. All measurements were performed in accordance with ASTM 
standard test methods for field sound insulation performance of floors and walls.  
 
The informal subjective evaluation of field floors and walls by FPInnovations staff, and by occupants, revealed 
that, if a FSTC or FIIC rating is below 45, occupants could clearly hear sound generated by their neighbor’s 
normal activities. If a FSTC or FIIC rating is above 50, occupants could still hear "muffled" sound generated by 
their neighbor’s normal activities, but do not  hear it as clearly. If a FSTC or FIIC rating is above 60, occupants 
could not hear any sound generated by their neighbor’s activities, except when there is a lightweight floor with a 
carpet. In that case, low frequency footsteps could be heard even if the FIIC was above 60.  
 
Based on the findings from this study, it is concluded that, with proper design and onsite flanking control, wood 
buildings may achieve satisfactory sound insulation at a reasonable cost, as demonstrated in the report. It should 
be noted, however that: 
 

 most of the solutions presented in this report had a ASTC/FSTC or AIIC/FIIC rating above 45; 
 

 for light-frame wood-joisted floors, with good flanking control, to achieve FSTC/ASTC and 
FIIC/AIIC rating above 50, a decoupled drywall ceiling and a properly designed four-layer 
sandwich above the floor were required. The sandwich was composed of a finishing, membrane, 
topping, and underlayment; 

 

 for both 175mm CLT floors and 89 mm glulam floors without decoupled ceilings, to achieve 
FSTC/ASTC and FIIC/AIIC ratings above 50 is a challenge. It requires an intelligently designed 
four-layer sandwich topping on the CLT floors, and knowledge of the sound insulation 
performance of the finishing, membrane, topping, and underlayment, which is provided in this 
report. With a dropped acoustic ceiling, using acoustic hangers, it was relatively easy to achieve  
FSTC/ASTC and FIIC/AIIC ratings above 50;  

 

 a wood-concrete composite floor with a 100 mm thick heavy concrete slab bonded to a 89mm-
wood deck can achieve FSTC/ASTC and FIIC/AIIC ratings above 50 quite easily, without 
requiring a dropped ceiling. Such composite floors were the simplest wood floor systems studied 
so far. The floor was composed of only four layers: the finishing, concrete, insulator, and wood 
slab, but it achieved satisfactory sound insulation. This is an attractive approach for sound 
insulation design of wood slab floors with wood exposed on the ceiling side.  

 
However, it must be emphasized that:  
 

 when selecting a solution, a trade-off is required, which takes into account the sound insulation, 
material and labour costs, ease of installation, and impact on other performance aspects, such as 
those related to deformation, fire, thermal insulation, and structural integrity; 
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 to successfully apply solutions provided in this report to building projects, there must be onsite 
quality control pertaining to flanking. The solutions cannot guarantee the same ratings if best 
practices are not followed; 
 

 best practices are comprised of three components: a) flanking control, b) field measurement of 
FSTC/ASTC and FIIC/AIIC ratings of floors and walls after a project is completed, c) subjective 
evaluations by promoters, developers, architects, engineers, and producers, using procedure 
provided in this report. If you do not like the sound insulation, you cannot expect occupants to like 
it either; 
 

 when using wood fibreboard as underlayment, caution should be used when selecting wood 
fibreboard. Its density and dynamic stiffness should be taken into account. Wood fibreboard 
products in the market vary greatly in terms of their density, dynamic stiffness, and their damping 
ratios. It is preferable to have a density higher than 3.5 kg/m2 and a dynamic stiffness lower than 
90 MN/m3 for a 38mm concrete topping. For thicker and heavier toppings than the 38mm 
concrete topping, it is recommended to use thicker and  heavier wood fiberboard with  lower 
dynamic stiffness than that used for the 38mm concrete topping;  
 

 when using cementitious materials  as topping materials, caution should be exercised. At the 
very least, their density, stiffness, and surface hardness should be known;  
 

 The ratings measured on the floors topped with 1.2 m by 1.2 m sandwich patches show trends 
pertaining to the effects of finishings, membranes, toppings, and underlayment materials on 
impact sound insulation. There is no quantifiable relationship between ratings of floors topped 
with 1.2 m by 1.2 m patches and the ratings of the same floors topped with full-size same 
patches. Therefore, ratings measured on floors with a 1.2 m by 1.2 m patch cannot be used to 
estimate the impact sound insulation performance of field floors fully covered with same patches;  
 

 The performance of various finishings, membranes, toppings, and underlayment materials 
studied and presented in this report is unbiased scientific data. There is no intention to promote 
or demote any product.   

 
Further studies will be conducted to measure the acoustic properties of insulation materials in the market. Those 
studies will be used to guide the application of solutions described in this report. 
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1 OBJECTIVES 
The key objective of this study was to establish a database of sound insulation performance information that 
would encompass various conventional and innovative wood-based floor systems and walls. This information 
would then be used to develop a comprehensive guide for noise control in wood buildings in order to: 
 

1) develop solutions for sound insulation of wood-based floors, including light-frame wood-joisted, cross-
laminated timber (CLT), and massive glulam floors, with  emphasis on impact sound insulation in 
FPInnovations’ two-storey wood building mock-up; 

2) evaluate the sound insulation performance of wood floors, including light-frame wood-joisted, CLT, wood-
concrete composite and massive glulam floors in wood buildings, as a follow-up to the implementation of 
the solutions developed;  

3) measure the airborne sound insulation performance of light-frame wood walls with various sound 
absorption materials in wall cavities, in order to better understand the effect of sound absorption materials 
on airborne sound insulation, in a mock-up of a side by side duplex;  

4) measure the sound insulation performance of wood walls in light-frame and cross-laminated timber (CLT) 
wood buildings.  

 
2 INTRODUCTION 
Under the Transformative Technologies Program of Natural Resources Canada, FPInnovations launched several 
projects on next-generation wood building systems to support the expansion and diversification of wood into new 
markets. Next-generation wood systems use innovative wood-based materials and systems, which exceed those 
defined and addressed in current building codes. As part of this initiative, our serviceability-related research 
focuses on addressing issues related to floor and building vibrations, sound insulation, and creep, by developing 
provisions and designing guidelines for controlling vibrations and noise in next-generation wood buildings. This 
report focuses on studying noise control.  
 
Currently, over half of the housing market is involved in multi-family construction, and that trend is growing. This 
represents a large potential market for expanding the use of wood-based products. One of the key impediment for 
using wood in these markets is wood’s poor sound insulation qualities, due to its light weight. Significant efforts 
have been invested in developing solutions for light-frame wood buildings. Although these solutions are effective 
for improving airborne sound transmission, they are not as effective for footstep impact noise control. As well, 
solutions for impact sound insulation in the codes and the literature do not include the effect of finishing type, 
which significantly affects the impact sound insulation of floor-ceiling assemblies. Limited knowledge exists on the 
effects of finishing and underlayment on impact sound insulation. The issue is more pertinent in wood multi-family 
buildings where several complaints were received about footstep impact sound noise transmission through light-
frame wood floors. This was thought to be due to lack of understanding of, and lack of effective solutions for 
impact sound insulation pertaining to light-frame wood-joisted floors in codes and in the literature. 
 
Meanwhile, innovative wood products such as glulam, CLT, and laminated-strand lumber (LSL) have been 
developed and are commercially available in North America. These innovative wood products stimulate the 
development of novel wood-based floor systems, such as CLT floors, wood-concrete composite floors, massive 
glulam floors, etc. Glulam has evolved from massive wood floor systems, traditionally made of timber and plank. 
Such innovative wood floor systems are shallow, but are promising options for long spans. They are good 
alternatives to steel-concrete floors for use in non-residential and mid-to-tall buildings. However, very little is 
known about the sound insulation of such innovative wood-based floor systems. Recently, the sound insulation of 
CLT floors and walls has been studied, and some limited solutions have been developed in laboratories, but much 
about sound insulation in CLT buildings remain unknown. Moreover, for other innovative wood-based floor 
systems such as wood-concrete composite floors, massive glulam floors, etc., almost no studies have been 
conducted on their sound insulation performance or on developing sound insulation solutions.  
 
Furthermore, most building acoustic research has been conducted in ideal laboratory conditions, where flanking 
paths are eliminated. In real buildings, flanking paths are unavoidable. The degree to which flanking paths are 
present depends very much upon the caliber of the workmanship, which is not predictable. Therefore, solutions 
developed in ideal laboratory conditions may not work well in real buildings.  
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FPInnovations conducted this study to bridge the knowledge gap. The key objective of this study was to establish 
a database of sound insulation performance information that would encompass various conventional and 
innovative wood-based floor systems and walls. This information can be used to develop a guide for controlling 
noise in wood buildings in order to:  
 

 develop solutions for sound insulation of wood-based floors, including light-frame wood-joisted, 
CLT and massive glulam floors, with emphasis on impact sound insulation, as close to reality as 
possible;  

 
 measure the sound insulation performance of wood-based floors, including light-frame wood-

joisted, CLT, wood-concrete composite and massive glulam floors in wood buildings, as a follow-
up to implementing the solutions developed under this study;  

 

 evaluate the airborne sound insulation performance of wood walls in light-frame and CLT wood 
buildings.  

 
This study, in contrast with other researchers’ approaches, was conducted in both mock-ups and real wood 
buildings. The approach adopted had two components.  First, the solutions were developed in laboratory mock-
ups then follow-up measurements were taken in the actual wood buildings where the solutions were implemented, 
in order to validate the proposed solutions developed in the mock-ups.  
 
Five (5) types of mock-ups were built for this study. They are briefly summarized below:  
  

 Mock-up-1 was a two-storey, light-frame wood building with wood stud walls in the lower room 
and a wood I-joist floor in the upper room. The upper room was open, without walls or a roof;  

 
 Mock-up-2 had the same lower room construction as that of mock-up-1, except for the floor of the 

upper room. The upper room floor was built with 89 mm glulam;  
 

 Mock-up-3 had the same lower room construction as that of mock-up-1, except for the floor of 
upper room. The upper room floor was built with 175 mm CLT;  

 
 Mock-up-4 had the same lower room construction as that of mock-up-1. But the upper room was 

completely closed, and the floor, walls, and roof were built with 175 mm CLT;  
 

 Mock-up-5 was a side by side duplex with concrete walls and light-frame wood roofs, and a 
partition wall with a concrete frame and an opening for mounting the test wall specimen;  

 
The follow-up field tests were conducted on various wood floors and walls in ten wood buildings, in order to 
measure sound insulation performance.  
 
To develop a guide for noise control and sound insulation solutions, one requires a good knowledge and 
understanding of sound insulation material properties, their interaction with each other, and their interaction with 
floor or wall structures. For this reason, this study focused significantly on investigating the effects of various 
construction details on the sound insulation of light-frame wood-joisted, glulam and CLT floors in mock-ups. The 
construction details included finishing, finishing membrane, topping, topping underlayment, ceiling cavity height, 
and a variable number of layers of gypsum board. Similarly, to gain knowledge of, and information on, the effects 
of sound absorption materials on the airborne sound insulation of wood walls, a laboratory study was conducted 
in mock-up-5 on a wood wall, with various absorption materials inserted into the wall cavity.  
  
Field measurements were taken on the sound insulation of floors and walls of several light-frame wood and CLT 
buildings, on one glulam massive floor in a post-beam wood building, and on a wood-concrete composite floor. 
Informal subjective evaluations were conducted. Field tests were conducted with two objectives in mind. Objective 
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1 was to address complaints about, and provide solutions for, some unsatisfactory wood buildings. Objective 2 
was to follow-up with the implementation of solutions originally developed in our laboratory mock-ups.  
 
All sound insulation tests were performed in accordance with ASTM standard test methods. Meanwhile, the 
informal subjective evaluation conducted by the FPInnovations acoustic research team was used to obtain 
subjective ratings on sound insulation. The correlation between the FSTC/ASTC or FIIC/AIIC ratings and human 
acceptance of building sound insulation is useful for verifying building sound insulation requirements in various 
building codes. 
 
This report documents the results of a laboratory study of mock-ups and field measurements of sound insulation 
of wood buildings. As will be shown, this report contains state-of-the-art information on solutions for controlling 
sound insulation in conventional and innovative wood-based buildings. The solutions for floor impact sound 
insulation with various finishings are unique. Solutions with FSTC/ASTC or FIIC/AIIC ratings measured on 
conventional or innovative field wood-based floors and walls can be directly applied to other similar wood building 
projects to achieve at least similar results, as long as best practices are followed to minimize flanking paths. Most 
of the solutions presented in this report had ASTC/FSTC or AIIC/FIIC ratings above 45. Such solutions are 
considered to be cost-effective and use materials commercially available on the market. Solutions presented in 
this report do not guarantee that the ratings in this report will be achieved, if the solutions are implemented in 
projects without good flanking control.  
 
Architects, designers, and builders will also find the database on the effects of various construction details on 
sound insulation of wood floors and walls to be useful for developing cost-effective acoustical designs for wood-
based floors and walls. Producers of finishing and underlayment materials (insulation) will find this report useful 
for improving their products. The performance of various finishings, membranes, toppings, and underlayment 
materials studied and presented in this report is unbiased scientific data. There is no intent to promote or demote 
any product.   
 
Ratings measured on floors topped with 1.2 m by 1.2 m sandwich patches show trends related to the effects of 
finishing, membranes, toppings, and underlayment materials on impact sound insulation. There is no quantifiable 
relationship between the ratings of floors topped with 1.2 m by 1.2 m patches and ratings of the same floors 
topped with full-size patches of the same type. Therefore, when interpreting ratings measured with 1.2 m by 1.2 m 
patches, caution must be used.  
 
3 BACKGROUND 

3.1 Sound Insulation of Conventional Light-frame Wood Building 
 
Light-frame wood buildings are conventionally built with wood-joisted floors and wood stud walls. Figure 1 shows 
an example of this type of construction. Significant effort has gone into developing sound insulation solutions for 
light-frame wood buildings in various laboratory chambers, without flanking transmission, both in Canada and in 
the world in general, which led to the publication of STC and IIC ratings for hundreds of light-frame wood floor and 
wall assemblies in the National Building Code of Canada (NBC) (NRC 2010). The published solutions for 
improving airborne sound transmission seem to be effective because complaints about airborne sound insulation 
in light-frame wood buildings are rare. This is not the case, though, for footstep impact noise transmission.  
 
Footstep impact noise transmission through floor-ceiling assemblies is a major source of complaints in 
condominiums, with light-frame wood multi-family buildings being no exception. Experience shows that adding a 
properly designed four-layer sandwich, composed of a finish/membrane and a topping/underlayment, on a base 
floor-ceiling assembly, can be an effective solution. But this conclusion needs to be verified and optimized. To 
date, no reliable tools or guidelines have been developed for designing these kinds of multi-layer sandwiches for 
floors in light-frame wood multi-family buildings. Solutions that have historically been used, or proposed, have 
mostly relied on experience, and on trial and error. The proper design of such multi-layer sandwiches requires a 
good knowledge of (1) physical, mechanical, and sound insulation properties of all materials that comprise multi-
layer sandwiches, (2) floor frame and base floor structure properties, (3) ceiling material properties, and (4) ceiling 
support properties. It also requires information on how the sandwich, ceiling, and base structures interact to form 
a floor system with optimized impact sound insulation performance, in terms of satisfactory sound insulation, while 
taking into account cost and ease of installation.  
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Solutions proposed for sound insulating light-frame wood floor-ceiling assemblies, published in the NBC, are 
limited to those that use a cementitious topping with a ceiling. But ratings of solutions for impact sound insulation 
in the codes do not include finishings and underlayment materials for floating toppings. Without finishings and 
underlayment materials, the ratings for cementitious topped light-frame wood floor-ceiling assemblies published in 
the codes are poor. It is known that finishings and underlayment material for topping significantly affects the 
impact sound insulation of floor-ceiling assemblies. But in the literatures, there are almost no studies on the 
effects of finishings and underlayment materials on impact sound insulation of light-frame wood floor-ceiling 
assemblies. Therefore, it is impossible to estimate the sound insulation performance of light-frame wood floor-
ceiling assemblies that have a cementitous topping floating on an underlayment and finishing. As well, contractors 
and builders prefer to use a dry topping instead of a wet, cementitious topping. But there is very limited data on 
sound insulation ratings of light-frame wood floor-ceiling assemblies with a dry topping in the literature, except in 
the data sheets of dry topping producers. Besides, most of the solutions published were developed in ideal 
chambers and rated in those chambers, without flanking. Little is known about the effectiveness of these solutions 
in real buildings, with flanking paths. 

 
Figure 1 Light-frame wood construction showing a wood-joisted floor and wood stud wall 

3.2 Sound Insulation of Innovative Wood Buildings 

In addition to conventional light-frame wood construction, there are several types of innovative wood construction, 
including CLT construction, post-beam construction with massive timber floors, such as glulam, and post-beam 
construction with wood-concrete composite floors. Figure 2 illustrates CLT construction with CLT floors and walls, 
and post-beam construction with a massive glulam floor. Figure 3 demonstrates the concept of a wood-concrete 
composite floor system, using CLT, which can be replaced by other massive wood panels.  

 
  

(a) 
CLT construction with CLT floor and walls 

(b) 
Post-beam construction with a massive  glulam floor 
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Figure 2 CLT construction showing CLT floor and walls, and post-beam construction showing a 
massive glulam floor. 

 
Figure 3 Cross-section of a wood-concrete composite floor, using CLT, which can be subsitituted  by 
other massive wood panels. 
 
As shown in Figure 3, the wood-concrete composite floor system consists of 100 mm–200 mm thick reinforced 
concrete and a massive 90 mm–200 mm thick wood deck. Shear connectors are used to bind the concrete and 
wood to form the composite section. Between the concrete and wood deck, a 25 mm–50 mm thermal or sound 
insulator may be inserted. A radiant floor heating system may also be imbedded in the concrete. Such floor 
systems can have a longer span with a relatively shallower depth than conventional light-frame wood or CLT 
floors. Therefore, it is a promising system for mid- to high-rise wood buildings in multi-family or non-residential 
applications.  
 
However, because those types of innovative wood construction with innovative wood floor and wall assemblies 
are relatively new, little information exists on their sound insulation performance.  
 
Recently, some studies have been conducted, mostly in ideal chambers without flanking, to rate the sound 
insulation performance of CLT floor-ceiling and wall assemblies with various sound insulation solutions developed 
to date. Chapter 9 of the CLT Handbook (in the Canadian and US editions) summarizes the solutions with STC 
and IIC ratings for CLT floor-ceiling and wall assemblies (Gagnon and Kouyoumji 2011; Hu and Adams 2012). 
These solutions were developed primarily in Europe and used insulation materials available in Europe. The 
National Research Council (NRC 2013) recently conducted a study, rating the sound insulation performance of 
CLT floor-ceiling and wall assemblies with various sound insulation solutions developed at NRC in its acoustic 
chamber. The study did not include however, finishing, dry topping, and flanking.  
 
Currently, there is no available data or information on sound insulation solutions and their ratings for massive 
timber and wood-concrete composite floors.  
 
 
3.3 Summary of Knowledge or Data Gaps of Sound Insulation Performance in Codes and the 

Literature 
 
Based on the above discussion, the knowledge and data gaps of sound insulation performance are summarized 
below:  
 

 Lack of information on the sound insulation performance of field wood-based floor and walls; 
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 Lack of information on the sound insulation performance of innovative wood systems, such as 
massive timber and wood-concrete composite floor systems; 

 Lack of information on the effects of various sound absorption materials on airborne sound 
insulation performance; 

 

 Lack of information on the effects of finishings, finishing membranes, toppings, and topping 
underlayment material on wood-based floor sound insulation; 

 

 Lack of information on how sandwiches made of finishings-membranes-toppings-underlayment 
material, ceilings, and base floor structures interact to form floor systems with optimized impact 
sound insulation performance, in terms of satisfactory sound insulation, while taking into account 
cost and ease of installation.  
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5 APPROACHES   
To achieve the objectives and bridge the knowledge and data gaps, this study was conducted in both mock-ups 
and real wood buildings.  
 
This study used a two-fold approach. First, solutions were developed in mock-ups, then follow-up tests were 
conducted in the buildings where the solutions were implemented, to measure the sound insulation performance 
indicated by ASTC/FSTC and AIIC/FIIC ratings and to examine whether the solutions work equally well, or better, 
than those in the mock-ups. The following approach was adopted:  
 

 Conduct laboratory studies in five mock-ups. Four types of mock-ups were built for this study. 
Section 7 describes the construction details of the mock-ups; 

 
 Conduct screen studies in the mock-ups on the effects of various construction details, including 

finishing, membrane, topping, and underlayment on wood-based floor impact sound insulation, 
using 1.2 m by 1.2 m (4 ft. by 4 ft.) four-layer sandwich patches placed on top of a bare light-
frame wood-joisted floor, glulam floor, or CLT floor. The sandwich patch was composed of 
finishing-membrane-topping-underlayment. The 1.2 m × 1.2 m specimens were used with the 
intention of screening trends, rather than rating final impact sound insulation performance; 

 

 Conduct full-scale tests on the CLT floor specimen topped with the most promising candidates of 
the four-layer sandwich for impact sound and airborne sound insulation of the CLT floor in mock-
up-4; 

 

 Conduct laboratory studies in mock-up-5 on the effects of sound absorption materials in the wall 
cavity on wood wall sound insulation performance;  
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 Conduct field measurements of sound insulation performance of light-frame wood-joisted floors 
and wood stud walls, CLT floors and walls, a massive glulam floor, and a wood-concrete 
composite floor in 11 real building. 

6 TEST SYSTEM AND METHODS 

6.1 Test Equipment  
 
The acoustic test system used for all 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 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. 
These documents are available for viewing upon request. 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 DNA4-4.5.1.0, 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. 
 

6.2 Test Methods 
 
The sound level meter was calibrated before testing started and verified after measurements were taken. 
 
In all tests, the lower room was used as the receiving room, and the upper room as the source room. The fixed 
microphone position method was used for the tests, to measure average sound pressure levels and decay rates. 
The omnidirectional source was located in the centre of the source room.  
 
The background noise was measured in the receiving room, in accordance with ASTM E1007 (ASTM 2011). As 
required in the ASTM E1007 method, reverberation times were acquired with a pink noise interrupted source, in 
order to calculate equivalent sound absorption in the receiving room, in accordance with ASTM E2235 (ASTM 
2004b). 
 
Impact sound transmission through the floor-ceiling assembly was also measured in the receiving room, using the 
tapping machine located on the floor of the upper room, in accordance with ASTM E1007. The single number 
rating of the impact sound insulation performance of the floor-ceiling assembly, in terms of FIIC, was calculated in 
accordance with ASTM E989 (ASTM 2004a), using normalized test data. Figure 4 illustrates the impact sound 
transmission test.  
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(a) 

 
Source room showing the ISO tapping machine generating 

the impact sound 

(b) 
 

Receiving room showing the sound level meter measuring 
the impact sound transmitted to the lower room through the 

floor-ceiling assembly 
Figure 4 Impact sound transmission test 
 
The airborne sound transmission through the floor-ceiling assembly was also measured in the receiving room, 
using the omnidirectional source located on the source room, in accordance with ASTM E336 (ASTM 2011). The 
single number rating of the airborne sound insulation performance of the specimen, in terms of FSTC, was 
calculated in accordance with ASTM E413 (ASTM 2010), using normalized test data. Figure 5 shows the airborne 
sound transmission test.  
 
Larson Davis DNA software was used to perform calculations to obtain the FSTC/ASTC and FIIC/AIIC ratings. 
 

  
(a) 

Source room showing the omnidirectional loudspeaker 
generating the airborne sound and the sound level meter 

measuring the source sound 
 

(b) 
Receiving room showing the sound level meter measuring 

the airborne sound transmitted to the lower room through the 
floor-ceiling assembly, or to the next room through the wall 

Figure 5 Airborne sound transmission test 
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All measures were done in general agreement with specified standards and protocols. Precision levels were in 
accordance with the technical requirements.  
 
 
6.3  Validation of Test Equipment, Setup, and Methods 
 
The measurement setup and test procedures described above were verified by conducting side-by-side 
measurements on the following: 
 

 a light-frame wood floor-ceiling assembly in our mock-up-1 with an acoustic consultant from 
Acoustec in 2011; 

 a light-frame wood floor-ceiling assembly in Maxxon Corporation’s acoustic facility in 2012. 
 
Acoustec is an established acoustic consultant in Quebec, with more than ten years of experience. It has 
conducted many acoustic projects for the Quebec government and for its own clients. The company was founded 
by a retired Laval University professor. The professor taught the course “Architect Acoustics” to undergraduate 
students. Laval University was the only university in Canada to offer a building acoustics course. Maxxon is an 
American producer of gyp-crete topping and underlayment for sound insulation of multi-family buildings.  Maxxon 
holds extensive experience with field measurements for establishing the performance of, and for developing, 
sound insulation solutions. Although Acoustec and Maxxon have different test systems, follow different 
procedures, and use different software for calculating the single number rating from our test system and software, 
our FIIC results were comparable with those obtained by Acoustec or Maxxon. Table 1 shows the comparisons.  
 
 
Table 1  Measured sound insulation performance on FPInnovations and Maxxon floors by 
FPInnovations, Acoustec, and Maxxon 
 

  

9.5 in. I-joist 
floor 

16 in. truss floor topped with a patch  
made of vinyl finish-topping-underlayment 

Maxxon Acoustic 
II topping fully 

covered 
No topping 

4 ft x4 ft Maxxon 
Acoustic Mat I 

topping 

4 ft x4 ft Maxxon 
Acoustic mat II 

topping 

4 ft x4 ft Maxxon 
Acoustic Mat III 

topping 
No 

finish Vinyl No 
finish Vinyl No 

finish Vinyl No 
finish Vinyl No 

finish Vinyl 

FIIC by  
Maxxon 45 56 47 47 51 55 52 55 56 58 

FIIC by 
FPInnovations 44 55 47 48 53 53 53 54 58 61 

9.5 in. I-joist floor with a ½ in. gypsum board ceiling at the FPInnovations mock-up-1 

FIIC by 
Acoustec 38 

FIIC by 
FPInnovations 37/38 

 
According to Warnock and Birta (1998), a change of one point in the FSTC or FIIC rating should be regarded as 
insignificant unless an examination of the 1/3 octave band data shows significant changes. The one- to two-point 
difference is thought to be due to the unavoidable variations in measurements and test systems.  
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6.4 Informal Subjective Evaluation Procedure for Sound Insulation Performance of Floors and 
Walls 

 
Quick and easy feedback about the sound insulation performance of floor/ceiling and wall assemblies can be 
obtained by using the informal subjective evaluation protocol described below. Combining informal subjective 
evaluations with field measurements for FSTC/ASTC and FIIC/AIIC ratings could provide a good indication of the 
correlation between perceptions and FSTC/ASTC and FIIC/AIIC ratings. It is preferable to conduct informal 
subjective evaluations when the ambient noise level is low, as it is during evening hours. 
 
Procedure for informal subjective evaluation of airborne sound insulation of a partition wall: 
 

Step 1:   Ask the evaluator to sit quietly in a room (receiving room); 
Step 2:   Turn on music at a normal volume in an adjacent room, as a source room, on the other side of  
    the partition wall, or ask at least two people to talk in a normal voice; 
Step 3:   Ask the evaluator, “Do you find the airborne sound insulation in this room to be acceptable?” 
 

Procedure for informal subjective evaluation of airborne sound insulation of a floor: 
 

Step 1:   Ask the evaluator to sit quietly in a room (i.e., receiving room) below the floor to be evaluated; 
Step 2:   Turn on music at a normal volume in a room (i.e., source room) above the evaluator, or ask at  
   least two people to talk in a normal voice; 
Step 3:   Switch the rooms used to house music equipment and conduct evaluations: move the evaluator 

  to the room above and ask him/her to sit quietly, and move the music equipment to the room  
  below. The room above is now the receiving room, and the lower room is the source room;  

Step 4:   Turn on music at a normal volume, or ask at least two people to talk in a normal voice; 
Step 5:   Ask the evaluator the following question: “Do you find the airborne sound insulation in this room  
    to be acceptable?” 
 

Procedure for informal subjective evaluation of impact sound insulation of a floor: 
 

Step 1:   Ask the evaluator to sit quietly in a room (i.e., receiving room) below the floor to be evaluated; 
Step 2:   In the room (source room) above, ask a person to walk at a normal pace on the floor, first with  
   shoes-preferably high-heeled shoes-and then with bare feet; 
Step 3:   Ask the evaluator the following question: “Do you find the impact sound insulation in this room to 

 be acceptable?” 
 
 

7 DESCRIPTIONS OF FIVE MOCK-UPS – FLOOR & WALL SPECIMENS 

7.1 Mock-up-1 of an Open Two-Storey Light-Frame Wood Building with an I-joist Floor-Ceiling 
Assembly in the Upper Room 

 
Mock-up-1 was built to study the effects of various finishes, membranes, toppings, and underlayment materials on 
impact sound insulation of light-frame wood-joisted floor-ceiling assemblies, and to screen ways of optimizing 
designs of four-layer sandwiches made of finishing-membrane-topping-underlayment. For these purposes, the 
upper room does not need to be closed. 1.2 m × 1.2 m sandwich specimens were used for screening trends, not 
for rating the impact sound insulation performance. 
 
7.1.1 Mock-up-1 Construction Details 
 
Mock-up-1 was built with a pair of vertically stacked rooms similar to units in standard wood-frame condominium 
buildings, although the upper room was open, without walls or a roof (Figures 6 and 7).  
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Figure 6 View of mock-up 1 
 

  
(a) 

 
Floor-ceiling assembly topped with a sandwich 

 patch of the upper room 
 

(b) 
 

Lower room 

Figure 7 Upper room and lower room of mock-up-1 
 
The base floor in the upper room was composed of 241 mm deep wood I-joists, spaced at 406 mm o.c. The 
subfloor was 18.5 mm tongue-and-groove plywood subfloor screwed to the joists. One layer of 12.5 mm thick 
normal-type gypsum boards was suspended from resilient channels, which were spaced at 406 mm o.c. and 
attached to the bottom of the joists. 152 mm thick fibreglass batts were placed in the ceiling cavity. Acoustic tape 
was used to seal the gaps between the gypsum boards.  
 
The four edges of the floor were supported on the walls in the lower room, using screws. The supporting walls 
were built with 38 mm × 140 mm wood studs (nominal 2 x 6) spaced at 406 mm o.c., and 12.5 mm OSB panels 
were installed as sheathing on the outside face of the walls (screwed directly into the studs). 12.5 mm gypsum 
boards were installed on the interior face of the walls (screwed directly into the studs). OSB panels and gypsum 
boards were oriented with the long axis perpendicular to the wood studs. Fibreglass batts of 2.0 kg/m2 filled the 
wall cavity. The STC rating of the stud walls was around 50. Two windows, 0.66 m wide and 1.53 m high, and one 
door, 0.91 m wide and 2.11 m high, were installed in the walls of the lower room, as is commonly found in 
condominium buildings.  
 
To reduce flanking paths, the surfaces of the walls and the perimeter of the ceiling were decoupled by leaving a 2 
mm gap between the wall surfaces and the ceiling perimeter. Acoustic sealant was used to seal the gaps. All 
joints between gypsum boards were taped, and screws holes were filled with drywall joint compound.  
 
The lower room floor was built on a reinforced concrete slab. The wood stud walls were anchored to the concrete 
ground floor, using 12.5 mm anchor bolts at 600 mm o.c. spacing.  
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The lower room size was 2.72 m high, measured from the gypsum board ceiling to the ground floor surface, and 
was 3.29 m wide and 5.14 m long. 
 
7.1.2 I-Joist Floor-Ceiling Specimens 
 
The specimens consisted of the following, from top to bottom:  
 

 1.2 m by 1.2 m multi-layer sandwich, composed of a finishing, membrane for the finishing,  
topping, and underlayment for the topping; 

 18.5 mm thick plywood subfloor; 
 241 mm deep wood I-joists at 406 mm o.c.; 
 Resilient channels at 406 mm o.c.; 
 12.5 mm normal-type gypsum boards; 
 152 mm thick fibreglass in the ceiling cavity. 

 
Tables 2 to 5 summarize the materials used to build the multi-layer sandwiches. The specimens were used to 
study the effects of various finishings, membranes, toppings and underlayment materials on the impact sound 
insulation performance of the I-joist floor-ceiling assembly and to develop solutions for controlling impact noise in 
the light-frame wood-joisted floor-ceiling assembly.  
 
Table 2 Summary of finishings used to study the effects of finishings on the impact sound insulation 
of the I-joist floor-ceiling assembly in mock-up-1 
 

Finishing Material Description Thickness 
(mm) 

Area density 
(kg/m2) 

Laminated flooring Not available 10 12 

Engineered flooring Alpine White Oak flooring  12 8.5 

Engineered flooring White Linen Oak flooring with 2 mm cork on back  15 10.6 

Hardwood flooring raft 18 mm hardwood flooring and 16 mm plywood  34 22 

Ceramic tile raft 12 mm ceramic on two layers of 12.5 mm plywood  37 32 

 
 
Table 3 Summary of the membranes used to study the effects of membranes on the impact sound 
insulation of the I-joist floor-ceiling assembly in mock-up-1 
 

Membrane Material Trade Name Thickness 
(mm) 

Area density 
(kg/m2) 

White foam  Not available 2 0.05 

Pink foam with a plastic film on one side Not available 3 0.23 

Silver foam with an aluminum film on one side Not available 3 0.30 

Torlys foam  Acoustik TM 2.4 0.25 

Rubber mat Dura 2.4 1.7 

Rubber mat DuraLux 7 2.67 

Rubber mat InsonoFloor 3 1.8 

Rubber mat  Not available 9 6.84 

Mat with a fabric film on one side  Not available 5 1.83 

Felt with a green plastic film on one side Thermason HD 4 0.67 

Felt  S125 18 1.3 
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Table 4 Summary of the topping materials used to study the effects of topping materials on the impact 
sound insulation of the I-joist floor-ceiling assembly in mock-up-1 
 

Topping Material Trade Name Thickness 
(mm) 

Area density 
(kg/m2) 

Normal-weight concrete Generic 38 76 

Lightweight concrete Ecomix 38 70 

Lightweight concrete Ecomix 50 93 

Gypsum panel Fermacell 20 24 

Cement-fibreboard PermaBase 38 45 

Gypsum panel Fiberock 32 32 
 
 
Table 5 Summary of underlayment materials used to study the effects of the underlayment materials 
on the impact sound insulation of the I-joist floor-ceiling assembly in mock-up-1 
 

Underlayment Trade Name Thickness (mm) Area density (kg/m2) 

2-layer 6 mm felt with a blue 
plastic film on one side Thermason VB 12 2.04 

Felt S125 18 1.31 

Rubber mat DuraLux 7 2.67 

Rubber mat InsonoMat 10 4.3 

Wood fibreboard Not available 12.5 3.5 

Wood fibreboard Not available 11 3.3 

Wood fibreboard Not available 22 6.6 

Keen mash Keen 7 0.80 
 
 
7.2 Mock-up-2 of an Open Two-Storey Wood Building with a Massive Glulam Floor in Upper 

Room 
 
To address a request from the wood industry to develop solutions for the sound insulation of massive glulam 
timber floors with exposed ceilings, mock-up-2 was built in order to screen ways of optimizing the performance of 
impact sound insulation with glulam floors. 
 
7.2.1 Mock-up-2 Construction Details 
 
Mock-up-2 was similar to mock-up-1, except for the floor of the upper room. The base floor in the upper room in 
mock-up-2 was built with 89 mm thick and 0.3 m (1 ft.) wide T&G glulam panels, without a ceiling. 
  
7.2.2 Glulam Floor Specimens Topped with Various Four-Layer Sandwiches  
 
Table 6 lists the materials used to build 1.2 m by 1.2 m four-layer sandwiches of finishing-membrane-topping-
underlayment and to study the effects of the materials on the impact sound insulation performance of the glulam 
floor.  
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Table 6 Summary of materials used for the 1.2 m by 1.2 m four-layer sandwich patches topped on the 
89 mm glulam floor specimen in mock-up-2 
 

Material Trade Name Thickness  
(mm) 

Area density 
(kg/m2) 

Finishing 

Laminated flooring Not available 10 12 
Engineered flooring Not available 12 8.5 
Ceramic tile Porcelain 9 11.8 

Membrane 

White foam Not available 2 0.05 
Felt with an aluminum film on one side AcoustiTech PremiumTM 2.4 0.44 
Wood fibreboard Not available 11 3.3 

Topping 

Gypsum panel with 10mm Rockwood on back Fermacell 2E32 30 26 
Normal-weight concrete Not available 38 76 
Lightweight concrete Ecomix 38 70 
Gypsum panel-3 Fiberock 16 16 

Underlayment 

10 mm Rockwool Roxul 10 1.6 
Felt with an aluminum film on one side AcoustiTech Lead 6TM 6 1.02 
Rubber mat InsonoMat 10 4.3 
Felt S125 18 1.3 
Wood fibreboard Not available 12.5 3.5 
Rubber mat Dura 2.4 1.7 
 
 
7.3 Mock-up-3 of an Open Two-Storey Wood Building with a CLT Floor in Upper Room 
 
To address a request from the wood industry to develop solutions for the sound insulation of CLT floors with 
exposed ceilings, mock-up-3 was built in order to screen ways of optimizing the performance of impact sound 
insulation with CLT floors. 
 
7.3.1 Mock-up-3 Construction Details 
 
Mock-up-3 was similar to mock-up-1, except for the floor of the upper room. The base floor in the upper room in 
mock-up-3 was built with 175 mm thick and 1.8 m wide CLT panels with half-lapped (step) joints and without a 
ceiling. 
 
7.3.2 CLT Floor Specimens Topped with Various Four-Layer Sandwiches in Mock-up-3 
 
Table 7 lists the materials used to build the 1.2 m by 1.2 m four-layer sandwiches of finishing-membrane-topping-
underlayment and to study the effects of the materials on the impact sound insulation performance of the CLT 
floor. 
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Table 7 Summary of materials used for the 1.2 m by 1.2 m four-layer sandwich patches topped on the 
175 mm CLT floor specimen in mock-up-3 
 

Material Trade Name Thickness 
(mm) 

Area density 
(kg/m2) 

Finishing 

Carpet Not available 6  
Laminated flooring  Not available 10 12 

Membrane 

Rubber mat InsonoFloor 3 1.8 
Felt with a green plastic film on one side Thermason HD 4 0.67 
Felt with an aluminum film on one side AcoustiTech PremiumTM 2.4 0.44 
White foam Not available 2 0.05 

Topping 

Gypsum board with 12.5 mm wood fibre on back Fermacell 2E31 30 28 
Gypsum panel Fermacell E20 10 12 
Cement-fibreboard  PermaBase 13 14 
Gypsum panel Fiberock 16 16 
Normal-weight concrete Generic 25 50 
Normal-weight concrete Generic 38 76 

Underlayment 

Rubber mat  InsonoMat 10 4.3 
Felt  S125 18 1.3 
Wood fibreboard  Not available 12.5 3.5 
Wood fibreboard Not available 19 5.1 

 
 
7.4 Mock-up-4 of a Two-Storey Wood Building with CLT Floor, Walls, and Roof in Upper Room 
 
With the closed upper room, this mock-up allowed us to study the airborne and impact sound insulation 
performance of CLT floor specimens with various construction details of the ceiling and the sandwich topped on 
the CLT floor.  
 
7.4.1 Mock-up-4 Construction Details 
 
Mock-up-4 of a two-storey wood building was built with a pair of vertically stacked rooms, similar to the units in 
standard wood-based condominium buildings (Figure 8). As can be seen in Figure 8, the roof, floor, and walls of 
the upper room were built with 175 mm thick CLT panels, while the walls in the lower room were conventional 
wood stud walls, as used in mock-ups 1-3. Below is a detailed description of the mock-up, from top to bottom. 
 
The size of the lower room, i.e., the receiving room, was 5.14 m long, 3.29 m wide, and 2.60 m high, measured 
from the bottom surface of the 100 mm high drywall ceiling to the surface of the ground floor. The upper room was 
4.98 m long, 3.16 m wide, and 2.35 m high, measured from the drywall under the CLT roof to the surface of the 
finishing of the floor-ceiling assembly. The height of the upper and lower rooms varies because the thickness of 
the finishing and topping varies, and height of the ceiling varies. 
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Figure 8 View of mock-up-4 of a two-storey wood building 

The roof of the upper room was made from the following components, from top to bottom:  

 175 mm thick and 1.8 m wide CLT slabs with half-lapped (step) joints; 

 38 mm by 38 mm (nominal 2 x 2) wood strapping at 600 mm o.c., parallel to the long axis of the 
CLT panels; 

 Resilient channels (RC) at 400 mm o.c., perpendicular to the wood strapping;  

 38 mm thick S-125 felt of 2.6 kg/m2 in the cavity; 

 Two-layer 12.5 mm gypsum boards. The base layer boards were oriented with the long axis 
perpendicular to the RC with staggered butt joints. The face layer gypsum boards were also 
oriented with the long axis perpendicular to the RC and staggered relative to the base layer. 
The gypsum boards were fastened to the RC, using 41 mm long Type S drywall screws, spaced    
at 305 mm o.c., both at the perimeter and in the field of the boards.  

 
The upper room walls were built in the same way as the roof, except for the RC spacing. The RC on the walls was 
spaced at 600 mm. The STC rating of the CLT wall and roof assemblies was 50. On one wall, a conventional 
door, 1.51 m wide and 2.13 m high, and a window, 0.54 m wide and 1.16 m high, were installed. 
 
The CLT roof panels were connected to the CLT walls of the upper room, using 300 mm long 10d WURTH self-
tapping screws with 300 mm o.c. spacing. 
 
The base floor in the upper room was built with 175 mm thick CLT panels. Angle metal brackets, as seen in 
Figure 9, were used to connect the floor to the walls on the inside face of the walls, as per CLT manufacturer 
specifications. The brackets were spaced at 770 mm o.c. and the distance of the bracket to the wall edge was 
340 mm. Steel plates were used on the outside face of the walls to connect the walls to the floor (Figure 8). 
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Figure 9 Interior CLT wall to CLT floor connection using metal brackets in mock-up-4. 

 
 
The four (4) edges of the CLT floor were attached to supporting walls in the lower room, using 260 mm long 8d 
WURTH screws at 300 mm o.c. spacing. The supporting walls in the lower room were built with 38 mm × 140 mm 
wood studs (nominal 2  x 6 ), spaced at 406 mm o.c., and 12.5 mm OSB panels were installed as sheathing on 
the outside face of the walls (screwed directly into the studs). Gypsum boards of 12.5 mm were installed on the 
interior face of the walls (screwed directly into the studs). OSB panels and gypsum boards were oriented with the 
long axis perpendicular to the wood studs. Fibreglass batts of 2.0 kg/m2 filled the wall cavity. The STC rating of 
the stud walls was also around 50. Two windows, 0.66 m wide and 1.53 m high, and one door, 0.91 m wide and 
2.11 m high, were installed in the walls of the lower room, as commonly found in condominium buildings.   
 
To eliminate flanking paths, the surfaces of the walls and the perimeter of the ceiling were decoupled by leaving a 
2 mm gap between the wall surfaces and the ceiling perimeter. Acoustic sealant was used to seal the gaps. All 
joints between gypsum boards were taped, and screws holes were filled with drywall joint compound.  
 
The lower room floor was built with a reinforced concrete slab. The wood stud walls were anchored to the 
concrete ground floor, using 12.5 mm anchor bolts at 600 mm o.c. spacing.  
 
 
7.4.2 CLT Floor Specimens Topped with Full-size Various Four-layer Sandwiches and with Various 

Ceiling Details 
 
The study was conducted with a full-size sandwich covering the CLT floor, to study the effects of the materials on 
both the impact sound and airborne sound insulation of CLT floors. Table 8 lists the materials used for this study.  
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Table 8 Summary of materials used for the full size of four-layer sandwich topped on the 175 mm CLT 
floor specimen in mock-up-4 
 

Material Trade Name Thickness 
(mm) 

Area density 
(kg/m2) 

Finishing 

Laminated flooring Not available 10 12 
Carpet with 4 mm Flex-Aire on back Flex-Aire Modular Tandus 7 3.5 

Membrane 

Rubber mat InsonoBois 3 1.8 
Felt with an aluminum film on one side AcoustiTech PremiumTM 2.4 0.44 
Felt with a green plastic film on one side Thernason HD 4 0.67 

Topping 

Gypsum panel Panomag® 25 20.5 
Normal-weight concrete Generic 38 76 
Gypsum panel Fibrerock 16 16 

Underlayment 

Plastic membrane Insul-R ® 8 0.38 
Wood fibre board Not available 12.5 3.5 
Recycled rubber mat InsonoMat 10 4.3 

 
 
In this mock-up, the effects of various ceiling details on CLT floor sound insulation performance were studied. In 
the case of CLT floor specimens with a dropped ceiling, the 100 mm or 200 mm high dropped ceiling was made of 
16 mm X-type gypsum boards for the base layer and 12.5 mm normal-type gypsum boards for the face layer. The 
base layer gypsum boards were fastened to steel channels, spaced at 1.2 m o.c. In turn, the steel channels were 
attached to 100 mm long acoustic hangers, which were connected to the bottom of the CLT floor. The spacing of 
the acoustic hangers along the channel was 600 mm.  
 
The base layer boards were oriented with the long axis perpendicular to the steel channels with staggered butt 
joints. The face layer gypsum boards were also oriented with the long axis perpendicular to the steel channels 
and were staggered relative to the base layer. The gypsum boards were fastened to the steel channels, using 41 
mm long Type S drywall screws and spaced at 305 mm o.c., both at the perimeter and in the field of the boards. 
Figure 10 shows the acoustic hanger and the attachment of gypsum boards to the acoustic hangers through the 
steel channels. The ceiling cavity was filled with 90 mm rock wool batts of 3.6 kg/m2 (Roxul). 
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(a) 
 

Acoustic hanger 
 

(b) 
 

Gypsum boards fastened to steel channels, which were 
connected to acoustic hangers 

Figure 10 The dropped ceiling construction details for the CLT floor in mock-up-4 

7.5 Mock-up-5 of Side by Side Duplex for Light-frame wood Wall Study 

Mock-up-5 of a side by side duplex was built at FPInnovations laboratory in Montreal to measure wall airborne 
sound insulation performance.  

7.5.1 Mock-up-5 Construction Details 

Mock-up-5 had two chambers side by side. The chamber was 4.45 m (172 in.) long, 3.61 m (142 in.) wide, and 
2.82 m (111 in.) high. The exterior walls of the chambers were built with 200 mm (8 in.) thick reinforced concrete. 
The interior walls were built with 100 mm (4 in.) reinforced concrete. There was a 50 mm (2 in.) air gap between 
the two interior walls of the two chambers. On the interior walls, there were openings of 1.3 m (51 in.) by 1.3 m 
(51 in.) for mounting the wall specimen. The specimen was mounted to the openings, using clips. Figure 11 
shows a wall specimen and its mounting jig.  
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Figure 11 Wall specimen and its mounting in mock-up-5 

The two (2) chambers have the same size, and are almost identical, except for the roofs. The roof in the source 
chamber was built with a 200 mm (8 in.) thick reinforced concrete slab. The roof in the receiving chamber was 
built with 200 mm (8 in.) reinforced concrete with a 2.44 m (8 ft.) by 3.05 m (10 ft.) opening. During testing, the 
opening was covered with a wood-joisted floor. The floor was built with 38 mm (2 in.) by 235 mm (10 in.) lumber 
at 400 mm (16 in.) on center (o.c.) and with a 16 mm (5/8 in.) plywood subfloor. Figure 12 shows the roofs of the 
source and receiving chambers.  

 
 

 
(a)  Roof of receiving chamber (b)  Roof of source chamber 

Figure 12 Roofs of source and receiving chambers in mock-up-5 
 
 
Figure 12b shows that there were 1.22 m (4 ft.) wide acoustical boards on the walls. The boards were made of 
12.5 mm (½ in.) wood fibreboards and Acoustic-Tech PremiumTM membranes on the surfaces of the wood 
fibreboards.  
 
The test facility was built in a warehouse with a reinforced concrete ground floor. The floors in the chambers had 
an additional 76 mm (3 in.) thick reinforced concrete slab above the concrete ground floor. The chamber floors 
were covered with carpet.  

(a) Roof of receiving chamber
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7.5.2 Light-frame Wood Stud Wall Specimens with Various Sound Absorption Materials in Wall Cavity 
and Varying Wall Cover Thickness 

 
The objective of this study was to examine the effects of various sound absorption materials on the airborne 
sound insulation of a light-frame wall. Therefore, the specimens were simple boxes that were sizes 1.47 m by 
1.47 m (58 in. × 58 in.) and were 45 mm (1.75 in.) thick. The wall cavity was 1.30 m by 1.30 m by 38 mm (51 in. × 
51 in. × 1.5 in.). The specimen was made of four pieces of flat 38 mm by 89 mm (2 × 4) lumber for the frame, with 
two pieces of 3 mm wood composite board on both sides of the lumber frame. Test specimen details are provided 
in Table 9.  
 
Table 9 Details of light-frame wood wall specimens tested in mock-up-5 
 

Specimen ID Absorption material in wall cavity Absorption material density(kg/m2) 

W1 None N/A 
W2  2 layers of  18mm 125 felt (S125) 2.6 
W3 Fiberglass  0.6 
W4 *Felt mat 7.0 
W5 Rockwool (Roxul) 1.5 
W6 Wood fibreboard 8.8 

Note: *The felt mat was made of multi-layer 2.4mm AcoustiTech PremiumTM. 
 
 

8 Descriptions of the Buildings, Field Wood Walls and Floors Tested in 
the Buildings 

8.1 Building Description, and General Description of the Field Wood Walls and Floors 
 
The sound insulation performance of field wood floors and walls in a total of 10 buildings was evaluated. Table 10 
briefly introduces the buildings, floors, and walls. Sections 8.2–8.4 provide construction details of tested field 
floors and walls. 
 
Table 10 Summary of the 10 buildings, and the floors and walls tested in the buildings 
 

Building 
ID 

Building  
Type 

Construction 
 Type 

Floor  
Construction 

Wall  
Construction Occupied? 

B1 Four-storey condo Light-frame Wood I-joist N.A. Yes 
B2 Three-storey condo Light-frame Wood truss N.A. Yes 
B3 Three-storey condo Light-frame Wood truss Wood stud wall No 
B4 Three-story condo Light-frame Wood I-joist N.A. No 
B5 Four-storey condo Light-frame Wood truss N.A. Yes 
B6 Two-storey condo Light-frame Wood truss N.A. Yes 

B7 Three-storey 
retirement house CLT CLT CLT No 

B8 Four-story condo CLT CLT CLT No 

B9 Six-storey office Glulam post & 
beam (P&B) Massive glulam N.A. Yes 

B10 Five-storey office P&B mixed with 
concrete frame 

Wood-concrete 
composite N.A. Yes 
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8.2 Descriptions of the Field Light-frame Wood Walls and Floors 
 
Tables 11 and 12 provide construction details of the field light-frame wood floors. Table 13 provides construction 
details of the field light-frame walls. 
 
Table 11 Field light-frame wood-joisted floor details 
 

Building 
ID 

Floor 
ID Floor details, from top to bottom 

B1 B1-F1 

19 mm hardwood flooring 
13 mm OSB 
6 mm foam underlayment 
16 mm OSB 
406 mm deep I-joists at 400 mm o.c. 
140 mm batt sound absorption material in ceiling cavity 
13 mm resilient channels at 400 mm o.c.  
Two-layer of 16 mm  type-X gypsum boards 

B2 B2-F1 

12 mm laminated flooring 
3 mm foam (EVA) 
38 mm lightweight concrete  
6 mm felt (Themason VB) 
16 mm plywood 
356 mm trusses at 400 mm o.c. 
356 mm sound absorption material in ceiling cavity 
13 mm resilient channels at 400 mm o.c.  
13 mm and 16 mm gypsum boards 

B3 
B3-F1 

12 mm engineering flooring 
2.4 mm rubber mat (Dura) 
Two layers of  16 mm Fiberock  
13 mm wood fiberboard 
16 mm plywood 
356 mm trusses at 400 mm o.c. 
sound absorption material in ceiling cavity 
13 mm resilient channels at 400 mm o.c.  
13 mm and 16 mm gypsum boards 

B3-F2 
Ceramic tiles 
Same as the rest of B3-F2, except for the flooring and rubber mats 

(continued) 
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Table 12 Field light-frame wood-joisted floor details (continuing) 
 

Building 
ID 

Floor 
ID Floor details, from top to bottom 

B4 B4-F1 

Laminated flooring 
3 mm rubber mat (InsonoFloor) 
38 mm normal-weight concrete 
10 mm rubber mat (InsonoMat) 
16 mm plywood 
305 mm I-joists at 400 mm o.c. 
Sound absorption material in ceiling cavity 
Acoustic hangers 
Metal channels at 400 mm o.c. 
Two layers of 16 mm gypsum boards 

B5 
B5-F1 

45 mm normal-weight concrete 
16 mm plywood 
378 mm wood trusses at 400 mm o.c. 
Fiberglass in joist cavity 
13 mm wood fiberboard 
W14 metal channels 
Two layers of 13 mm gypsum boards 

B5-F2 
21 mm carpet with felt underlayment on back 
Rest is the same as B5-F1 

B6 

B6-F1 

Laminated flooring 
8 mm underlayment (6.84 kg/m2) 
16 mm plywood 
406 mm wood trusses at 400 mm o.c. 
Sound absorption material in ceiling cavity 
16 mm gypsum boards 
Two layers of 19 mm by 89 mm wood straps 
16 mm and 12 mm gypsum boards 

B6-F2 
10 mm ceramic tile, on mortar 
13 mm cement-fiberboard 
The rest was the same as B6-F1, except for the laminated flooring 
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Table 13 Field light-frame wood stud wall details 
 

Building 
ID 

Wall 
 ID Wall details, from one side to the other side 

B3 B3-W1 

16 mm  type-X and 12 mm gypsum boards 
38 mm by 89 mm wood studs at 400 mm o.c. 
89 mm soundproofing wool in wall cavity 
13 mm OSB 
16 mm gypsum boards 
25 mm air gap 
38 mm by 89 mm wood studs at 400 mm o.c. 
89 mm soundproofing wool in wall cavity 
16 mm  type-X and 12 mm gypsum boards 

 
8.3 Descriptions of the Field CLT Walls and Floors  
 
 
Tables 14 and 15 provide construction details of the field CLT floors and walls. 
 
Table 14 Field CLT floor details 
 

Building 
ID 

Floor 
 ID Floor details, from top to bottom 

B7 B7-F1 

Vinyl 
Two layers of 16 mm plywood 
19 mm by 64 mm wood straps at 400 mm o.c. 
2.4 mm rubber mat (Dura) 
184 mm CLT 

B8 B8-F1 

12 mm laminated flooring 
Vapour barrier 
20 mm Fermacell 
10 mm Rockwool (Roxul) 
208 mm CLT 
200 mm deep I-joists at 600 mm o.c., not directly attached to CLT slab 
200 mm Rockwood (Roxul) 
19 mm by 64 mm wood straps at 400 mm o.c. 
16 mm gypsum boards 

B8 B8-F2 

Ceramic tiles 
Ceramic glue 
20 mm Fermacell 
10 mm Rockwool (Roxul) 
208 mm CLT 
200 mm deep I-joists at 600 mm o.c., not directly attached to CLT slab 
200 mm Rockwood (Roxul) 
19 mm by 64 mm wood straps at 400 mm o.c. 
16 mm gypsum boards 
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Table 15 Filed CLTwall details 
 

Building 
ID Wall ID Wall details, from one side to the other side 

B7 B7-W1 

16 mm gypsum board 
Type RC-1 (one leg) 25 gauge resilient channel at 600 o.c. 
Five plies  184 mm CLT 
Type RC-1 (one leg) 25 gauge resilient channel at 600 o.c. 
16 mm gypsum board 

B7 B7-W2 

16 mm gypsum board 
Type RC-1 (one leg) 25 gauge resilient channel at 600 o.c. 
Three plies 78 mm CLT 
25 mm air gap filled with Rockwool (Roxul) 
Three plies 78 mm CLT 
Type RC-1 (one leg) 25 gauge resilient channel at 600 o.c. 
16 mm gypsum board 

B8 B8-W1 

16 mm gypsum board 
38 mm by 64 mm wood studs at 400 mm o.c. 
64 mm Rockwool (Roxul)  in wall cavity 
12 mm air gap 
Three plies 105 mm CLT 
12 mm air gap 
38 mm by 64 mm wood studs at 400 mm o.c. 
64 mm Rockwool (Roxul) in wall cavity 
16 mm gypsum board 

 
 
8.4 Descriptions of the Field Massive Glulam Floors 
 
Construction details of the field massive glulam floor are given in Table 16. 
 
Table 16 Field massive glulam floor details 
 

Building 
ID 

Floor 
ID Floor details, from top to bottom 

B9 B9-F1 

Carpet 
18 mm plywood 
20 mm gypsum board (Fermacell) 
10 mm Rockwool (Roxul) 
18 mm plywood 
5 mm felt  
89 mm T&G glulam deck made of 0.3 m wide panels 
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8.5 Description of the Field Wood-concrete Composite Floor 
 
Table 17 gives the details of the wood-concrete composite floor.  
 
Table 17 Field wood-concrete composite floor details 
 

Building 
ID Floor ID Floor details, from top to bottom 

B10 B10-F1 

Carpet 

100 mm reinforced concrete with radiant heating system 

25 mm thick thermal insulator 

89 mm laminated-strand-lumber (LSL) 

HBV shear connectors between concrete and LSL 

 
 
9 RESULTS AND DISCUSSION 
The discussions of the results are based on the following understandings and findings:  
 

 A one- or two-point difference in FIIC/AIIC or FSTC/ASTC rating is not significant because it can 
be attributed to unavoidable variations in test equipment, test environments, and calculations of 
single number ratings; 

 Humans are not good at perceiving sound level changes less than 3dB. Table 18 explains more 
about how humans perceive sound level changes; 

 The informal subjective evaluation of the field floors and wall by FPInnovations staff, and by the 
occupants, revealed that, if the FSTC or FIIC rating is below 45, occupants will not be satisfied 
with the sound insulation performance because they could clearly hear the sound generated by 
their neighbor’s normal activities. If the FSTC or FIIC is above 50, occupants could still hear 
muffled sound generated by their neighbor’s normal activities, but could not hear it as clearly. If 
the FSTC or FIIC is above 60, occupants could not hear any sound generated by their neighbor’s 
activities, except for low-frequency footstep sounds on lightweight wood floors with a carpet. But 
this was our experience: the reader should explore it for him/herself, using proposed subjective 
evaluation procedure provided in this report, along with the field measurements.  

 
Table 18 Perceptible change, due to the change in sound level (dB) (Pope 2003) 
 

Change in sound level 
(dB) Change in perceived loudness 

3 Just perceptible 

6 Noticeable difference 

10 Twice as loud, or reduced to half as loud 

15 Large change 

20 Four times as loud, or reduced to one quarter as loud 
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9.1 Results of the Studies on Light-frame Wood-joisted Floors and Wood Stud Walls 
 
9.1.1 Impact Sound Insulation Performance of the I-joist Floor-ceiling Assembly Topped with Various 

1.2 m by 1.2 m Four-layer Sandwich Patches in Mock-up-1  
 
Tables 19 to 24 summarize the impact sound insulation performance of the base I-joist floor-ceiling assembly 
topped with various 1.2 m by 1.2 m four-layer sandwich patches. The base I-joist floor-ceiling assembly was made 
of: 

 an 18.5 mm plywood subfloor;  
 241 mm I-joists at 406 mm o.c.;  
 12 mm normal-type gypsum boards on the bottom of the I-joists through resilient channels; 
 152 mm thick Fiberglass in the ceiling cavity, see Section 7.1.1 for the details. 

 
It must be noted that the tests were performed in mock-up-1. Mock-up-1 had an open upper room (i.e., single 
storey). Therefore, the FIIC ratings provided in the tables were only for understanding the trend of the effects of 
various floorings, membranes, toppings, and underlayment materials on impact sound insulation performance of 
the wood-joisted floor-ceiling assembly. The FIIC ratings measured in such a setup should not be used to predict 
FIIC ratings of a wood-joisted floor-ceiling assembly fully covered with a four-layer sandwich, similar to that 
described in the tables, in real buildings.  
 
The measured FIIC/AIIC rating of the base floor-ceiling assembly was 38 or 37, depending on the time the 
measurement was taken.  
 
Table 19 FIIC/AIIC ratings of the I-joist floor-ceiling assembly topped with a 1.2 m by 1.2 m patch 
composed of 10 mm laminated flooring, different types of membranes, a 38 mm normal-weight concrete 
topping, and various underlayment materials in mock-up-1 
 

Type of Membrane 
under flooring 

No underlayment for 
concrete topping 

12mm felt (2-layer 
Thermason VB) for 
concrete topping 

12.5 mm wood 
fiberboard for 

concrete 

2mm white foam 44 46 47 
3mm pink foam 44 48 47 
3mm silver foam 43 48 47 
2.4mm Torlys foam 44 47 47 
2.4mm Dura 44 48 48 
3mm rubber mat (InsonoFloor) 44 46 47 
9mm rubber mat 47 51 49 
5mm mat with fabric film on one side 45 46 47 
4mm  felt (Thermason HD) 45 45 48 

 
From this table, we could conclude that:  
 

 All membranes for floating the wood flooring, except for the 9 mm rubber mat, performed almost 
the same, in terms of the impact sound insulation, for the flooring-membrane-concrete-
underlayment-I-joist floor-ceiling assembly; 

 
 The 12 mm felt and the wood fibreboard underlayment for the concrete topping performed almost 

identically, in terms of the impact sound insulation for the assembly. However, it was noticed that, 
in the assembly where the 4 mm felt was used to float the flooring, the 12.5 mm wood fibreboard 
under the concrete topping performed better than the 12 mm felt for impact sound insulation (48 
FIIC vs. 45 FIIC); 
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 When the flooring was floated, the underlayment for the concrete topping did not significantly 

improve the impact sound insulation of the assembly; there was approximately a 1-5 point 
increase in the FIIC rating; 

 
 With the underlayment for the concrete topping, the floor-ceiling assembly with the floating 

flooring achieved an FIIC rating above 45. The highest FIIC rating was achieved in the assembly, 
using the 9 mm rubber mat as the membrane to float the flooring; 

 
 The 10 mm floating flooring and the floating 38 mm normal-weight concrete topping significantly 

improved the impact sound insulation of the base floor-ceiling assembly. The FIIC rating 
increased from 37 or 38 to a range between 43 and 51, depending on the membrane and 
underlayment combination.  

 
Table 20 FIIC/AIIC ratings of the I-joist floor-ceiling assembly topped with a 1.2 m by 1.2 m patch 
composed of 12 mm engineered flooring, different types of  membranes, a 38 mm normal-weight concrete 
topping, and various underlayment materials in mock-up-1 
 
 
 FIIC/AIIC FIIC/AIIC FIIC/AIIC 

 

10 mm rubber mat 
(InsonoMat) under 

 the concrete 

12 mm felt (2-layer 
Thermason VB) under 
the concrete topping 

18 mm felt (S125) 
under the concrete 

topping 

No flooring 45   
12 mm flooring on 3mm rubber mat 
(InsonoFloor) 54 49  
12 mm flooring on 4 mm felt 
(Thermason HD)  45 47 

 
 
This table again demonstrates the significance of the proper combination of membrane for the flooring, and 
underlayment for the concrete topping, to the performance of impact sound insulation for a light frame wood-
joisted floor. Compared to the floor-ceiling assembly without the flooring and with only the 38 mm normal-weight 
concrete topping, the assembly with the flooring floating on the 3mm rubber membrane (InsonoFloor) and the 
concrete topping on the 10 mm rubber mat (InsonoMat) achieved a 9-point higher FIIC rating: an FIIC rating of 54. 
It was also observed that, for such light-frame floor-ceiling assemblies, using the rubber mat to float the flooring 
and the concrete topping seemed more effective for impact sound insulation than felt. However, the floor-ceiling 
assembly with the engineered wood flooring, and with the felt or rubber membrane and underlayment for the 38 
mm normal-weight concrete topping, achieved an FIIC rating above 45.  
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Table 21 FIIC/AIIC ratings of the I-joist floor-ceiling assembly topped with a 1.2 m by 1.2 m patch 
composed of 15 mm engineered flooring, different types of  membranes, a 38 mm normal-weight concrete 
topping, and various underlayment materials in mock-up-1 
 
 FIIC/AIIC FIIC/AIIC FIIC/AIIC 

 

10mm rubber mat 
(InsonoMat) under 

concrete 

12mm felt (2-layer 
Thermason VB) under 
the concrete topping 

18mm felt (S125) 
under the concrete 

topping 

No flooring 45   
15 mm flooring on 3 mm rubber 
(InsonoFloor) 51 46  

15 mm flooring on 4 mm felt 
(Thermason HD)  44 47 

15 mm flooring with the cork built in 
the flooring 50   

 
 
This table is similar to Table 20, except for using 15 mm flooring instead of 12 mm flooring, and similar 
observations were obtained as those discussed, in detail, in Table 20. But, when compared with the FIIC ratings 
of a similar assembly with 12 mm engineered wood flooring, it was noted with surprise that the assembly with the 
15 mm thick engineered wood flooring generally achieved slightly lower FIIC ratings: 1-3 points lower. It was 
noticed that the 15 mm thick flooring was stiffer and heavier than the 12 mm thick flooring. To achieve the same 
level of impact sound insulation for the stiff and heavy flooring as for the soft and light flooring, a softer and thicker 
flooring membrane than that was used for the flexible and light flooring may be required. This observation will be 
further verified.  
 
Table 22 FIIC/AIIC ratings of the I-joist floor-ceiling assembly topped with a 1.2 m by 1.2 m patch 
composed of a 34 mm hardwood raft, the 38 mm normal-weight concrete topping, and various types of 
underlayment materials in mock-up-1 
 
 FIIC/AIIC 

Type of underlayment material under concrete 

None 
12 

mm 
felt 

18 
mm 
felt 

7 mm 
rubber 

10 mm 
Rubber 

12.5 mm wood 
fibreboard 

22 mm wood 
fibreboard 

7mm 
Keen 
Mash 

No 
flooring    46     

7 mm rubber  
under the raft   53      

18 mm felt 
under the raft 53 51  53 53 51 52 49 

 
This table was also similar to Table 19, except for using a 34 mm hardwood raft as finish instead of 12 mm 
flooring, and similar observations were obtained as those discussed in detail for the results in Table 19. As found 
in Tables 19 to 22, floating a concrete topping and flooring was key to achieving good impact sound insulation for 
light-frame wood-joisted floors. Section 9.1.2 will discuss more about the effects of various floorings on the impact 
sound insulation of the assembly.  
 
However, observing the data given in Table 22, it was interesting to note that, if we floated such a thick finishing 
on thick membrane (18 mm felt (S125)), the underlayment for floating the concrete topping does not seem to be 
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necessary as it has little effect, because with the underlayment for the normal-weight concrete topping, the FIIC 
rating did not change, or it decreased in some cases.  
 
With thick finishing floating on 18 mm felt or a 7 mm rubber mat (DuraLux), the floor-ceiling assembly with the 
normal-weight concrete topping achieved an FIIC/AIIC rating above 50. 
 
Table 23 FIIC/AIIC ratings of the I-joist floor-ceiling assembly topped with a 1.2 m by 1.2 m two-layer 
patch composed of various types of finishings and membranes without a topping in mock-up-1 
 

 FIIC/AIIC FIIC/AIIC FIIC/AIIC 
  

18 mm hardwood 
on 16 mm plywood 

(22 kg/m2) 

Ceramic on two 
layers of plywood 

(32 kg/m2) 

10 mm laminated 
flooring 

(12 kg/m2) 

11 mm wood fibreboard 40 38  
11 mm wood fibreboard +  
1-layer of 4 mm felt (Thermason HD) 

38 38  

11 mm wood fibreboard +  
2 layers of 4 mm felt (Thermason HD) 

38 39  

11 mm wood fibreboard +  
3 layers of 4 mm felt (Thermason HD) 

39 40  

11 mm wood fibreboard +  
18mm felt (S125) 

41 41  

10 mm rubber mat (InsonoMat) +  
9mm rubber mat   44 

 
This study may seem not realistic in terms of the application of membranes for finishing. For example, using a 19 
mm rubber mat to float the flooring improved the impact sound insulation from 37 to 44, a 7 point increase, but 
such thick underlayment may lead to excessive deformation of flooring and potential cracking of ceramic tiles 
finishing. However, the goal of this study was to examine the significance of the membrane to floating finishing, in 
terms of impact sound insulation. As we noted for ceramic tile finishing, it was difficult to achieve good impact 
sound insulation. The base floor-ceiling assembly had an FIIC rating of 37 to 38. Adding the ceramic raft on the 
wood fibreboard did not improve the impact sound insulation of the base floor-ceiling assembly until more 
underlayment (18mm felt (S125)) was added. 
 
However, this study also indicated that, without additional mass from a topping, the light-frame wood-joisted floor-
ceiling assembly was unable to achieve an FIIC rating above 45, even when a very thick and softer membrane 
was used. Therefore, adding a floating topping was necessary for light-frame wood-joisted-ceiling floors, to 
achieve an FIIC rating above 45. The next table summarizes the study of the effects of various types of toppings 
and their underlayment materials on impact sound insulation performance.  
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Table 24 FIIC/AIIC ratings of the I-joist floor-ceiling assembly topped with a 1.2 m by 1.2 m four-layer 
patch composed of 10 mm laminated flooring on 3 mm InsonoFloor, various types of  topping, and 
underlayment for the topping in mock-up-1 
 
 FIIC/AIIC 

- No 
flooring 

- No 
membr. 

- 
Topping 

- No 
under. 

-10 mm 
laminated 
flooring 

- No membr. 
- Topping 

- No under. 

-10 mm 
laminated 
flooring 

- 3 mm rubber 
mat 

(InsonoFloor) 
- Topping 

- No under. 

- No flooring 
- No membr. 

- Topping 
-10 mm rubber 

mat 
(InsonoMat) 

- 10 mm  
laminated 
flooring 

- No membr. 
- Topping 

- 10mm rubber 
mat 

(InsonoMat) 

-10 mm 
laminated 
flooring 

- 3mm rubber 
(InsonoFloor) 

- Topping 
- 10mm rubber 

(InsonoMat) 
 

38 mm 
normal-weight 
concrete  
(76 kg/m2) 

33 45 46 46 51 49 

38 mm 
lightweight 
concrete 
(70 kg/m2) 

31 40 43 44 47 45 

50 mm 
lightweight 
concrete 
(93 kg/m2) 

32 43 47 43 47 50 

20 mm 
Fermacell 
panel 
(24 kg/m2) 

41 44 46 46 49 50 

38 mm 
PermaBase 
panel 
(45 kg/m2) 

43 45 48 50 51 50 

32 mm 
Fiberock panel 
(32 kg/m2) 

41 43 47 46 50 49 

Note: the FIIC rating of the bare floor-ceiling assembly was 37 or 38.  
 
Observations:  
 

 Upon examination of FIIC ratings of the floor-ceiling assemblies with only the toppings in column 
1, we found that when wet toppings, such as normal-weight or lightweight concrete toppings, 
were added, the FIIC rating reduced significantly, by about 4-6 points, even if a topping added 
significant mass to the floor. This can be explained by the fact that the surface of the concrete 
topping was much harder/stiffer than the surface of the plywood. In contrast, adding dry topping 
increased the FIIC rating by 4-6 points, even if dry topping had about half the weight of the 
concrete topping. This again demonstrated the significance of surface stiffness/hardness on 
impact sound insulation because the surface of the dry topping was less hard/stiff than the 
concrete topping. We also noticed that the surface of the lightweight concrete was the hardest, 
and the surface of the PermaBase, made of cement and wood fibre, was the softest. We can 
conclude that surface hardness or stiffness played a significant role in impact sound insulation. 
The harder the surface of the assembly, the poorer the impact sound insulation of the floor.  

 
 Upon observing the FIIC ratings in column-2 of assemblies with topping covered by wood 

flooring, we found that the FIIC ratings of concrete-topped assemblies significantly increased by 
9-12 points, which again demonstrated the significance of surface hardness on impact sound 
insulation because the wood flooring had a softer surface than the concrete topping. For the dry 
topping, the flooring did not increase the FIIC rating significantly. But it was interesting to note 
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that the FIIC ratings of the floor-ceiling assembly with various toppings were almost identical, 
except for the floor with 38 mm lightweight concrete. This was very encouraging, in terms of 
using dry topping, because, when dry topping was used along with the flooring, the dry topping 
had very similar impact sound insulation to that of the wet concrete topping, even if the dry 
topping was less than half the weight of the concrete topping. 

 
 Upon observing the FIIC ratings in column-3 of the assemblies, with the topping covered by 

flooring along with membranes, we found that adding a resilient layer under the flooring added 1-
4 points to the FIIC rating of the assemblies. The most significant FIIC rating increase was found 
for the assembly with the lightweight concrete topping with the hardest surface. The floating 
flooring increased the FIIC rating of the light-frame floor-ceiling assembly with only the topping by 
13-15 points for the concrete topping, and by 5-6 points for the dry topping. 

 
 Upon observing the data in column-4, we found that adding the underlayment to the topping 

increased the FIIC rating by 11-13 points for the concrete topping, and by 5-7 points for the dry 
topping. 

 
 Upon comparing the FIIC ratings in column-3 with those in column-4, we found that the FIIC 

ratings in both setups, e.g., covering the topping with floating flooring or adding underlayment 
under the topping for the assemblies, were almost identical, except for the FIIC rating of the 
assembly topping with the 50 mm thick lightweight topping. In this exceptional case, when the 
concrete topping was floating on a 10 mm rubber mat, the FIIC rating was 4 points lower than 
that the concrete topping with floating flooring. The explanation for that is, due to the significant 
mass, the underlayment compressed significantly and lost the springiness that is important for 
impact sound insulation. For such thick and heavy topping, we need to increase the thickness of 
the underlayment to achieve good impact sound insulation. However, in general, this comparison 
shows that, using an underlayment to float the topping had almost the same effect on the impact 
sound insulation as the floating flooring. Therefore, when we use a cementitious topping, we can 
achieve good impact sound insulation by adding a resilient layer under, or above, the topping, 
such as an underlayment to float the topping, or floating flooring, or carpet to cover the topping.  

 
 Upon comparing the FIIC ratings in column-2 and those in column-5, we found that adding an 

underlayment to the 38 mm normal-weight concrete topping increased the FIIC rating by 4 to 7 
points.  

 
 Upon comparing the FIIC ratings in column-5 and those in column-6, it was found that if the 

topping was covered and had an underlayment, having a membrane to float the flooring did not 
seem necessary because it did not improve the impact sound insulation of the assemblies. This 
observation may be useful in developing cost-effective impact sound insulation solutions.  

 
Section 9.1.2 discusses, in-depth, the effects of flooring, membrane, topping, and underlayment on the impact 
sound insulation performance of I-joist floor-ceiling assemblies. 
 
 
9.1.2 Effects of the Finishing, Membrane, Topping, and Underlayment Materials on Impact Sound 

Insulation Performance of the I-joist-Floor-ceiling Assembly in Mock-up 1 
 
 Hardwood Flooring vs. Ceramic Tile 9.1.2.1

 
Table 25 shows a comparison between the impact sound insulation performance of hardwood flooring raft and 
that of ceramic raft floating on the I-joist floor-ceiling assembly. Without the raft, the FIIC rating for the assembly 
was 37. 
 
Table 25 Impact sound insulation performance of hardwood flooring raft and ceramic tile raft topped on 
the I-joist floor-ceiling assembly in mock-up-1 
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Type of finishing FIIC 

1.2m by 1.2m and 34 mm thick raft patch made of hardwood flooring 
 and plywood (22 kg/m2) with a underlayment of 11 mm wood fibreboard  40 

1.2m by 1.2m and 33.5 mm thick raft patch made of ceramic tile 
and plywood (32 kg/m2) with a underlayment of 11 mm wood fibreboard  38 

 
As given in Table 25, the floating ceramic raft only minimally improved the base floor impact sound insulation, but 
the hardwood flooring raft was more successful, even though the mass of the hardwood flooring raft was smaller 
than that of the ceramic tile raft (22 kg/m2 vs. 32 kg/m2). This comparison shows the significance of the surface 
hardness of the covering on impact sound insulation. It is known that the ceramic tile has a much harder surface 
than that of hardwood flooring. The comparison proved the observation that the harder the surface of the 
covering, the poorer the impact sound insulation of the covering. By observing the measured FIIC ratings, we also 
found floor-ceiling assemblies with only floating hardwood flooring or ceramic tile did not achieve acceptable 
sound insulation levels, which require a minimum FIIC rating of 45, specified in some building codes.  
 
Therefore, this study also explained the myth about poor impact sound insulation problems in traditional wood 
floor-ceiling assemblies in old condominiums. The field investigation found that most old wood floor-ceiling 
assemblies had only a floating hardwood flooring raft or a floating ceramic raft. As the test results indicate, such 
floor-ceiling systems with the two types of traditional coverings cannot provide acceptable impact sound 
insulation. Adding a topping was generally accepted as a solution to the problem.  
 

 Effect of Wood Flooring on Impact Sound Insulation 9.1.2.2
 
The previous section discussed the impact sound insulation performance of two types of traditional finishings and 
concluded that, to achieve satisfactory sound insulation, a topping was preferable. This section compares the 
effects of wood flooring on a base floor-ceiling assembly with 38 mm normal-weight concrete topping floating on a 
10 mm rubber mat (InsonoMat). Three (3) types of flooring setups were used to make the 1.2 m × 1.2 m sandwich 
specimens: no flooring, 10 mm laminated flooring floating on a 3 mm rubber mat (InsonoFloor), and 34 mm 
hardwood raft floating on 18 mm felt (S125). Due to special installation requirements for the hardwood flooring, it 
was not possible to install the hardwood flooring in the same way as was used for the laminated flooring. 
Therefore, this study may not provide a direct comparison of performance of hardwood flooring and laminated 
flooring, but gives some insights concerning their effects on the impact sound insulation of the base floor-ceiling 
assembly. Table 26 presents measured FIIC ratings of the base floor-ceiling assembly with the topping and 
covering. 
 
Table 26 Effect of floating flooring on the FIIC rating of the I-joist floor-ceiling assembly with a 1.2m by 
1.2m patch made of a 38 mm normal-weight concrete topping floating on a 10 mm rubber mat and various 
types of floating floorings in mock-up-1 
 

Type of finishing FIIC 

No flooring 46 

10 mm laminated flooring floating on 3 mm rubber mat (InsonoFloor) 49 

34 mm hardwood flooring and plywood raft patch floating on 18 mm recycled felt (S125) 53 

Note: The FIIC of the bare floor-ceiling assembly was 37. 
 
 
As was observed, adding the 38 mm normal-weight concrete floating topping, even without the flooring, improved 
the FIIC rating of the assembly by 9 points (FIIC of 46). Adding the floating laminated flooring or the hardwood 
flooring raft further increased the FIIC rating by 3 points and 7 points, respectively. This result was very 
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encouraging, as it confirmed that, with the proper combination of flooring, membrane, topping, and underlayment, 
the base wood floor-ceiling assembly can achieve satisfactory impact sound insulation. 
 

 Effect of Type of Flooring on Impact Sound Insulation 9.1.2.3
 
There are many types of wood flooring. The question is: do these various types provide the same level of impact 
sound insulation performance?  Table 27 summarizes the measured FIIC ratings on floor-ceiling assemblies with 
three types of flooring. The specimens were made of 1.2 m × 1.2 m four-layer sandwich patches topped on a 
base I-joist floor-ceiling assembly. The sandwich patches were composed of three types of flooring floating on a 3 
mm rubber mat (InsonoFloor). The mat was placed on 38 mm normal-weight concrete topping floating on a 12 
mm thick felt made of 2 layers of 6 mm felt (Thermason VB). 
 
Table 27 Effect of type of flooring floating on a 3 mm rubber mat on FIIC rating of the I-joist floor-ceiling 
assembly with a 1.2m by 1.2m patch made of a 38 mm normal-weight concrete topping floating on 12 mm 
felt (2 layers of Thermason VB) and various types of floorings in mock-up 1 
 

Type of flooring FIIC 

10 mm laminated flooring 46 

12 mm engineered wood flooring 49 

15 mm engineered wood flooring 46 

Note: The FIIC of the bare floor-ceiling assembly was 37. 
 
Results in Table 27 show that the floor-ceiling assembly with floating concrete topping and flooring achieved an 
FIIC rating above 45.  In general, when floating flooring on a floating concrete topping, the engineered and 
laminated flooring have similar impact sound insulation behavior, except for 12 mm engineered wood flooring. 
The 12 mm engineered wood flooring was made of Alpine White Oak, and the 15 mm engineered wood flooring 
was made of White Linen Oak with a 2 mm cork underneath. Do the wood properties of these two species cause 
the significant difference in the impact sound insulation behavior of those two floorings? Further investigations are 
underway to answer this question.  Figure 13 shows the 1/3 octave band spectrums of the measured normalized 
sound pressure levels of the base floor-ceiling assembly and the assembly with the three types of sandwich patch 
specimens, using different types of flooring.  As observed, the assembly with the 10 mm laminated flooring 
(purple curve) had better impact sound insulation at a frequency above 600 Hz than the assembly with the 15 mm 
engineered wood flooring (green curve), even though both had the same FIIC ratings. 
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Figure 13 1/3 Octave band spectrums of measured normalized sound pressure levels of the I-joist floor-
ceiling assembly with a 1.2m by 1.2m patch made of various types of floorings floating on a 3mm rubber 
mat, a 38mm normal weight concrete topping floating on 12mm felt in mock-up 1. 
 
 

 Effect of Underlayment for Topping on Impact Sound Insulation 9.1.2.4
 
The previous sections showed the importance of the 38 mm concrete topping in improving the impact sound 
insulation of the wood floor-ceiling assembly. This section discusses the effect of the underlayment for floating the 
concrete topping.  
 
Table 28 summarizes the measured FIIC ratings of the floor-ceiling assembly with various setups for floating a 
concrete topping. The setups were made of the base I-joist floor-ceiling assembly with 1.2 m × 1.2 m four-layer 
sandwich patch specimens. The specimens were made of 10 mm laminated flooring floating on a 3 mm rubber 
mat (InsonoFloor), which was placed on a 38 mm normal-weight concrete topping, floating on various types of 
underlayment. The underlayment used in this comparison included 12 mm thick felt, made of 2 layers of 6 mm felt 
(Thermason VB), a 10 mm rubber mat (InsonoMat), and 12.5 mm wood fibreboard.  
 
 
Table 28 Effect of underlayment for the 38 mm normal-weight concrete topping on FIIC rating of the I-
joist floor-ceiling assembly with a 1.2 m by 1.2 m patch made of a 10 mm laminated flooring floating on a 
3 mm rubber mat and the concrete topping with various types of underlayment in mock-up 1. 
 

Type of underlayment for the concrete topping FIIC 

None 44 
12 mm felt ( two layers of Thermason VB) 46 
10 mm rubber mat (InsonoMat) 49 
12.5 mm wood fibreboard  47 

Note: the FIIC rating of the base floor-ceiling assembly was 37.  
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FIIC ratings were higher for the assembly with the 10 mm floating flooring and the floating concrete topping than 
they were for the floor-ceiling assembly without the floating topping. Adding the 38 mm floating topping, along with 
the floating flooring, increased the FIIC rating by 7–12 points, depending on the type of underlayment.   
 
As was observed, the floor-ceiling assembly with the topping directly placed above the base floor-ceiling 
assembly without the underlayment, even with the 10 mm floating engineered flooring, achieved an FIIC of only 
44. In contrast, the same assembly without floating flooring and with the same topping, but floating on the 10 mm 
rubber mat (InsonoMat), achieved an FIIC of 46 (Table 26). This indicated the importance of the underlayment for 
floating the topping on the impact sound insulation of the floor-ceiling assembly.  
 
Results given in Table 28 further reveal the importance of floating the concrete topping through the underlayment. 
The FIIC rating increased 2–5 points after the concrete topping was floated. For the floor-ceiling assembly, using 
the 10 mm rubber mat to float the concrete topping was more efficient than using the 12mm felt and the 12.5 mm 
wood fibreboard, in terms of FIIC ratings. Since  similar FIIC ratings for concrete topping floating on the 12 mm 
felt or on the 12.5 mm wood fibreboard have been observed, we may conclude that these two types of 
underlayment materials demonstrate a similar level of impact sound insulation performance on light-frame floor-
ceiling assemblies with floating flooring and concrete topping. 
 

 Effect on Type of Mass of Topping on Impact Sound Insulation 9.1.2.5
 
Table 29 shows the effect of the type of topping material and mass on impact sound insulation. The measured 
FIIC ratings were obtained on the I-joist floor-ceiling assembly with 1.2 m × 1.2 m four-layer sandwich patch 
specimens. The specimens were made of 10 mm laminated flooring floating on a 3 mm rubber mat (InsonoFloor), 
which was placed on various toppings floating on a 10 mm thick rubber mat (InsonoMat).  
 
Table 29 Effect of topping material and mass on FIIC rating of the I-joist floor-ceiling assembly with a 
1.2 m by 1.2 m patch made of a 10 mm laminated flooring floating on the topping through a 3 mm rubber 
mat (InsonoFloor), with various types of topping floating on the assembly through a 10 mm rubber mat in 
mock-up-1. 
 

Topping type Topping mass (kg/m2) FIIC 

20 mm gypsum board 24 50 
38 mm cement fibreboard 45 50 
38 mm normal-weight concrete 76 49 
38 mm lightweight concrete 70 45 
50 mm lightweight concrete 93 50 

Note: The FIIC rating of the bare floor-ceiling assembly was 37.  
 
Results in Table 29 indicate that with the floating flooring, all types of toppings (with the exception of the 38 mm 
lightweight concrete topping) improved the effectiveness of impact sound insulation significantly. The FIIC ratings 
increased from 37 to 49/50, which is recognized as a satisfactory level for occupants, based on our experience of 
field investigation. 
 
However, it may be surprising to note that pre-fabricated board toppings, like the 20 mm gypsum board and the 
38 mm cement fibreboard, which are much lighter than toppings poured onsite, like concrete toppings, performed 
equally as well, or better, than the toppings poured onsite. In this case, it seemed that mass was not the only 
factor affecting the impact sound insulation, and another factor seemed equally important. What could that other 
factor be? When we carefully examined the materials of the pre-fabricated board topping, and of toppings poured 
onsite, we found again that surface hardness was the key. It was observed that the surfaces of pre-fabricated 
board toppings were much softer than toppings poured onsite, and the surfaces of the normal-weight concrete 
toppings were softer than the surfaces of lightweight concrete toppings, due to the different mixtures used. 
Further investigation of the effect of the surface hardness of toppings on impact sound insulation is underway. 
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However, if we compare the FIIC ratings of the floor-ceiling assembly, using a 38 mm lightweight concrete 
topping, with that of the same assembly, using a 50 mm lightweight concrete topping, the importance of mass on 
impact sound insulation was observed.  
 
Figure 14 shows the 1/3 octave band spectrums of measured normalized sound pressure levels of a floor-ceiling 
assembly and an assembly with sandwich patch specimens, using various toppings. When comparing the 
spectrum of the patch setup, using a 38 mm lightweight concrete topping (purple curve) to one using a 50 mm 
lightweight concrete topping (orange curve), the effect of the topping mass on the impact insulation of low 
frequency sound was obvious. When comparing the spectrums of specimens that used toppings poured onsite 
(the light blue, purple, and orange curves) with the spectrums of those that used pre-fabricated board toppings 
(the green and brown curves), the effect of topping surface softness on the impact sound insulation of high 
frequency sound was also observed. Furthermore, spectrum analysis also explained a potential cause of the 
significant different impact sound insulation performance of the assembly that used the 38 mm lightweight 
concrete topping, compared to that of the assembly that used the 38 mm normal-weight concrete topping. Both 
types of toppings had almost the same area mass, but the spectrum of the assembly that used normal-weight 
concrete topping (the light blue curve) was below the spectrum of the assembly that used lightweight concrete 
topping at all frequencies. 

 
 
Figure 14 1/3 Octave band spectrums of normalized sound pressure level of I-joist floor-ceiling 
assembly with a 1.2m by 1.2m patch made of a 10mm flooring floating on a 3mm rubber mat (InsonoFloor) 
and various types of topping floating on a 10mm rubber mat in mock-up-1. 
 
 

 Summary of Findings 9.1.2.6
 
To summarize findings from above mentioned studies:  
 

 For a light-frame wood-joisted floor-ceiling assembly, adding additional mass, e.g. a topping, is 
necessary in order to achieve an FIIC rating above 45;  

 Without a floor finishing/covering, or an underlayment for a cementitious topping, the topping 
significantly reduced the FIIC rating of the wood-joisted floor-ceiling assembly. The solution to 
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the problem was at least to add a resilient layer under the concrete topping, or a resilient layer to 
cover the concrete topping to improve the impact sound insulation; 

 The covered 38 mm normal-weight concrete topping had almost the same effect on the 
improvement of the impact sound insulation of the light-frame wood-joisted floor-ceiling assembly 
as the covered dry topping of at least 25 kg/m2, except for the 38 mm lightweight concrete 
topping, which had almost similar mass to the normal-weight concrete topping, but had poorer 
impact sound insulation than the other topping: this observation does not apply to airborne sound 
insulation because topping mass is very important for airborne sound insulation; 

 Adding a membrane under the flooring increased the FIIC rating by 1-4 points, depending on the 
membrane materials used; 

 Adding underlayment to the topping increased the FIIC rating by 4-7 points, depending on the 
underlayment materials used; 

 A floating flooring had almost the same effect on improving the impact sound insulation as the 
underlayment under the cementitious topping; 

 When the topping was covered and had a proper underlayment, it was not necessary to add a 
membrane to the covering as  the membrane played a less significant role than the underlayment 
in improving the impact sound insulation of the assembly; 

 With proper combination of finishing-membrane-topping-underlayment, the I-joist floor-ceiling 
assembly can achieve an FIIC/AIIC rating above 45. This report gave various acoustic design 
examples of I-joisted floor-ceiling assemblies achieving an FIIC/AIIC rating above 45 and a 
maximum rating: FIIC 51. 

 
9.1.3 Airborne Sound Insulation Performance of the Light-frame Wall Specimen with Various Sound 

Absorption Materials in Cavity in Mock-up-5 
 
Table 30 summarizes the measured FSTC ratings of acoustic performance light-frame wall specimens with varied 
wall thicknesses and absorption materials in the wall cavity and descriptions of the specimens. 
 
Table 30 FSTC/ASTC ratings of the light-frame wall specimens with various absorption materials in 
walls cavity in mock-up-5 
 

Wall ID Absorption materials in wall cavity Cavity material density (kg/m2) FSTC/ASTC 

W1 No 0.0 23 
W2 2 layers of S125 Felt 2.6 26 
W3 Fiberglass 0.6 26 
W4 *Finitec mat 7.0 36 
W5 Rockwool 1.5 26 
W6 Wood fibreboard 8.8 31 

Note: *The Finitec mat was made of multi-layer 2.4mm AcoustiTech PremiumTM. 
 
Upon comparing the FSTC rating of specimen No.W1 with the FSTC ratings of other wall specimens, we found 
that adding absorption materials in the cavity improved the sound insulation; the degree of improvement 
depended on the absorption material properties. Upon comparing the measured FSTC ratings of specimens Nos. 
W2, W3, and W5, it was found that the Fiberglass, S-125 felt, and Rockwool were similar, in terms of airborne 
sound insulation performance in the walls. As observed, a high FSTC rating of 31 was achieved when the wall 
cavity was filled with wood fibreboard. Noting that wood fibreboard had the highest density among the cavity 
materials, it was found that the high density of the absorption material was key to achieving a high FSTC rating.  
 
It was observed that the highest FSTC rating (36) of the wall was achieved when the wall cavity was filled with the 
Finitec mat (specimen No. W4). Noting that the Finitec mat was denser than other cavity materials, except for 
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wood fibreboard, and had an aluminate film on the surface of each layer of the mat, we can conclude that the 
aluminate films improved the porosity of the Finitec mat, which caused the mat to have lower porosity than wood 
fibreboard. Therefore, even if the wood fibreboard was denser than the Finitec mat, the wall filled with the Finitec 
mat still had better airborne sound insulation than the wall filled with wood fibreboard (W6 vs. W4). So we found 
that, in addition to its high density, the low porosity of the mat significantly contributed to the high airborne sound 
insulation performance of the wall.  
 
Based on the test results, we concluded that adding sound absorption material in the wall cavity was important to 
improving the FSTC rating. The density and the porosity of the absorption material were the key parameters that 
affected the FSTC rating of light-frame wall specimens.  
 
9.1.4 Sound Insulation Performance of the Field Wood-joisted Floors and Wood-stud Walls in Light-

frame Wood Buildings 
 
Table 31 and 32 summarize the FSTC and FIIC ratings measured on light wood-joisted floor-ceiling assemblies in 
several light-frame wood buildings.  
 
It was obvious that the FIIC ratings of floors without a topping were below 45. Actually, the occupants in these 
buildings complained about poor footstep sound insulation performance. All floors with a topping achieved FIIC 
and FSTC ratings above 50, except for floor No. B3-F2 with ceramic tile and floor No. B5-F1 without a finishing on 
the concrete topping. These two exceptional cases had lower impact sound insulation, due to their hard surfaces.  
 
It is worth discussing the FIIC and FSTC ratings of floor No. B3-F1 in more detail. This floor did not use a 
concrete topping. Instead, it used the dry topping, and achieved ratings of 61 FIIC and 62 FSTC. This was 
encouraging. In addition, the acoustic design for this floor adapted the design developed in mock-up-1 The 
measured FIIC rating of the floor-ceiling assembly in mock-up-1 with the acoustic design, using the 1.2 m by 1.2 
m patch approach, was 49. This proved our observation that, with good onsite flanking control, and when the 
solutions developed in mock-up-1 were implemented in field floor-ceiling assemblies similar to that of mock-up-1, 
the assemblies with such solutions could achieve a higher FIIC rating than that measured in mock-up-1.  
 
Table 33 provides the FSTC and ASTC ratings of a double wood stud wall. As can be observed, the wall achieved 
an FSTC/ASTC rating of 56. 
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Table 31 FSTC/ASTC and FIIC/AIIC ratings of the field light-frame wood-joisted floors 
 

Building ID Floor ID Floor details, from top to bottom FIIC/AIIC FSTC/ASTC 

B1 B1-F1 

19 mm hardwood flooring 

 
41 

 
54 

13 mm OSB 
6 mm foam underlayment 
16 mm OSB 

406 mm deep I-joists at 400 mm o.c. 

140 mm batt sound absorption material in ceiling 
cavity 
13 mm resilient channels at 400 mm o.c.  
Two layers 16 mm of Type- gypsum board 

B2 B2-F1 

12 mm laminated flooring 

51 N.A. 

3 mm foam (EVA) 
38 mm lightweight concrete  
6 mm felt (Themason VB) 
16 mm plywood 
356 mm trusses at 400 mm o.c. 

356 mm sound absorption material in ceiling cavity 
13 mm resilient channels at 400 mm o.c.  
13 mm and 16 mm gypsum boards 

B3 

B3-F1 

12 mm engineering flooring 

62 61 

2.4 mm rubber mat (Dura) 
Two layers of 16 mm Fiberock  
13 mm wood fibreboard 
16 mm plywood 
356 mm trusses at 400 mm o.c. 
Sound absorption material in ceiling cavity 
13 mm resilient channels at 400 mm o.c.  
13 mm and 16 mm gypsum boards 

B3-F2 
Ceramic tile 

47 61 Same as the rest of B3-F2, except for the flooring 
and rubber mat 

 
(continued) 
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Table 32 FSTC/ASTC and FIIC/AIIC ratings of the field light-frame wood-joisted floors (continuing) 
 

Building ID Floor ID Floor details, from top to bottom FIIC/AIIC FSTC/ASTC 

B4 B4-F1 

Laminated flooring 

64 54 

3 mm rubber mat (InsonoFloor) 
38 mm normal-weight concrete 
10 mm rubber mat (InsonoMat) 
16 mm plywood 
305 mm I-joists at 400 mm o.c. 
Sound absorption material in ceiling cavity 
Acoustic hangers 
Metal channels at 400 mm o.c.  
Two layers of 16 mm gypsum boards 

B5 
B5-F1 

45 mm normal-weight concrete 

48 N.A. 

16 mm plywood 
378 mm wood trusses at 400 mm o.c. 
Fiberglass in joist cavity 
13 mm wood fibreboard 
W14 metal channels 
Two layers of 13 mm gypsum boards 

B5-F2 21 mm carpet with felt underlayment on back 70 N.A. 
Rest is the same as B5-F1  

B6 

B6-F1 

Laminated flooring 

44  40  

8 mm underlayment (6.84 kg/m2) 
16 mm plywood 
406 mm wood trusses at 400 mm o.c. 
Sound absorption material in ceiling cavity 
16 mm gypsum boards 
Two layers of 19 mm by 89 mm wood straps  
16 mm and 12 mm gypsum boards 

B6-F2 

10 mm ceramic tile, on mortar 

45 N.A. 13 mm cement-fibreboard 

The rest was the same as B6-F1, except for the 
laminated flooring 
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Table 33 FSTC/ASTC ratings of the field light-frame wood wall 
 

Building ID Wall ID Wall details, from one side to the other side FSTC/ASTC 

B3 B3-W1 

16 mm  X-Type and 12 mm gypsum boards 

56 

38 mm by 89 mm wood studs at 400 mm o.c. 
89 mm soundproofing wool in wall cavity 
13 mm OSB 
16 mm gypsum boards 
25 mm air gap 
38 mm by 89 mm wood studs at 400 mm o.c. 
89 mm soundproofing wool in wall cavity 
16 mm X-Type and 12 mm gypsum boards 

 
 
9.2 Results of the Studies on CLT Floord and Walls 
 
9.2.1 Impact Sound Insulation Performance of the 175 mm CLT Floors with the Various Topping Details 

in Mock-up 3 
 
As described in Section 7.3, mock-up-3 was a two-storey building with an open upper room. The results 
presented in this section were developed from the screen study using 1.2 m by 1.2 m four-layer sandwich patches 
topped on a 175 mm CLT floor without a ceiling. So the intent of this study was not to rate the impact sound 
insulation performance of the CLT floor, and not to evaluate the various sound insulation products. Rather, it was 
intended to screen ways of optimizing the acoustical design of the four-layer sandwich, composed of flooring, a 
membrane, a topping, and underlayment material.  
 
It should be noted that the tests were performed in mock-up-3; mock-up-3 with an upper room, and without a 
ceiling for the CLT floor.  Therefore, the FIIC ratings provided in the tables were intended only for understanding 
the trend of the effects of various floorings, membranes, toppings, and underlayment materials on the impact 
sound insulation performance of the wood-joisted floor-ceiling assembly. FIIC ratings measured in such a setup 
should not be used to predict FIIC ratings of a CLT floor fully covered with a four-layer sandwich, similar to that 
described in the tables, in real buildings.  
 
Tables 34 and 35 summarize FIIC/AIIC ratings, measured on a 175 mm CLT floor in mock-up-3 with an open 
upper room. The FIIC/AIIC rating of the bare 175 mm CLT floor, measured in mock-up-3, was 24.  
 
Observing the results, it was found that, when topped with a 1.2 m by 1.2 m four-layer sandwich patch, the 175 m 
CLT floors achieved an FIIC/AIIC rating above 44/45.  Assemblies Nos. C1, C8, C9, and C13 topped with four-
layer sandwiches achieved an FIIC/AIIC rating above 49/50. This is very encouraging, because the assembly did 
not have a ceiling. By being heavier than a light-frame floor, the test results demonstrated that it is possible for the 
175 mm thick CLT floor to achieve impact sound insulation above 50 with a proper combination of finishing-
membrane-topping-underlayment, and without a ceiling.  
 
The 175 mm CLT topped with a 1.2 m by 1.2 m sandwich patch, composed of 10 mm laminated flooring, 4 mm 
felt (Thermason HD), 38 mm normal-weight concrete topping, and 18 mm felt (S125) (assembly C13) achieved an 
FIIC rating of 52 without a dropped ceiling.  The lowest FIIC/AIIC measured rating of the specimens was 43 for 
the 175 mm CLT floor topped with a 1.2 m by 1.2 m sandwich patch made of 10 mm laminated flooring, a 
membrane of 4 mm felt (Thermason HD), and dry topping of 2 E31 Fermacell with a 13 mm wood fibre on back 
(assembly C3).   
 
The following section discusses, in-depth, the effects of finishings, membranes, toppings, and underlayment 
materials on FIIC ratings.  
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Table 34 FIIC/AIIC ratings of the 175 mm CLT floor specimens topped with a 1.2m by 1.2m four-layer 
sandwich patch made of various types of finishings-membranes-toppings-underlayment materials in 
mock-up-3 (continuing) 
 

Specimen ID Description of the 1.2 m by 1.2 m sandwich patch, 
 from top to bottom FIIC/AIIC 

 
10 mm laminated flooring    

C1 3 mm rubber mat (InsonoFloor)   

 
2 E31 Fermacell with 12.5 mm wood fibre on back  51 

 
10 mm rubber mat (InsonoMat)   

 
175 mm CLT   

 
10 mm laminated flooring    

C2 3 mm rubber mat (InsonoFloor)   

 
2 E31 Fermacell with 12.5 mm wood fibre on back  46 

 
175 mm CLT   

 
10 mm laminated flooring    

C3 4mm felt (Thermason HD) 
 

 
2 E31 Fermacell with 12.5 mm wood fibre on back  43 

 
175 mm CLT   

 
10 mm laminated flooring    

C4 4 mm felt (Thermason HD)   

 
10 mm Fermacell  45 

 
2 E31 Fermacell with 12.5 mm wood fibre on back    

 
175 mm CLT   

 
6 mm carpet    

C5 10 mm Fermacell    

 
2 E31 Fermacell with 12.5 mm wood fibre on back  48 

 
175 mm CLT   

 
6 mm carpet    

C6 2 E31 Fermacell with 12.5 mm wood fibre on back  46 

 
175 mm CLT   

 
10 mm laminated flooring    

 
3 mm rubber mat (InsonoFloor)   

C7 2 x 13 mm cement fibreboard (PermaBase) 44 

 
10 mm rubber mat (InsonoMat)   

 
175 mm CLT   

 
10 mm laminated flooring    

 
4 mm felt (Thermason HD)   

C8 2 x 13 mm cement fibreboard (PermaBase) 49 

 
18 mm felt (S125)   

 
175 mm CLT   
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Table 35 FIIC/AIIC ratings of the 175 mm CLT floor specimens topped with a1.2 m by 1.2 m four-layer 
sandwich patch made of various types of  finishings-membranes-toppings underlayment materials in 
mock-up-3 (continuing) 
 

Specimen ID Description of the 1.2 m by 1.2 m sandwich patch, 
 from top to bottom FIIC/AIIC 

 
10 mm laminated flooring    

 
4 mm felt (Thermason HD)   

C9 2 x 16 mm Fiberock   49 

 
18 mm felt (S125)   

 
175 mm CLT   

 
10 mm laminated flooring    

 
2.4 mm felt (AcoustiTech PremiumTM )   

C10  2 x 16 mm Fiberock  48 

 
12.5 mm wood fiberboard    

 
175 mm CLT   

 
10 mm laminated flooring    

C11 3.5 mm rubber mat (InsonoFloor)   

 
2 x 16 mm Fiberock  45 

 
10 mm rubber mat (InsonoMat)   

 
175 mm CLT   

 
10 mm laminated flooring    

 
3.5 mm rubber mat (InsonoFloor)   

C12 38 mm normal-weight concrete 48 

 
10 mm rubber mat (InsonoMat)   

 
175 mm CLT   

 
10 mm laminated flooring    

 
4 mm felt (Thermason HD)   

C13 38 mm normal-weight concrete 52 

 
18 mm felt (S125)   

  175 mm CLT   
 
 
9.2.2 Effects of Various Details on the 1.2 m by 1.2 m Four-layer Sandwich Patches on Impact Sound 

Insulation Performance of the 175 mm CLT Floor Specimen in Mock-up-3 
 

 Effects of Finishing on the 175 mm CLT Floor FIIC/AIIC Ratings 9.2.2.1
 
Upon examination of the details of assemblies C5 and C4, it was found that the only difference in these two 
assemblies was the finishing: C5 had a 6 mm carpet while C4 had 10 mm flooring and 4 mm felt (Thermason 
HD). This difference led to a 3 point higher FIIC/AIIC rating of the assembly with the carpet, compared to that with 
the floating flooring.  
 

 Effects of Membrane under the 10 mm Flooring on the 175 mm CLT Floor FIIC/AIIC Ratings 9.2.2.2
 
Observing the details of assemblies C2 and C3, it was found that the difference between the assemblies was in 
the type of membranes. Assemblies with a 3 mm rubber membrane (InsonoFloor) (C2) achieved a 3 point higher 
FIIC/AIIC rating than similar assemblies with 2.4 mm felt (AcoustiTech PremiumTM) (C3).  
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 Effects of Topping Mass and Materials on FIIC/AIIC Ratings of the 175 mm Thick CLT Floor 9.2.2.3

 
When comparing details of assembly C3 with those of assembly C4, it was found that they had the same details, 
except that C4 had an additional dry topping of 12 kg/m2. The additional mass of the C4 assembly increased the 
FIIC/AIIC rating of that assembly by 2 points.  
 
When comparing details of assembly C8 with those of assembly C9, it was found that they were almost identical, 
except for the type of dry topping, but the FIIC/AIIC rating of assembly C8, using the 25 mm cement fibreboard, 
was the same as that of assembly C9, using the 32 mm Fiberock.  
 
When comparing details of C11 with those of assembly C12, and the details of assemblies C8 and C9 with those 
of assembly C13, it was found that C11 and C12; C8, C9, and C13 were identical, except that C12 and C13 used 
a 38 mm normal-weight concrete topping, while the others used a dry topping, such as Fiberock or cement 
fibreboard. Assemblies that used the 38 mm concrete topping achieved a 3 point higher FIIC/AIIC rating than 
similar assemblies using the dry topping.  
 

 Effects of Underlayment for the Topping on FIIC/AIIC Ratings of the 175 mm CLT Floor 9.2.2.4
 
When comparing the FIIC/AIIC rating of assembly C1 to that of assembly C2, and their construction details, it was 
found that, with an additional underlayment to the gypsum board topping, e.g. the 10 mm rubber mat (InsonoMat), 
assembly C1 achieved a 5 point higher FIIC/AIIC rating than assembly C2.  
 

 Discussion on Effects of Underlayment for Concrete Topping on STC and IIC Ratings of the 9.2.2.5
175 mm CLT Floors Tested at NRC Chamber  

 
Recently, the National Research Council (NRC) measured the STC and IIC ratings of a 175 mm CLT floor with a 
38 mm concrete topping with various underlayment materials, and without a ceiling and finishings. Table 36 
quotes the test results (NRC 2013). The measured STC and IIC ratings of the bare CLT floor were 41 and 25, 
respectively.  
 
Table 36 NRC measured STC and IIC ratings of 175 mm thick CLT floor with a 38 mm concrete topping 
and various types of underlayment materials 
 

Type of underlayment 

 Trade name and 
producer 

Thickness 
(mm) 

Mass 
(kg/m2) 

Dynamic 
stiffness 
(MN/m3) 

STC 
 

IIC 
 

∆STC ∆IIC 

No 
underlayment -- -- -- -- 49 28   

 
Close cell form 

Quietzone, 
Owens Corning 9 0.3 44 53 36 4 8 

Wood 
fibreboard 

Building 
Products 
Canada 

13 2.5 93 52 35 3 7 

 
Shredded 
rubber mat 

Regupol 8 1.1 34 52 38 3 10 

Shredded 
rubber mat Regupol 17 8.3 22 54 44 5 16 

Recycle rubber 
mat with plastic 
foil 

InsonoMat, 
Soprema 10 4.3 15 53 46 4 18 

 
Felt (S125) National Felt Inc. 19 1.2 7 59 42 10 14 
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NRC test results clearly revealed:  
 

1. The significant effect of various underlayment materials for the concrete topping on impact and 
airborne sound insulation; 

2. That the density and dynamic stiffness of underlayment materials were correlated with the 
measured STC and IIC ratings; 

3. That the19 mm felt performed best overall, in terms of improving the sound insulation of the CLT 
floor with the concrete topping. By adding 19 mm felt under the concrete topping, the STC and 
IIC ratings of the 175 mm CLT floor increased by 10 and 14 points, respectively. Without the 
ceiling and finishing, the 175 mm CLT floor with the 38 mm concrete topping, and the 19 mm felt, 
the STC rating reached 59; 

4. That the 9 mm close cell form, 8 mm Regupol mat, and 13 mm wood fibreboard had similar 
sound insulation performances in the assembly; 

5. That doubling the thickness of the Regupol mat increased the STC and IIC ratings by 2 and 6 
points, respectively; 

6. The 10 mm InsonoMat had a similar airborne sound insulation performance to those of the close 
cell form, the wood fibreboard, and the Regupol mats, but it had the best impact sound insulation 
performance of all underlayment materials studied. 

 
9.2.3 Impact Sound Insulation Performance of the CLT Floors with Various Topping and Ceiling Details 

in Mock-up-4 
 
As described in Section 7.4, mock-up-4 was a two-storey building with a closed upper room. So mock-up-4 is 
similar to real two-storey wood buildings with STC 50-rated walls and roofs. Table 37 summarizes the FIIC/AIIC 
and FSTC/ASTC ratings of the bare 175 mm CLT floor and the floor with a dropped ceiling. Tables 38 to 40 
summarize the FIIC/AIIC and FSTC/ASTC ratings of the floor-ceiling assemblies, with various details of dropped 
ceilings, and with floors topped with various full-size four-layer sandwiches.  
 
Table 37 FIIC/AIIC and FSTC/ASTC ratings of the 175 mm CLT bare floor and the floor with a dropped 
acoustic ceiling in mock-up-4 
 

Floor-ceiling details FII/AIIC FSTC/ASTC 

Bare CLT 22 39 

Bare CLT with a 100 mm high dropped acoustic ceiling (Section 7.4.2 for 
ceiling details), assembly CF8 in Table 39 42 55 

Bare CLT with a 200 mm high dropped acoustic ceiling (Section 7.4.2 for 
ceiling details), assembly CF4 in Table 38 41 55 
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Table 38 FIIC/AIIC and FSTC/ASTC ratings of the 175 mm CLT floor specimens topped with a full-size 
four-layer sandwich patch made of various types of finishings-membranes-toppings-underlayment 
materials and with varying ceiling details in mock-up-4 
 

Specimen ID Describe the CLT floor specimen, from top to bottom FIIC/AIIC FSTC/ASTC 

CF1 

10 mm laminated flooring  
 

46 
 
 

 
 

47 
 
 
 

3 mm rubber membrane (InsonoFloor) 
2 layers of 16 mm Fiberock 
10 mm rubber mat (InsonoMat) 
175 mm CLT 
No ceiling  

CF2 

10 mm laminated flooring 
 
 

61 
 
 
 

 
 

59 
 
 
 

3 mm rubber membrane (InsonoFloor) 
2 layers of 16 mm Fiberock 
10 mm rubber mat (InsonoMat) 
175 mm CLT 

200 mm high dropped acoustic ceiling (Section 7.4.2 for ceiling 
details, except using only one layer of 16 mm gypsum board) 

CF3 

10 mm laminated flooring 
 
 

60 
 
 
 

 
 

58 
 
 
 

3 mm rubber membrane (InsonoFloor) 
2 layers of 16 mm Fiberock 
10 mm rubber mat (InsonoMat) 
175 mm CLT 
200 mm high dropped acoustic ceiling (Section 7.4.2 for ceiling 
details) 

CF4 
175 mm CLT  

41 
 

55 200 mm high dropped acoustic ceiling (Section 7.4.2 for ceiling 
details) 

CF5 
  

10 mm laminated flooring  
 

56 
 

 
 

54 
 

3 mm rubber membrane (InsonoFloor) 
175 mm CLT 

200 mm high dropped ceiling (Section 7.4.2 for ceiling details) 
(Continued) 
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Table 39 FIIC/AIIC and FSTC/ASTC ratings of the 175 mm CLT floor specimens topped with a full-size 
four-layer sandwich patch made of various types of finishings-membranes-toppings-underlayment 
materials and with various types of  ceiling details in mock-up-4 (continuing) 
 

Specimen ID Describe the CLT floor specimen, from top to bottom FIIC/AIIC FSTC/ASTC 

CF6 

10 mm laminated flooring 

52 53 
3 mm rubber membrane (InsonoFloor) 

175 mm CLT 
100 mm high dropped acoustic ceiling (Section 7.4.2 for ceiling 
details, except using only one layer of 16 mm gypsum board) 

CF7 

10 mm laminated flooring 

53 53 
3 mm rubber membrane (InsonoFloor) 
175 mm CLT 
100 mm high dropped ceiling (Section 7.4.2 for ceiling details) 

CF8 
175 mm CLT 

42 55 
100 mm high dropped ceiling (Section 7.4.2 for ceiling details) 

CF9 

10 mm laminated flooring 

60 58 

3 mm rubber membrane (InsonoFloor) 
25 mm gypsum board (PanoMagR) 
8 mm plastic underlayment (Insul-RR) 
175 mm CLT 
100 mm high dropped acoustic ceiling (Section 7.4.2 for ceiling 
details) 

CF10 
 

3 mm Flex-Aire Modular Tandus carpet with 4 mm Flex-Aire on 
back 

55 54 175 mm CLT 
100 mm high dropped ceiling (Section 7.4.2 for ceiling details) 

(Continued) 
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Table 40 FIIC/AIIC and FSTC/ASTC ratings of the 175 mm CLT floor specimens topped with a full-size 
four-layer sandwich patch made of various types of finishings-membranes-toppings-underlayment 
materials and with various ceiling details in mock-up-4 (continuing) 
 

Specimen ID Describe the CLT floor specimen, from top to bottom FIIC/AIIC FSTC/ASTC 

CF11 

38 mm normal-weight concrete 

50 61 
12.5 mm wood fibreboard  
175 mm CLT 
100 mm high dropped acoustic ceiling (Section 7.4.2 for ceiling 
details) 

CF12 

10 mm laminated flooring 

57 60 

4 mm felt (Thernason HD) 
38 mm normal weight concrete 
12.5 mm wood fibreboard  
175 mm CLT 
100 mm high dropped acoustic ceiling (Section 7.4.2 for ceiling 
details) 

 
 

 Discussion of the FIIC/AIIC and FSTC/ASTC Ratings of the 175 mm CLT Floor with a Dropped 9.2.3.1
Ceiling and Topped with Various Full-size Four-Layer Sandwiches in Mock-up-4 

 
 Effect of Ceiling on Sound Insulation of the 175 mm CLT Floor 9.2.3.1.1

 
Table 37 shows that, for a bare CLT floor, a dropped ceiling plays an important role in improving the sound 
insulation performance of 175 mm CLT floors. By adding a dropped ceiling under a bare CLT floor, the FIIC and 
FSTC ratings increased by 20 and 15 points, respectively.  
 
A similar observation was found for a CLT floor with a dry topping and floating flooring. When comparing the 
sound insulation performance of an assembly without a ceiling (CF1) with that of the same assembly as CF1, but 
with a 200 mm dropped ceiling of one layer gypsum board (CF2), it was found that by adding the ceiling to the 
CLT floor with the topping and floating flooring, the FIIC and FSTC ratings increased by 15 and 12 points, 
respectively.  
 
It was also interesting to note that, for the bare CLT floor, the dropped ceiling played a more important role in 
improving sound insulation performance than it did for the CLT floor with a topping and floating flooring. This 
implied that the degree of improvement in sound insulation, due to adding a dropped ceiling, depended on the 
floor topping and finishing details.  
 

 Effect of Ceiling Details on Sound Insulation of the 175 mm CLT Floor 9.2.3.1.2
 
When comparing the sound insulation performance of floor-ceiling assembly CF6 with that of assembly CF7, it 
was found that adding one 12.5 mm gypsum board to the ceiling of assembly CF6 did not change the FIIC or 
FSTC ratings of assembly CF6. It implied that the one additional layer of 12.5 mm gypsum board on the ceiling 
did not improve the sound insulation performance noticeably, or was not significant. This observation was also 
confirmed when comparing the sound insulation of assembly CF2 with that of assembly CF3, even though 
assemblies CF2 and CF3 had a topping while assemblies CF6 and CF7 did not.  
 
When comparing the sound insulation performance of floor-ceiling assembly CF5 with that of assembly CF7, it 
was found that, for the CLT floor with the floating flooring, increasing ceiling height from 100 mm to 200 mm lead 
to an increase in the FIIC/AIIC rating by 3 points, but the FSTC/ASTC rating did not change. However, as given in 
Table 37, for the bare CLT floor, the increase in ceiling height did not change the impact sound insulation. It 
indicated that the effect of ceiling height on the impact sound insulation depended on the floor finishing.  
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 Effect of Finishing on Sound Insulation of the 175 mm CLT Floor with a Dropped Ceiling 9.2.3.1.3
 
For assemblies with a dropped ceiling, adding 10 mm laminated flooring and a 3 mm rubber mat (InsonoFloor), or 
a carpet to a bare CLT floor increased the FIIC/AIIC rating significantly. The FIIC/AIIC rating increased from 41 to 
55 (assembly CF5 having a 200 mm dropped ceiling), and from 42 to 55 (assembly CF10 with a carpet, along 
with a 100 mm dropped ceiling). But the floating flooring or the carpet did not improve the FSTC/ASTC rating. 
This observation also held true for assembly CF11, which had a 38 mm normal-weight concrete topping. After 
adding an 10 mm floating flooring to assembly CF11, the FIIC/AIIC rating increased from 50 to 57 (assembly 
CF12 with a floating flooring), but the FSTC rating barely changed.  
 
It was interesting to note that the effectiveness of flooring on increasing FIIC/AIIC ratings also depended on 
whether there was a topping or a dropped ceiling. For an assembly with a 38 mm concrete topping and a dropped 
ceiling (CF11), adding floating flooring (CF12) increased the FIIC/AIIC rating by 7 points. But for an assembly with 
only a dropped ceiling without topping (CF5 vs. CF10), adding a floating flooring increased the FIIC rating by 13 
points.  
 
When the sound insulation performance of floor-ceiling assembly CF10 was compared to that of assembly CF7, it 
was found that, for the 175 mm CLT floor with the 100 mm high dropped ceiling, the 10 mm flooring floating on a 
3 mm rubber mat had almost the same effect on sound insulation performance as the carpet. It was very 
encouraging to see floating flooring being able to replace carpet. 
 

 Effect of a Topping on Sound Insulation of the 175 mm CLT Floor 9.2.3.1.4
 
For assemblies with a dry topping of at least 25 kg/m2 or with a 38 mm normal-weight concrete topping with 
underlayment, a 10 mm floating floor, and a dropped ceiling, regardless of ceiling height and the number of 
gypsum boards on the ceiling, the assemblies achieved FIIC/AIIC and FSTC/ASTC ratings of approximately 60 
(Assemblies CF2, CF3, CF9, and CF12). 
 
When comparing the sound insulation performance of these assemblies with floating flooring, the topping, and 
dropped ceiling (CF2, CF3, CF9, and CF12) to similar assemblies without a floating topping (CF5,CF6, CF7, and 
CF10), it was found that adding the floating topping increased FIIC and FSTC ratings by about 5 points. 
 
9.2.4 Summary of the Findings on the Effects of Various Topping and Ceiling Details on Sound 

Insulation Performance of the 175 mm CLT Floor Tested in Mock-up-4 
 
Based on above discussions, it was found that:  
 

 The dropped ceiling played an important role in improving the sound insulation performance of 
175 mm CLT floors. The degree of improvement depended on the flooring and topping details. 
When a dropped ceiling was added to a bare CLT floor, the FIIC and FSTC ratings increased by 
20 and 15 points, respectively. This brought the FSTC rating of the bare CLT floor to above 50, 
but the FIIC rating of a 175 mm bare CLT floor with only a dropped ceiling was 41/42. By adding 
a dropped ceiling to a CLT floor with a dry topping and a floating flooring, the FIIC and FSTC 
rating increased by 15 and 12 points, respectively;  

 Adding floating flooring or a carpet improved the impact sound insulation, but not the airborne 
sound insulation of the 175 mm CLT floor. The ability of the finish to increase the FIIC/AIIC 
ratings also depended on whether there was a topping or a dropped ceiling. For an assembly 
with a 38 mm concrete topping and a dropped ceiling, adding floating flooring increased the 
FIIC/AIIC ratings about 7 points, but for an assembly with only a dropped ceiling without topping, 
the increase was about 13/14 points. This indicated that, with floating flooring or a carpet, a 175 
mm CLT floor with a dropped ceiling can achieve an FIIC and FSTC rating above 50; 

 For a 175 mm CLT floor with a 100 mm high dropped ceiling, 10 mm flooring floating on a 3 mm 
rubber mat had almost the same effect on sound insulation performance as a carpet, in terms of 
increasing FIIC/AIIC ratings; 
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 A dropped ceiling and the proper combination of a four-layer sandwich of finishing-membrane-
topping-underlayment (Assemblies CF2, CF3 and CF9) achieved an FIIC and FSTC rating of 
approximately 60; 

 An additional layer of 12.5 mm gypsum board on the ceiling did not improve the sound insulation 
performance of the 175 mm CLT floor-ceiling assembly, or it was not significant; 

 Increasing ceiling height from 100 mm to 200 mm did not improve the sound insulation of the 
bare CLT floor-ceiling assembly, and the FSTC rating of the CLT floor-ceiling assembly with the 
floating flooring, but it increased the FIIC rating of the CLT floor-ceiling assembly with the floating 
flooring by 3 points. 

 
9.2.5 Sound Insulation Performance of Field CLT Floors and Walls in the CLT Buildings 
 
Tables 41 and 42 summarize the sound insulation performance measured in field CLT floors and walls. As was 
observed, the CLT floor No. B7-F1 had a low FIIC and FSTC rating of 47 and 38, respectively. Based on the 
study of a 175 mm CLT floor in mock-ups presented in previous sections, it was thought that lack of sufficient 
mass of the topping of CLT floor No. B7-F1 was a major cause of poor sound insulation. Without a dropped 
acoustic ceiling, an acoustic design aimed at reaching FSTC and FIIC ratings above 50 for CLT floors is a 
challenge, and much thoughts need to go into the selection of the membrane for the finishing, the topping 
materials, the type, density and surface stiffness of topping materials, the underlayment, in terms of materials, 
and the density, dynamic stiffness, and damping ratio of underlayment.  
 
It was noticed that CLT floor plates continued from one unit to the adjacent unit in the CLT buildings tested. 
Therefore, the FSTC rating of CLT walls in these CLT buildings (Table 42) may be improved if CLT floors are not 
continued. The continuity of CLT floors can be a significant flanking path. At the moment, there exists no data or 
study on the effects of CLT floor continuity on sound insulation.  
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Table 41 FSTC/ASTC and FIIC/AIIC ratings of field CLT floors  
 

Building ID Floor ID Floor details, from top to bottom FIIC/AIIC FSTC/ASTC 

B7 B7-F1 

Vinyl 

47 38 

Two layers of 16 mm plywood 
19 mm by 64 mm wood straps at 400 mm o.c. 
2.4 mm rubber mat (Dura) 
184 mm CLT 
  

B8 B8-F1 

12 mm laminated flooring 

59 56 

Vapour barrier 
20 mm Fermacell  
10 mm Rockwool (Roxul) 
208 mm CLT 

200 mm deep I-joists at 600 mm o.c., not attached 
to CLT 
200 mm Rockwood (Roxul) 
19 mm by 64 mm wood straps at 400 mm o.c. 
16 mm gypsum boards 

B8 B8-F2 

Ceramic tile 

58 55 

Ceramic glue 
20 mm Fermacell (gypsum panels) 
10 mm Rockwool (Roxul) 
208 mm CLT 

200 mm deep I-joists at 600 mm o.c., not attached 
to CLT 
200 mm Rockwood (Roxul) 
19 mm by 64 mm wood straps at 400 mm o.c. 
16 mm gypsum boards 
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Table 42 FSTC/ASTC ratings of field CLT walls 
 

Building ID Wall ID Wall details, from one side to other side FSTC/ASTC 

B7 B7-W1 

16 mm gypsum board 

46 
Type RC-1 (one leg) 25 gauge resilient channel at 600 o.c. 
Five plies  CLT of  184 mm  
Type RC-1 (one leg) 25 gauge resilient channel at 600 o.c. 
16 mm gypsum board 

B7 B7-W2 

16 mm gypsum board 

47 

Type RC-1 (one leg) 25 gauge resilient channel at 600 o.c. 
Three plies  CLT of  78 mm 
25 mm air gap filled with Rockwool (Roxul) 
Three plies CLT of  78 mm 
Type RC-1 (one leg) 25 gauge resilient channel at 600 o.c. 
16 mm gypsum board 

B8 B8-W1 

16 mm gypsum board 

54 

38 mm by 64 mm wood studs at 400 mm o.c. 
64 mm Rockwool in wall cavity 
12 mm air gap 
Three plies CLT of  105 mm 
12 mm air gap 
38 mm by 64 mm wood studs at 400 mm o.c. 
64 mm Rockwool (Roxul) in wall cavity 
16 mm gypsum board 

 
 
9.3 Results of the Studies on Massive Glulam Floors 
 
9.3.1 Impact Sound Insulation Performance of the 89 mm Massive Glulam Floor Assembly with Various 

Types of Finishing and Topping Details in Mock-up-2 
 
Tables 43 to 47 summarize the measured FIIC/AIIC ratings on 89 mm glulam decking topped with 1.2 m by 1.2 m 
sandwich patches made of various combinations of flooring, membrane, topping, and underlayment materials in 
mock-up-2. Mock-up-2 had an open upper room and had no ceiling. Therefore, the FIIC ratings provided in the 
tables were only for understanding trends of the effects of various types of flooring, membranes, toppings, and 
underlayment materials on the impact sound insulation performance of an 89 mm glulam floor. The FIIC ratings 
measured in such setups should not be used to estimate the FIIC ratings of a glulam floor, fully covered with a 
four-layer sandwich similar to that described in the tables, in real buildings.  
 
Overall, the tables show that it was a challenge for an 89 mm glulam floor to achieve an FIIC rating above 50 with 
only a topping. The highest FIIC rating amongst the measured FIIC ratings on specimens was 49, with a four-
layer sandwich made of 10 mm laminated flooring, 2.4 mm felt (AcoustiTech PremiumTM), 38 mm Ecomix 
concrete, and 18 mm felt (S125), and topped on glulam, specimen No. G15. 
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Table 43 FIIC/AIIC ratings of the 89 mm glulam floor specimens topped with a 1.2 m by 1.2 m four-layer 
sandwich patch made of various types of finishings-membranes-toppings-underlayment materials in 
mock-up-2 
 

Specimen ID Description of 1.2 m by 1.2 m sandwich patch, from top to bottom FIIC/AIIC 

G1 Bare 89 mm glulam floor 18 
Using dry topping (Fermacell)  

G2 20 mm Fermacell 2E32  34 
10 mm Rockwool 

G3 

12 mm engineered flooring  

35 2 mm white foam 

20 mm Fermacell 2E32  
10 mm Rockwool (Roxul) 

Using dry topping (Fiberock)  

G4 

12 mm engineered flooring 

37 11 mm wood fibreboard 
16 mm Fiberock  
11 mm wood fibreboard 

G5 

12 mm engineered flooring 

43 11 mm wood fibreboard 
2 layers of 16 mm Fiberock  
11 mm wood fibreboard 

G6 

8 mm ceramic tiles 

37 8 mm ceramic glue 
16 mm Fiberock 
11 mm wood fibreboard 

(continued) 
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Table 44 FIIC/AIIC ratings of the89 mm glulam floor specimens topped with a 1.2 m by 1.2 m four-layer 
sandwich patch made of various types of finishings-membranes-toppings-underlayment materials in 
mock-up-2 (continuing) 
 

Specimen ID Description of 1.2 m by 1.2 m sandwich patch, from top to bottom FIIC/AIIC 

Using normal-weight concrete topping  

G7 
38 mm, normal-weight concrete  

35 
3 layers of 6 mm felt (AcoustiTech LEAD 6TM ) 

G8 

12 mm engineered flooring 

43 2.4 mm felt (AcoustiTech PremiumTM ) 
38 mm normal-weight concrete  

3 Layers of 6 mm felt (AcoustiTech LEAD 6TM ) 

G9 

12 mm engineered flooring 

42 2.4 mm felt (AcoustiTech PremiumTM ) 
38 mm normal-weight concrete  
10 mm rubber mat (InsonoMat) 

G10 

12 mm engineered flooring 

46 2.4 mm felt (AcoustiTech PremiumTM ) 
38 mm normal-weight concrete  
18 mm felt  (S-125) 

G11 

12 mm engineered flooring 

46 2.4 mm felt (AcoustiTech PremiumTM ) 
38 mm normal-weight concrete  
12 mm wood fibreboard 

(continued) 
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Table 45 FIIC/AIIC ratings of the89 mm glulam floor specimens topped with a 1.2 m by 1.2 m four-layer 
sandwich patch made of various types of finishings-membranes-toppings-underlayment materials in 
mock-up-2 (continuing) 
 

Specimen 
ID Description of 1.2 m by 1.2 m sandwich patch, from top to bottom FIIC/AIIC 

Using lightweight concrete (Ecomix) topping 

G12 

10 mm laminated flooring 

42 2.4 mm felt (AcoustiTech PremiumTM ) 
38 mm Ecomix concrete  

2.4 mm rubber (Dura) 

G13 
38 mm Ecomix concrete  

27 
2.4 mm rubber (Dura) 

G14 
10 mm laminated flooring  

36 2.4 mm felt (AcoustiTech PremiumTM ) 
38 mm, Ecomix concrete  

G15 

10 mm laminated flooring 

49 2.4 mm felt (AcoustiTech PremiumTM ) 
38 mm, Ecomix concrete  
18 mm felt (S-125) 

 
 
9.3.2 Effects of Various Details of the 1.2 m by 1.2 m Four-layer Sandwich Patches on Impact Sound 

Insulation Performance of the 89 mm Glulam Floor Assembly in Mock-up-2 
 

 Effect of Finishing and Membrane on FIIC Ratings 9.3.2.1
 
When observing the comparison of the FIIC rating of specimen No. G3 with that of specimen No. G2, it was found 
that, when the floor was topped with a gypsum type of dry topping (Fermacell), the floating flooring did not 
improve the impact sound insulation significantly (one point increase). But, when comparing the FIIC of specimen 
No. G8 with that of specimen No. G7 and noticing that both had a 38 mm floating normal-weight concrete topping, 
it was found that, by adding the floating flooring above the concrete topping, the FIIC rating increased by 8 points. 
Furthermore, when comparing the FIIC rating of specimen No. G12 with that of specimen No. G13, and knowing 
that both had a 38 mm lightweight concrete topping, it was found that adding floating flooring above the 
lightweight concrete topping increased the FIIC rating by 15 points. The above observations indicated that, for 
that type of glulam floor without a dropped ceiling, finishing was needed, and the effect of finishing on the impact 
sound insulation depended on the type of topping. The finishing was very significant for the floor that used 
lightweight concrete topping and for the floor that used normal-weight concrete topping, but was not significant for 
the floor that used the Fermacell topping.  
 
When comparing the FIIC rating of specimen No. G4 with that of specimen No. G6, it was found that 8 mm 
ceramic tiles, along with 8 mm ceramic glue, had almost the same impact sound insulation performance as 12 
mm engineering flooring floating on 11 mm wood fibreboard. However, due to the poor moisture performance of 
wood fibreboard, using wood fibreboard as a membrane under wood flooring requires caution, and one should 
consult the flooring producer’s guide.  
 

 Effect of Topping Mass and Materials on FIIC Ratings 9.3.2.2
 
For specimens without a finishing, when comparing the FIIC ratings of specimens Nos. G2, G7, and G13 with that 
of specimen No. G1, it was found that, by adding a 20 mm Fermacell topping of 26 kg/m2, or a 38 mm normal-
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weight concrete topping of 78 kg/m2, or a 38 mm lightweight concrete topping of 70 kg/m2 to the 89 mm glulam 
floor, FIIC ratings increased by 16, or 17, or 9 points, respectively. 
 
It was interesting to note that, without finishing, the Fermacell had only 1/3 of the mass of the normal-weight 
concrete topping, but had almost the same effect on the impact sound insulation of the glulam floor. In contrast, 
the lightweight concrete topping had almost the same mass as the normal-weight concrete topping, but was much 
less effective than the normal-weight concrete topping in terms of improving the impact sound insulation of the 
glulam floor. Furthermore, upon examining the surface hardness and overall stiffness, it was found that the 
surface of the lightweight concrete was the hardest, and the surface of the Fermacell was the softest. This 
indicated that both of the mass and surface hardness of the topping was significant for the impact sound 
insulation of the glulam floor.  
 
Upon comparing the FIIC rating of specimen No. 5 with that of specimen No. G4, and knowing that specimen No. 
5 had two layers of 16 mm Fiberock, and specimen No. 4 had only one layer of the Fiberock, it was found that 
doubling the mass of the topping increased the FIIC rating by 6 points.  
 

 Effect of Underlayment under the Topping on FIIC Ratings 9.3.2.3
 
For the glulam floor topped with a 38 mm lightweight concrete topping: when comparing the FIIC rating of 
specimen No. G14 with that of specimen No. G12 which  had similar  finishing and topping, but only one used the 
2.4 mm rubber mat (Dura) to float the topping (G12), while the other did not (G14), it was found that using the 2.4 
mm rubber mat (Dura) under the lightweight concrete topping increased the FIIC rating by 6 points. This implied 
that floating a lightweight concrete topping was important.  
 
Examining the results given  in Tables 44 and 45 of the glulam floor with the concrete toppings and various 
underlayment materials, it was found that the type of underlayment was also a factor in relation to the degree of 
improvement of the impact sound insulation. Below are some  examples.  
 
For the glulam floor with a 38 mm normal-weight concrete topping with various underlayment materials, when 
comparing the FIIC ratings of specimens No. G8, G9, G10, and G11 to each other, it was found that the 18 mm 
felt (S125) performed almost identically to the 12 mm wood fibreboard, the three layers of 6 mm felt (Thermason 
VB), and the 10 mm rubber mat (InsonoMat), in terms of improving the impact sound insulation of the assembly. It 
was also found that the 18 mm felt or the 12.5 mm wood fibreboard was more effective than the three layers of 6 
mm felt (Thermason VB) and the 10 mm rubber mat. A similar observation was found upon comparing the FIIC 
rating of specimen No G12 with specimen Nos G15, G12, and G15, which had the same floating flooring: 38 mm 
lightweight concrete topping with different underlayment. The assembly that used the 18 mm felt (S125) had 
better impact sound insulation performance (G15) than the assembly that used the 2.4 mm rubber mat (Dura) 
(G12): it was 7 points higher. This emphasizes that selecting proper underlayment for the topping is important to 
achieving cost-effective sound insulation design.  
 
9.3.3 Sound Insulation Performance of a Field Massive Glulam Floor in a  Post-beam Building 
 
Table 46 provides construction details of a field massive glulam floor in a commercial post-beam building.  
 
Table 46 FSTC/ASTC and FIIC/AIIC ratings of a field massive glulam floor 
 

Building ID Floor ID Floor details, from top to bottom FIIC/AIIC FSTC/ASTC 

B9 B9-F1 

Carpet 

53 41 

18 mm plywood 
20 mm gypsum board (Fermacell) 
10 mm Rockwool (Roxul) 
18 mm plywood 
4 mm felt (Thermason HD) 
89 mm T&G glulam deck made of 0.3 m wide panels 
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It was observed that, for a glulam floor without a dropped ceiling, and with only a dry topping, it was difficult to 
achieve satisfactory sound insulation, especially airborne sound insulation, even if the FIIC rating was not very 
low. The low FSTC rating is an indicator of lack of mass of the floor. The high FIIC rating was measured on a floor 
with a carpet; the carpet increased the FIIC rating, but this does not mean the floor impact sound insulation was 
high, because carpet does not prevent audible low frequency footstep noise transmission. Lack of mass is also a 
major cause of low frequency footstep noise transmission.  But this building was a commercial office building, so 
the expectations of occupants in the office buildings were not as high as those of multi-family occupants.  
 
 
9.4 Sound Insulation Performance of a Wood-concrete Composite Floor in a Hybrid Wood-

concrete Building 
 
Table 47 provides sound insulation performance measured on a wood-concrete composite floor.  
 
Table 47 FSTC/ASTC and FIIC/AIIC ratings of a field wood-concrete composite floor 
 

Building ID Floor ID Floor details, from top to bottom FIIC/AIIC FSTC/ASTC 

B10 B10-F1 

Carpet 

63 53 

100 mm reinforced concrete with radiant heating 
 system 
25 mm thick thermal insulator 
89 mm laminated-strand-lumber (LSL) 

HBV shear connectors between concrete and LSL 
 
 
As demonstrated in the table, the wood-concrete composite floor, with a 100mm heavy concrete slab bonded to 
the 89mm wood deck, achieved satisfactory sound insulation with relative ease, without a dropped ceiling. Such 
composite floors are the simplest of wood floor systems studied so far. They have only four essential layers, the 
finishing, concrete, insulator, and wood slab, but achieve satisfactory sound insulation. This is an innovative way 
of designing sound insulation for wood slab floors with wood exposed on the ceiling side.  
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10 CONCLUSION 
This study indicates that, with proper design and flanking control on construction site, wood buildings can achieve 
cost-effective and satisfactory sound insulation. The following specific conclusions can be made: 
 

1. for light-frame wood-joisted floors, with good control of flanking, achieving  FSTC/ASTC and 
FIIC/AIIC ratings above 50 requires a decoupled drywall ceiling and a properly designed four-
layer sandwich topped above. The sandwich is composed of a finishing, membrane, topping, and 
underlayment; 

2. for CLT floors without a drop ceiling, achieving FSTC/ASTC and FIIC/AIIC ratings above 50 is a 
challenge and requires an intelligent design of four-layer sandwich topped CLT floors and 
knowledge of the sound insulation performance of finishings, membranes, toppings, and 
underlayment materials, which is provided in this report. With a dropped acoustic ceiling, using 
acoustic hangers, achieving FSTC/ASTC and FIIC/AIIC ratings above 50 was relatively easy; 

3. for massive floors with the 89 mm glulam deck without a decoupled ceiling, achieving 
FSTC/ASTC and FIIC/AIIC ratings above 50 is a challenge too, and needs an intelligent design 
of four-layer sandwich topped CLT floors and knowledge of the sound insulation performance of 
finishings, membranes, toppings, and underlayment materials, which is provided in this report; 

4. wood-concrete composite floors with a 100 mm thick heavy concrete slab bounded to the 89 mm 
wood deck can achieve FSTC/ASTC and FIIC/AIIC ratings above 50 quite simply, without 
requiring a dropped ceiling. Such composite floors are the simplest of the wood floor systems 
studied so far. They are made of four layers: the finishing, concrete, insulator (optional), and 
wood slab, but achieve satisfactory sound insulation. This is an innovative approach to design for 
the sound insulation design of wood slab floors with wood exposed on the ceiling side.  

 
This report documented the results of the laboratory study in the mock-ups and the field measurements of sound 
insulation of the wood buildings, and contains fresh information on solutions for sound insulation of conventional 
and innovative wood buildings. The solutions for floor impact sound insulation, with various finishings, are unique. 
The solutions, with FSTC/ASTC or FIIC/AIIC ratings measured in the field with conventional or innovative wood 
floors and walls, can be directly applied to other similar wood building projects to achieve, at least, similar results, 
as long as best practices are followed for minimizing flanking paths. Most of the solutions presented in this report 
had ASTC/FSTC or AIIC/FIIC ratings above 45. They were cost-effective and used materials available on the 
market.  
 
Architects, designers, and builders will also find that the database on the effects of various construction details 
pertaining to the sound insulation of wood floors and walls is useful for developing cost-effective acoustical 
designs for wood floors and walls. Finishing and underlayment (insulation) producers will find this report useful for 
improving or innovating their products.  
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11 POINTS TO CONSIDER 
The following points should be considered:  
 

 when selecting a solution, a trade-off is required, which takes into account the sound insulation, material 
and labour costs, ease of installation, and impact on other performance aspects, such as those related to 
deformation, fire, thermal insulation, and structural integrity; 
 

 to successfully apply the proposed design and construction solutions in this report to building projects, 
there must be onsite quality control pertaining to flanking. The solutions cannot guarantee the same 
ratings if best practices are not followed;  
 

 best practices consists of  three components: a) flanking control, b) field measurement of FSTC/ASTC 
and FIIC/AIIC ratings of floors and walls after the project is completed, c) subjective evaluation by 
promoters, developers, architects, engineers, and producers, using the procedure described in this report. 
If people do not like the sound insulation, then they cannot expect the occupants to like it either;  
 

 when using wood fibreboard as underlayment, caution should be used when selecting wood fibreboard. 
Its density and dynamic stiffness should be taken into account. Wood fibreboard products in the market 
vary greatly in terms of their density and dynamic stiffness, and in their damping ratios. It is preferable to 
have a density higher than 3.5 kg/m2 and a dynamic stiffness lower than 90 MN/m3 for a 38mm concrete 
topping. For thicker and heavier toppings, it is recommended to use wood fiberboard that is thicker, 
heavier, and has lower dynamic stiffness than that used for the 38mm concrete topping; 
 

 when using cementitious materials  as topping materials, caution should be exercised. At the very least, 
their density, stiffness, and surface hardness should be known; 
  

 further studies will be conducted to measure the acoustic properties of insulation materials. The next step 
in the study will be focused on  measuring the insulation materials available on the market and used in 
this study, to better guide the application of solutions described in this report; 
  

 ratings measured on floors topped with 1.2 m by 1.2 m sandwich patches show trends pertaining to the 
effects of finishings, membranes, toppings, and underlayment materials on impact sound insulation. 
There is no correlation between the ratings of the floors topped with 1.2 m by 1.2 m patches and those 
ratings of the same floors topped with full-size patches of the same type. Therefore, the ratings cannot be 
used to estimate the impact sound insulation performance of field floors fully covered with patches; 
 

 the performance of various finishings, membranes, toppings, and underlayment materials studied and 
presented in this report is unbiased scientific data. There is no intent to promote or demote any product.   

 
12 NEXT STEPS 
The following steps will be taken to develop a guide for noise-controlled design for wood building construction:  
 

 Measure the mechanical and sound insulation properties of wood floor and wall components, 
finishings, membranes, toppings, and underlayment materials; 

 Identify properties that significantly dominate the sound insulation performance of wood-based 
floor and wall systems; 

 Continue screening studies in FPInnovations’ mock-ups, especially those pertaining to the effects 
of ceramic tiles on sound insulation and the development of solutions for floors with tiles; 

 Continue field measurements on wood buildings, especially innovative wood buildings, to 
enhance the database and provide feedback to designers; 

 Continue follow-up tests on buildings that implement solutions developed in FPInnovations’ 
mock-ups; 

 Continue to assist designers, architects, producers of insulation materials, builders, and 
developers in developing sound insulation solutions. 
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