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SUMMARY

The National Building Code of Canada 1990 (NBCC) provided sound-transmission-class (STC) and fire- 
resistance (FR) ratings for many of the construction assemblies traditionally used in Canadian housing and small 
buildings. However, 1991 changes in the Canadian standard for gypsum board, CAN/CSA-A82.27, called 
into question those ratings. Therefore, the Canadian Commission for Building and Fire Codes (CCBFC) 
decided to delete from the 1995 edition of the NBCC all information related to fire resistance and acoustical 
performance of generic construction assemblies that could not be supported by contemporary data. Since no 
single organization in Canada could afford to bear the costs associated with a testing program to determine STC 
and FR ratings for all of the assemblies commonly used in Canadian housing and small buildings, a partnership 
of affected industries and government organizations was created, and in the latter part of 1992, the National 
Research Council Canada (NRC), in collaboration with those industry and governmental partners, commenced 
a research program to quantify STC and FR ratings for generic construction assemblies. Forintek Canada 
Corp., with assistance from the Canadian Wood Council (CWC), is participating in that program on behalf of 
Canada's wood products industry. This report describes progress achieved in that research program in 
1995/96.

Noteworthy accomplishments in 1995/96 were as follows.

•  In December, the 1995 edition of the NBCC was published. As a result of earlier work in this research 
project, Table A-9.10.3.A. contained STC and FR ratings for 154 designs of wood-frame walls. The 
1990 edition of the code provided those ratings for 26 wall designs . Only 12 designs would have been 
included in the 1995 NBCC if this project had not been successful.

•  A Forintek TECHNOTE entitled "New Sound-Transmission-Class and Fire-Resistance Ratings for 
Wood-Frame Walls", by L.R. Richardson, was published.

•  A paper entitled "Fire-Resistance and Sound-Transmission-Class Ratings for Wood-Frame Walls", by 
L.R. Richardson and R.A. McPhee (CWC), was accepted for publication in Fire and Materials.

•  A paper entitled "Revisiting the Component Additive Method for Light-Frame Walls Protected by 
Gypsum Board", by L.R. Richardson and M. Batista, was presented at the 21st International 
Conference on Fire Safety. A version of this paper was submitted for publication in Fire and Materials.

•  A paper entitled "Fire-Resistance of Wood-Frame Wall Assemblies Used in Canadian Housing and 
Small Buildings", by L.R. Richardson and M. Batista, was written and will appear in the conference 
proceedings for the 3rd International WOOD & FIRE SAFETY Conference. The conference will be held 
May 6-9, 1996 at the Hotel Patria, The High Tatras, Slovak Republic.

•  Work continued on two collaborative agreements between Forintek and NRC: design of fire-stop 
details which increase sound isolation in multi-family dwellings [flanking]; and, determination of the 
fire and acoustical performance of floors.

•  CWC established a collaborative agreement with NRC to determine FR and STC ratings for shear 
walls. Forintek is assisting CWC in this research by the provision of materials, technical advice and 
laboratory testing.

x
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1.0 OBJECTIVES

To determine fire-resistance and sound-transmission-class ratings for generic wood-frame assemblies 
protected by gypsum board.

2.0 BACKGROUND

Sound-transmission-class (STC) and fire-resistance (FR) ratings for many of the generic construction 
assemblies traditionally used in construction of Canadian housing and small buildings have been published 
in every edition of the National Building Code of Canada (NBCC) since 1965. While some of the FR 
ratings had been updated over the intervening years, many of them had not been revised since 1965. 
Therefore, in 1992, the Canadian Commission for Building and Fire Codes (CCBFC) decided to delete 
from the 1995 edition of the NBCC every FR rating that could not be supported by contemporary data. 
Their reasons were as follows.

•  Building materials and construction practices had changed substantially since 1965. Consequently, 
FR ratings for assemblies constructed with new building materials or using modern construction 
practices could have changed.

•  Much of the test data upon which the original FR ratings were based had been lost over the 
intervening years.

•  Specific procedures in the test methods used to quantify fire endurance of building constructions 
had been changed in the past forty years. Consequently, FR determined in the 1960's might not be 
confirmed in the 1990's.

•  In 1991, the Canadian standard for gypsum board, CAN/CSA-A82.27 Gypsum Board, was revised. 
One aspect of the revision involved removal of requirements for minimum density of gypsum board 
from the standard. While the changes harmonized the Canadian standard with its American 
counterpart, ancillary changes in the physical properties of gypsum board which accompany 
reductions in board density created apprehension among building officials that many of the 
performance properties traditionally afforded gypsum board could no longer be sustained. For 
example, based upon pure physics, a limited reduction in density of gypsum board should not 
significantly change the thermal performance of gypsum board (thermal conductivity and specific 
heat). However, those same reductions in density could degrade the board's hardness, resistance to 
bending (stiffness), breaking (fracture) and puncture (nail-head pull-through resistance) and 
increase the amount of shrinkage in boards exposed to fire. Any impairment in the mechanical 
properties of gypsum board could compromise the composite performance of loadbearing wood- 
frame assemblies protected by the gypsum board. Thus, while the FR rating for a non-loadbearing 
wood-frame wall protected by a lower density gypsum board might not change, the FR rating of a 
loadbearing wall could be significantly diminished.

Because sound transmission across gypsum board is directly affected by the density of the board, the 1991 
changes in CAN/CSA-A82.27 also called into question the STC ratings in the NBCC. In keeping with 
their actions in regard to FR ratings for gypsum board-protected assemblies, the CCBFC decided to delete 
every STC rating from the 1995 edition of the NBCC unless that rating was supported by contemporary 
data.
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Canadian architects, fire-protection engineers and building officials make extensive use of the STC and FR 
ratings in the NBCC when designing and approving housing and small buildings in Canada. The STC 
ratings are also used extensively in the design of large engineered structures. Wood-frame assemblies, 
more than any other, are designed and constructed in accordance with the STC and FR ratings listed in the 
NBCC. Deletion of that information from the code would seriously impede the use of wood-frame 
structures in Canada and severely impair Canadian markets for lumber and panel products. Therefore, the 
Canadian Wood Council (CWC), the Council of Forest Industries of British Columbia (COFI) and the 
Structural Board Association (SBA) asked Forintek to generate the data necessary to keep STC and FR 
ratings for commonly used wood-frame assemblies in the NBCC. Because American model building codes 
were closely following the CCBFC's deliberations, the American Wood Council (AWC) also encouraged 
Forintek to act on this problem.

Because no single organization in Canada could afford to bear the costs associated with a testing program 
to determine STC and FR ratings for all of the assemblies commonly used in Canadian housing and small 
buildings, a partnership of affected industries and government organizations was created and, in the latter 
part of 1992, the National Research Council Canada (NRC), in collaboration with those industry and 
governmental partners, commenced a research program to quantify STC and FR ratings for gypsum-board- 
protected wood-frame and steel-frame building assemblies. The "partners" included manufacturers of 
gypsum board, glass-fibre, rock-fibre and cellulose-fibre insulation, light-steel framing, and wood products. 
They also include the Canadian Flome Builders Association (CHBA), Canada Mortgage and Housing 
Corporation (CMHC), Alberta Ministry of Housing, Ontario Ministry of Housing, Ontario New-Home 
Warranty Program, and NRC's Canadian Code Centre. Forintek Canada Corp., with assistance from 
CWC, is participating in the program on behalf of Canada's wood products industry. Forintek provides 
materials (wood structural members and panel products), "services in kind" (engineering analysis, technical 
advice, and related testing services), and financial support to NRC. As a member of the partnership 
committee overseeing the research project, Forintek has input into the selection of assemblies to be studied 
and the right to use the resulting test data and test reports. The actual fire-endurance and acoustical- 
performance tests are carried out by NRC. Initially the NRC program focused on FR and STC ratings for 
walls. When that phase of the program was completed, the program turned to floor/ceiling and roof/ceiling 
assemblies and the list of partners was augmented by manufacturers of engineered wood products (I-joists 
and trusses), and manufacturers of concrete products. At the same time, a number of American partners 
joined the NRC program.

In recent years, building regulations in Ontario, Alberta and British Columbia, have increased the amount 
of sound isolation required in multi-family dwellings. CMHC requires even greater levels of sound 
isolation in multi-family residential buildings financed by them. However, the building industry’s ability to 
construct joint details at the conjunction of building assemblies has not kept pace with these demands for 
increased sound isolation. Consequently, many party-assemblies fail to meet the tougher acoustical 
specifications and consumer expectations. Inappropriate joint details often compromise the fire resistance 
and structural integrity of the assemblies, further exacerbating the problem. Therefore, the collaborative 
research program with NRC was expanded to include an investigation of joint details which provide 
adequate sound isolation at the intersection of two or more building assemblies.

The following summarizes the overall program:
•  Interior walls:

Planning for this part of the program began in the last months of 1991. In March, 1993, Forintek 
established two collaborative research agreements with NRC. One agreement required NRC to 
determine STC ratings for approximately 140 wood-frame walls. The other agreement required 
NRC to carry out fire-endurance tests on 50 small-scale and 20 full-scale walls. All of those tests 
were completed in March, 1994. Submissions for code changes were made in April, 1994 and
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those code changes were approved in October, 1994. In December, 1995, the 1995 edition of the 
NBCC was published. Table A-9.10.3.A. contained STC and FR ratings for 154 designs of wood- 
frame walls.

•  Flanking transmission of sound and spread of fire at joints between intersecting assemblies: 
Planning for this part of the program began in November, 1993. In August, 1994, Forintek 
established a collaborative research agreement with NRC for the study of joint details offering 
improved sound isolation and fire endurance in multi-family residential and commercial buildings 
(flanking transmission of sound and fire spread). NRC commenced testing joint details in August, 
1994 and its tests on joints containing fire-stops were completed in March, 1996. NRC will submit 
a report on this phase of the program later in 1996. It is anticipated that submissions for code 
changes will be made in 1997 and that design guides for construction of joint details with adequate 
sound isolation will be published in 1997 or 1998.

•  Floor-Ceilings and Roof-Ceilings:
Planning for this part of the program began in February, 1994. In March, 1995, Forintek 
established a collaborative research agreement with NRC that requires NRC to carry out acoustical 
tests on approximately 90 floors and fire endurance tests on 25 small-scale and 16 full-scale floors. 
NRC's tests began in March, 1995 and were scheduled to be completed by March, 1998.
However, the number of partners in this phase of the NRC program has grown so large that it is 
likely that 24 to 30 full-scale fire tests will be carried out. This will delay the final completion of 
the work until sometime in 1999. Notwithstanding this delay, it is anticipated that submissions for 
code changes concerning wood-joist floors will be made in time for their publication in the 2001 
edition of the NBCC1..

•  Exterior Walls and Shear Walls:
Work on this part of the program was not anticipated to begin until 1996 or 1997.
However, unexpected funding from CWC allowed it to get underway early in 1995. This 
is explained in the next section of this report.

Specific details about the work being carried out for this project by NRC can be found in the following 
documents:

•  NRC Proposal #NP-B466 Statement of Work - Fire Performance of Insulated and Non-insulated 
Gypsum Board Wall Assemblies (03 February 1993).

•  NRC Proposal #NP-B484 Statement of Work - Sound Transmission Through Gypsum Board Walls 
(02 march 1993).

•  NRC Proposal #NP-B674.7 Statement of Work - Flanking Sound Transmission at Joints in Multi- 
Family Dwellings, Part 1: Transmission Via Fire Stops (27 July 1994).

•  NRC Proposal ÆNP-B921.1 Statement of Work - Fire and Acoustical performance of Floor 
Assemblies (17 February 1995).

•  NRC Proposal #NP-B944 Statement of Work - Fire Resistance and Sound Performance of Wood 
Stud Shear Walls (28 March 1995).

1 See 4.0 PROGRESS (April 1995 to March 1996) regarding the publication of future editions 
of the NBCC.
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Appendix D-2.3 of the NBCC provides a simple calculation method for assigning FR ratings up to 90 
minutes (IV2 h) to wood and steel-frame walls, floors and roofs. Commonly called the Component 
Additive Method (CAM), this practical alternative to fire-endurance tests is applicable to both loadbearing 
and non-loadbearing wood-frame walls and to non-loadbearing steel-frame walls. It was originally 
developed by scientists at NRC in the early sixties. FR ratings for framed walls are calculated using CAM 
by adding the time assigned for the membrane on the fire-exposed side of the wall to the time assigned for 
the framing members plus the time assigned for any additional protective measures such as insulation in the 
cavities between the studs. When CAM was devised, the times which were assigned to membranes on the 
fire-exposed side of a wall were based upon their ability to remain in place during fire tests. Once the 
membrane on the fire-exposed side of a framed wall has fallen off, there is a brief period before structural 
failure occurs during which the studs are exposed directly to flame. The times assigned to the framing 
members were based on the time between the failure of the membrane and the collapse of the assembly. 
Preformed (batt-type) glass-fibre or rock-fibre insulation provide additional protection to wood studs by 
shielding them from exposure to the fire and thus delaying the time of collapse. The times assigned for 
those components were based upon their ability to further delay collapse of the walls. The 1992 decision 
by the CCBFC to delete from the 1995 NBCC all information related to the fire-resistance of generic 
assemblies that could not be supported by contemporary data, resulted in the removal of all entries for 
"regular" gypsum board from Appendix D-2.3.

While CAM was originally developed in Canada and is an important feature of the NBCC, it is also 
described in model building codes in the United States in a proposed American Society of Civil Engineers 
(ASCE) design standard, and it forms the basis for Eurocode 5: Design of timber structures - Part 1.2: 
General rules - Structural fire design.

NRC instruments each assembly in this research program with many more thermocouples than are 
normally used in fire-endurance tests. They also use a number of linear transducers to measure the amount 
of deflection in each assembly during the fire tests. The physical and structural properties of all materials 
in each assembly are fully characterized. Consequently, the research program provides a wealth of data 
which can be used to assign new times to the various components of framed walls for CAM . In addition, 
the data can be used for validation of the heat-transfer and structural-fire-endurance models being 
developed by various North American Wood Products Fire Research Consortium (NAWPFRC) members, 
including Forintek.

3.0 STAFF

L.R. Richardson Project Leader 
Research Scientist

H.W. Gribble Program Manager

H. Takeda Research Scientist

J. Hsu Research Scientist

J. Mehaffey Research Scientist

M. Batista Research Technologist

Y. Tardif Research Technologist
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J.C. Garant Research Technologist

M. Caron Secretary

C. Wright Student

4.0 PROGRESS (April 1995 to March 1996)

A multi-level, multi-partner technology transfer plan was devised by Forintek and CWC to transfer the 
research results from this project, as they become available, into practice. Facets of the strategy are 
summarized below.

•  Forintek will not disseminate any information about this research project unless that 
information has market-support or market-development implications for the wood industry. 
Forintek will rely upon NRC's scientists to publish the "purely scientific" results from this 
research project.

•  Forintek and CWC will work together in analyzing the test results and formulating 
appropriate recommendations for Canadian building code changes.

•  Forintek will make presentations at scientific conferences and publish papers in scientific 
journals. The papers will document those revisions to building codes and test methods that 
are supported by results from this research project, and they will catalogue designs for 
building assemblies with improved sound isolation and fire resistance.

•  Acting alone or in concert with other industry partners in these NRC projects, CWC will 
submit suitable proposals for changes to the NBCC and shepherd those proposals through 
the NBCC code-writing process. The scientific papers written by Forintek will be used to 
support CWC’s submissions.

•  CWC will use their extensive communication resources (exhibitions, workshops, 
publications, design manuals, and direct mailings) to get information about this project out 
to architects, design engineers, builders and building officials.

•  AWC will do the same in the United States.

•  Forintek and CWC will encourage other partners in the NRC research program such as the 
manufacturers of gypsum board, to disseminate the results of the research as widely as 
possible within their industry and their "spheres of influence".

•  Both Forintek and CWC disseminate information about this project as extensively as 
possible to their members and supporters.

•  Because results from this research support markets for wood around the globe, Forintek 
will employ its resources and international connections to disseminate information about 
this project in relevant locations abroad such as Japan, southeast Asia and Europe.

This is a time of transition for building codes and for the code-writing process in Canada. The CCBFC has 
elected to move from the current prescriptive building code to an objective-based code. At the same time,
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it has suggested that a separate housing code will be developed to replace that part of the current code that 
is applicable to construction of low-rise (not more than four storeys) housing and small buildings. This 
would allow the Commission to continue to publish the prescriptive building requirements currently found 
in Part 9 of the code that are essential to construction of low-rise housing and buildings by small building 
contractors. In order to do this, the CCBFC has proposed that the next edition of the NBCC be an 
objective-based code, and that a separate housing code, be published in 1998. Then, they propose to 
publish the next edition of the NBCC in 2001. That edition of the code would outline performance criteria 
which demonstrate compliance of building designs with the objectives of the code. However, this schedule 
is nebulous at best and furthermore, it is still not clear just how the various pieces of this new building code 
would come together. What is clear however, is that the traditional five-year code cycle will no longer be 
followed. Therefore, in order to assure that the results of this research project are published in the NBCC 
in a timely manner, much of the work dealing with wood-joist floors and wood-frame shear walls is 
scheduled to be completed by early 1998. This should allow STC and FR ratings for those assemblies to be 
published in a 1998 edition of the building code.

The National Building Code of Canada 1995 was published in December. As a result of the work on 
interior walls that had been carried out for this research project in 1993 and 1994, Table A-9.10.3.A.
(pages 404 through 414) contained STC and FR ratings for 154 different designs of wood-frame walls.
The 1990 edition of the code had provided those ratings for 26 wall designs. Only 12 designs would have 
been included in the 1995 NBCC if this project had not been undertaken. In addition, by referencing 
specific test results from this research program, builders will be able to use designs for wood-frame walls 
with "enhanced" STC and FR ratings that are not listed in the code. Because architects and builders select 
wall designs on the basis of code requirements (prescriptive numbers), material costs and simplicity of 
construction, only a few of the designs listed in the NBCC will be used in new construction. However, the 
building renovation and repair industry will probably make use of many wall designs that are seldom used 
for new construction.

A paper by L.R. Richardson and D.M. Onysko entitled "Fire-endurance Testing of Building Constructions 
Containing Wood Members" was published in Fire and Materials, Vol. 19, No. 1 (29-33). A copy of the 
paper can be found in Appendix I.

A paper entitled "Fire-Resistance and Sound-Transmission-Class Ratings for Wood-Frame Walls", by L.R. 
Richardson and R.A. McPhee (CWC), was accepted for publication in Fire and Materials. A copy of the 
paper can be found in Appendix II.

On January 11, 1995, a paper entitled "Revisiting the Component Additive Method for Light-Frame Walls 
Protected by Gypsum Board", by L.R. Richardson and M. Batista, was presented at the 21st International 
Conference on Fire Safety in San Francisco. A copy of the paper can be found in Appendix III. A version 
of the paper was submitted for publication in Fire and Materials.

A Forintek TECHNOTE entitled "New Sound-Transmission-Class and Fire-Resistance Ratings for Wood- 
Frame Walls", by L.R. Richardson was published. A copy of this TECHNOTE can be found in Appendix 
IV.

A paper entitled "Fire-Resistance of Wood-Frame Wall Assemblies Used in Canadian Housing and Small 
Buildings", by L.R. Richardson and M. Batista, was written and will appear in the conference proceedings 
for the 3rd International Wood & Fire Safety Conference. The conference will be held May 6-9, 1996 at the 
Hotel Patria, The High Tatras, Slovak Republic. A copy of the paper can be found in Appendix V.
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The 1995 NAWPFRC Fire Modelling Workshop was held on November 13 and 14, 1995, at the offices of 
the American Forest & Paper Association (AF&PA) in Washington, D.C. L. Richardson made a 
presentation at the workshop entitled "The Collaborative Canadian Research Program to Determine Fire- 
Resistance and Sound-Transmission-Class Ratings for Wood-Frame Floors and Walls".

CWC published a brochure entitled "Effect of Changes to the 1995 NBCC on Wood Construction". Ten of 
the sixteen pages in that brochure were devoted to code changes resulting from this research program. The 
booklet was widely distributed to Canadian builders, architects, fire-protection engineers, provincial and 
municipal building officials and the wood industry.

Two research papers related to this project were presented at the 1995 International Fire and Materials 
Conference on November 15, 1995. The first paper, by M. Sultan of NRC, was entitled "The Effect of 
Gypsum Board Density and Glass Fibre in Gypsum Board Core on the Fire Resistance of Lightweight 
Frame Wall Assemblies". A paper by G. Thomas from the University of Canterbury in New Zealand, was 
entitled "Mechanical Properties of Timber at High Temperatures". It confirmed conclusions about the fire 
endurance of loadbearing wood-frame walls which were reported in the previously described paper by 
Richardson and Onysko.

The Gypsum Association has agreed to include all of the design information developed from the interior 
wall tests in the next edition of their GA - 600 Fire Resistance Design Manual.

Meetings of the Steering Committee overseeing the collaborative research project on fire and acoustical 
performance of floors were held on April 18 and September 20, 1995, and February 6, 1996. Meetings of 
the Steering Committee overseeing the collaborative research project on flanking transmission of sound 
and fire at joints in multi-family dwellings were held on April 19 and September 21, 1995, and February 7, 
1996. Copies of the interim reports that were presented during each of those meetings, copies of the 
minutes for the four meetings in 1995 and Forintek Meeting Reports for the six meetings can be found in 
Appendix VI (minutes for the February 6 and 7 meetings were not available when this report was being 
written). These reports were to inform the partners in each project about the tests that had been performed. 
Because they are only draft reports, they contain numerous errors. However, the reports, the minutes of 
the Steering Committee meetings, and the six Forintek Meeting Reports provide a good summary of the 
work carried out, NRC's test results, and the preliminary conclusions being reached.

When Forintek's scientists devised the general outline for this research project, it was assumed that 
Forintek would not have the resources available to commence any work on asymmetrical walls (shear walls 
and exterior walls) until 1997, or later. However, in early 1995, CWC was able to garner enough financial 
resources for them to establish a collaborative agreement with NRC to determine FR and STC ratings for 
shear walls, if Forintek could provide the materials (wood structural members and panel products), 
engineering analysis, technical advice, and related testing services required for those tests. In 
consideration of Forintek having input into the selection of assemblies to be studied, and the right to use the 
resulting test data and test reports, Forintek agreed. In April, 1995, CWC established a collaborative 
research agreement requiring NRC to carry out five full-scale fire-endurance tests and twelve acoustical 
tests on wood-frame shear walls constructed with OSB or CSP plywood shear panels. That work is 
scheduled to be completed and a report issued by October, 1996.

As previously noted, supplemental temperature and deflection data were collected during the fire-endurance 
tests on interior walls. Those data were analyzed to see if the times assigned by the component additive 
method for each of the materials used in construction of those walls properly reflected their contribution to 
the overall fire-resistance rating of the assemblies. The results of these analyses are described in the papers 
presented at the 21st International Conference on Fire Safety and submitted for publication in Fire and
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Materials. The conclusions outlined in those papers will be used to support revisions to Appendix D-2.3 in 
future editions of the NBCC.

The North American Wood Products Fire Research Consortium (NAWPFRC) was created in 1988 to 
coordinate the non-proprietary fire research carried out on behalf of the wood industry in North America. 
Member organizations include AWC, CWC, APA-77z<? Engineered Wood Association, U.S. Forest Products 
Laboratory (FPL) and Forintek. On August 10, 1995, researchers from the five member organizations, 
along with representatives from the wood industry and several American universities, met at AF&PA's 
offices. Forintek chaired the meeting. Much of the discussion about this project centered around the 
question of how to get the information out to American architects, builders and code officials.

On August 9 and November 14, 1995, the AWC Subcommittee on Fire Performance of Wood met at 
AF&PA's offices to formulate a prioritized list of issues related to the fire performance of wood that 
threaten markets for wood products ("fire-issues"), devise strategies which address the more serious of 
those issues, and map out short and long-term fire research projects to be carried out on behalf of the wood 
industry. Because of the impact that the results of this project could have on model building codes in the 
United States, this project was discussed in detail at both meetings.

There were many meetings during the year to develop detailed plans for various aspects of this research 
program and to formulate strategies which would optimize benefits to the wood industry through the 
participation of Forintek and CWC in this work. The following is a brief synopsis of those meetings. 
More detailed reports for a number of the meetings can be found in Appendix VII.

April 5, 1995

April 27, 1995

May 1, 1995

May 3, 1995

Representatives of CWC and Forintek worked out design details and test conditions 
for floor systems being tested by NRC for acoustical and fire performance.

Representatives of CWC, NRC-NFL, NRC-Acoustics and Forintek finalized plans 
for the joint NRC-industry research program to determine sound-transmission-class 
and fire-resistance ratings for shear walls.

Representatives of SBA, CWC and Forintek reviewed results from NRC's sound 
and fire tests on interior partition walls and discussed optimum design details for 
the joint (flanking), floor-ceiling, and shear-wall systems to be evaluated by NRC 
for acoustical and fire performance.

Representatives of Kent Trusses and Forintek discussed the types of floor systems 
to be studied in this project. Kent Trusses offered to provide the trusses (both 
wood-web and metal-web), free of charge, for the project. Forintek agreed to 
include at least one floor constructed with metal-web trusses in the study.

May 15-17 and November 16-17, 1995
Forintek's fire research scientists held brain-storming sessions to review their 
current research projects and to plan future research, and codes and standards 
activities. A representative of CWC sat in on these meetings. Much of the time 
was spent discussing Forintek's development of structural fire-endurance models 
and how the data from this research project should be used to validate those 
models.

June 5, 1995 Representatives of CWC, NRC-NFL, J.M. Marshall & Associates and Forintek 
finalized agreement on construction details for the shear walls to be tested for fire



and acoustical performance and reviewed the testing methods NRC would employ 
when assessing fire-resistance of fire-stop/joint details at the intersection of floor
ceiling assemblies and party walls.

June 15, 1995 Representatives of CWC, RockwoolR International A/S and Forintek reviewed 
possible benefits from the use of rock-fibre insulation in wood-frame assemblies 
being tested for fire endurance. Rockwool manufactures 90 percent of all rock- 
fibre insulation in the world. Their North American manufacturer/distributer is 
ROXULR in Milton, Ontario. Roxul is one of the partners in the industry- 
government-NRC testing program to determine sound and fire ratings for building 
assemblies.

June 16, 1995 Representatives of CWC, APA, NRC-NFL and Forintek reviewed the fire 
performance of shear walls constructed with CSP plywood and OSB.

September 8 and September 18, 1995
Representatives of CWC, NRC-Codes Centre, NRC-NFL and Forintek finalized

November 17, 1995

technical details for large-scale tests to examine fire-stopping performance of semi
rigid glass-fibre and rock-fibre insulation placed between the two walls at the 
conjunction of floors on each side of double-stud fire-rated party walls.

Representatives of NRC’s Code Centre, CWC, CHBA, NRC-NFL and Forintek 
established principles for determination of the loads to be applied to wood-joist 
floors during fire-endurance tests for this project. It was concluded that those loads 
should be the maximum allowable design loads, as determined according to 
CAN/CSA-086.1.

November 23 Paul Clancy from the Victoria University of Technology (VUT) in Australia visited 
Forintek to discuss how the results of this research project could be used for 
validation of the fire resistance models being developed by VUT.

November 24 NRC carried out the third full-scale fire endurance test for this project on 2x10 
wood-joist floors. In order for the Canadian Forest Service to get a better grasp on 
the nature and costs involved in fire endurance tests, it was arranged for one of 
their officials to observe the test. Following the test, representatives of CWC, 
NRC-NFL and Forintek reviewed the results of the first three fire tests on wood- 
joist floors and discussed design changes for the next floor to be tested.

November 28 and December 15, 1995, and January 10, 1996

February 1, 1996

Representatives of CWC, Westroc/ CGMA, The Gypsum Association (GA), NRC- 
NFL and Forintek assessed results of the fire tests on wood-joist floors and made 
further refinements in the designs of these floors for future tests.

Representatives of CWC, NRC-Acoustics, NRC-NFL and Forintek finalized design 
details for shear walls to be tested for acoustical performance.

During NRC's testing program on wood-frame walls, Forintek's scientists observed significant 
shortcomings in Appendix C l.4 Loading of Wood Assemblies of CAN/ULC-S101 Standard Methods of 
Fire Endurance Tests of Building Construction and Materials. Some of those deficiencies are described in 
the paper by Richardson and Onysko that was published in Fire and Materials. Subsequently, Forintek
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made a submission to the Underwriters' Laboratories of Canada (ULC) Fire Test Committee proposing 
establishment of a task group to update CAN/ULC-S101. The Fire Test Committee concurred and 
Forintek's L. Richardson was appointed to chair the Task-Group. At the September 19, 1995 meeting of 
ULC Task Group 35 on Fire Endurance Tests, revisions to the procedures in CAN/ULC-S101 for loading 
wood-frame walls were crafted. Those proposals were reviewed by the entire ULC Fire Test Committee on 
November 29, 1995, and will be subjected to letter ballot in 1996.

In August, 1995, Forintek’s Fire Centre moved into new offices in the Carleton Technology Training 
Centre on the campus of Carleton University. The move did not delay any work on this project.

At the request of the editors of Fire and Materials, a paper by M.A. Sultan entitled "The Effect of Furnace 
Parameters on Fire Severity in Standard Fire Resistance Test Methods" was reviewed. The paper 
described how furnace linings, furnace fuel and furnace dimensions affect the fire exposure endured by 
specimens in fire-endurance tests. Sultan's conclusions suggest that fire exposures in NRC's fire-test 
furnaces are quite severe. Therefore, the fire-resistance ratings being published in the NBCC as a result of 
this research program are quite conservative.

OSB panels used in construction of shear walls must conform to the requirements of CAN/CSA-0437 if 
CAN/CSA-086 Engineering Design in Wood is used to design those walls. However, most OSB 
manufactured in Canada is stamped as conforming to CAN/CSA-0325 rather than CAN/CSA-0437. To 
be certain that the OSB used for construction of the shear walls being tested in this project actually 
conformed to CAN/CSA-0437, Forintek's Composites Department evaluated six of those OSB panels and 
found them to be fully acceptable.

In partial fulfillment of Forintek's obligations under terms of the collaborative agreements described above, 
Forintek provided the following studs, joists, strapping, cross-bridging, OSB and CSP subfloor panels, and 
OSB and CSP shear panels to NRC for the construction assemblies being tested for acoustical performance 
and fire resistance.

Quantity Description Dimension

100 nominal 2x12 SPF S-DRY 
No. 1 and 2 (joists)

16'

635 nominal 2x10 SPF S-DRY 
No. 1 and 2 (joists)

16'

100 nominal 2x8 SPF S-DRY 
No. 1 and 2 (joists)

16’

56 nominal 2x4 SPF S-DRY 
No. 1 and 2 (studs)

16’

415 nominal 2x4 SPF S-DRY 
No. 1 and 2 (studs)

12’

100 nominal 2x4 SPF S-DRY 
No. 1 and 2 (studs)

10'

120 nominal 2x4 SPF S-DRY (studs) 8'
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Quantity Description Dimension

620 pieces nominal 2x2 cross bridging

nominal 1x3 strapping 640 linear feet

69 sheets 12.7-mm CSP sheathing grade (4 ' x8 ' )

45 sheets 12.7-mm OSB sheathing grade (4 ’ x8 ' )

402 sheets 15.9-mm T&G OSB sub flooring grade (4'x8')

135 sheets 15.9-mm T&G CSP subflooring grade (4'x8')

40 sheets 19-mm T&G OSB subflooring grade (4'x8')

30 sheets 25.4-mm CSP subflooring grade (4'x8')

Prior to their delivery to NRC, Forintek determined the moisture content, dimensions, mass, specific 
gravity, and stiffness (MOE) of each piece.

5.0 CONCLUSIONS AND RECOMMENDATIONS

This research project will be continued in 1996/97 and the agreements with NRC with respect to floors, 
shear walls and flanking implemented.

All work on the agreement with NRC for flanking transmission of sound and fire via fire-stops in multi
family dwellings is scheduled to be completed by June 30, 1996. The tests have highlighted the need to 
expand the scope of the research to include flanking transmission at other joints in multi-family dwellings. 
Therefore, Forintek will establish a follow-up agreement with NRC for additional work in this area. The 
agreement will be structured so that the majority of Forintek's financial contributions to NRC will not 
occur until April, 1998.

One of the most important accomplishments of this research program is that it has brought together the 
various aspects of building science (fire, structural engineering and sound) under one umbrella research 
program. In the past, researchers would investigate one aspect of building construction at a time, and all 
too frequently, the solutions that they derived to mitigate one problem would, unknowingly, exacerbate 
others.

This research program has also brought various material interests together to resolve building code issues. 
For the first time, representatives for the manufacturers of gypsum board, various insulation products, 
concrete, light-structural steel and wood products are working together. Buildings are not constructed with 
a single building material. It makes good economic sense for all of the material interests to work together 
in assessing the performance of buildings constructed with various combinations of their products.
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Fire-endurance Testing of Building Constructions 
Containing Wood Members

L. R. Richardson and D. M. Onysko
Building Systems Department, Forintek Canada Corp., 800 Montreal Road, Ottawa, Canada KIG 3Z5

In the latter part of 1992 the National Research Council of Canada (N R C ), in collaboration with a number of industry 
and governmental partners, commenced a research program to quantify sound-transmission-ciass and fire-resistance 
ratings for gypsum-board protected wood-frame and steel-frame building assemblies. The ‘partners’ include Forintek 
Canada Corp. acting on behalf of Canada’s wood products industry. Although thousands of fire-resistance tests have 
been carried out over the past century, many of which were on wood-frame constructions, three interrelated issues 
arose in regard to the wood studs used in these tests: moisture content, strength, and magnitude of the load 
superimposed on the walls that the studs would be required to withstand during the fire tests. This paper discusses those 
issues.

INTRODUCTION

The National Building Code of Canada 19901,2 (NBCC) 
provides architects, fire-protection engineers and build
ing officials with a simple cookbook method for esti
mating the fire-resistance ratings of generic wood-frame, 
steel-frame and concrete assemblies. Similarly, the build
ing code provides information about sound-transmission- 
class ratings (STC) of the generic construction assemblies 
traditionally used in Canadian housing and small buil
dings.

Much of the information concerning fire resistance of 
generic assemblies in the NBCC was originally published 
in association with the 1965 NBCC (Second Edition of 
Supplement No. 2, Fire Performance Ratings). While 
some of the information has been updated, much of it had 
not been revised since 1965.3-4 Therefore in 1992 the 
Canadian Commission for Building and Fire Codes 
(CCBFC) decided to delete all information relating to the 
fire resistance of generic assemblies from the 1995 NBCC 
that could not be supported by contemporary data. The 
logic for this decision was as follows:

•  Building materials and construction practices have 
changed substantially since 1965. Consequently, fire- 
resistance ratings for assemblies constructed with these 
materials or using modern practices have also changed.

•  Much of the test data on which the fire-resistance-ratings 
were based have been lost over the intervening years.

•  Specific procedures in the test methods used to quan
tify fire endurance of constructions have been im
proved substantially in the past 40 years. Consequen
tly, fire-resistance ratings obtained in the 1950s might 
not be confirmed now.

In addition, in 1991, the Canadian standard for 
gypsum board, CAN/CSA-A82.27 Gypsum Board5, was 
revised. One aspect of the revision involved removal of 
requirements for minimum density of gypsum board from 
the standard. While the changes harmonized the Cana
dian standard with its American counterparts, ancillary 
changes in the physical properties of gypsum board which 
result from reductions in board density created apprehen

sion among building officials that many of the per
formance properties traditionally afforded gypsum board 
could no longer be sustained. For example, based upon 
pure physics, a limited reduction in density of gypsum 
board should not significantly change the thermal per
formance of gypsum board (thermal conductivity and 
specific heat). However, those same reductions in density 
could degrade the board’s hardness, resistance to bending 
(stiffness), breaking (fracture) and puncture (nailhead 
pull-through) resistance and increase the amount of 
shrinkage in boards exposed to fire. Impairment of the 
mechanical performance of the gypsum board would 
compromise the composite performance of wood-frame 
assemblies protected by the lighter gypsum board. Thus, 
while the fire-resistance rating for a non-loadbearing 
wood-frame wall protected by a lower-density gypsum 
board might not change, the fire resistance rating of a 
loadbearing wall could be significantly diminished. In 
addition, because sound transmission across gypsum 
board is influenced by the density of the board, changes in 
CAN/CSA-A82.27 called into question the STC ratings in 
the NBCC.

Canadian architects, fire-protection engineers and 
building officials regard the information about fire-resist
ance and sound-transmission-class ratings for generic 
construction assemblies as an essential component of the 
building code. Therefore, in the latter part of 1992 the 
National Research Council of Canada (NRC), in collab
oration with industry and governmental partners, com
menced a research program to quantify sound-transmis- 
sion-class and fire-resistance ratings for gypsum-board 
protected wood-frame and steel-frame building assem
blies.6 The ‘partners’ include all the affected industries 
(gypsum board, glass-fibre, mineral-fibre and cellulose- 
fibre insulation, light-steel framing, and wood products). 
Forintek Canada Corp. is the representative for Canada’s 
wood products industry.

At this time, the first phase of the testing program, fire 
endurance and acoustical performance of gypsum-pro
tected interior walls (separations), is nearing completion. 
NRC scientists plan to publish the resuits of the fire- 
endurance and sound-transmission tests for those assem
blies later this year. However, even before the results of
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those tests become available, the research program has 
raised a number of troubling questions for the wood 
industry. They are questions that should be worrying for 
everyone involved in building construction, fire safety 
and fire testing.

OBSER V ATIONS/DtSCUSSIONS

The NBCC provides that where a material, assembly of 
materials or structural member is required to have a fire- 
resistance rating, the rating shall be determined on the 
basis of results of tests conducted in conformance with 
CAN/ULC-S101 Standard Methods of Fire Endurance 
Tests of Building Construction and Materials.7 That fire 
test standard is, in both philosophy and practice, very 
similar to ASTM E 119 Standard Test Method for Fire 
Tests of Building Construction and Materials.8 Although 
thousands of fire endurance tests have been carried out 
over the past century, many of which were on wood- 
frame constructions, a number of interrelated issues arose 
in regard to the wood studs used in these fire tests: 
moisture content, strength, and magnitude of the load 
superimposed on the walls that the studs would be 
required to withstand during the fire tests.

Grading is the sorting of lumber by visual or mechan
ical means according to strength, appearance and end 
use. The NGLA Standard Grading Rules for Canadian 
Lumber,9 published in accordance with the provisions of 
CAN/CSA Standard 0141-91 Softwood Lumber,10 estab
lish maximum permitted size of characteristics for each 
grade of lumber. The size and locations of knots and 
splits, slope of grain, wane, warp, stain and manufac
turing imperfections are some of the factors that are 
considered as each piece of lumber is graded.

Forintek obtained 480 wood studs for the fire end
urance tests. They were nominal two-by-fours (i.e. 38 
x 89 mm), 12 feet long (3.66 m), visually graded S -P -F  

No. 1 and No. 2 S-DRY. Although the S -P -F  (spruce- 
pine-fir) species grouping include all species of spruce 
(except Coastal Sitka spruce), Jack pine, Lodgepole pine, 
Balsam fir and Alpine fir, Forintek’s anatomist identified 
these studs as being black spruce, balsam fir and jack 
pine. The S-DRY marking indicated that the studs had 
been machined to size after the ‘green’ lumber had been 
dried to a moisture content of 19% or less.

CAN/CSA-086.1-M89 Engineering Design in Wood 
(Limit States Design)11 assigns visually-graded S -P -F  
No. 1 and No. 2 lumber the following specified strengths 
and modulus of elasticity for structural light framing in 
‘dry service conditions’:

MPa
Bending strength ( /b) 11.8
Shear strength ( /,)  1.0
Compression strength parallel to grain (/c) 11.5
Compression strength perpendicular 

to grain (/cp) 5.3
Tension strength parallel to grain (ct) 5.5
Modulus of elasticity (E) 9500
Modulus of elasticity for design 

of compression members (£05) 6500

Specified strengths ascribed to visually graded lumber in 
CAN/CSA-086.1 are generally based upon the fifth per
centile value of reliability-based test data for that species 
group and grade. Modulus of elasticity values used for 
calculating serviceability limit states such as deflection, 
are based upon mean values. The fifth percentile value, 
E0}, is used for column (stud) capacity calculations where 
failure of the member can be catastrophic.

Following their delivery to Forintek, the studs were 
conditioned in an ambient atmosphere of 65% relative 
humidity at 21 °C until their equilibrium moisture content 
(EMC) was 12-14%. In conditioning from the higher 
moisture levels, differential shrinkage of the wood led to 
some warping, bowing and twisting. For this study, 160 
studs which were relatively straight and, except to a 
minor degree, free of wane were selected (lumber grading 
rules permit a larger amount of wane than was provided 
for in this study). Forintek determined the stiffness 
(modulus of elasticity) of these studs using a Metriguard 
Model 340 E-Computer. The distribution of moduli of 
elasticity is depicted in Fig. 1.

The range and distribution of values for the moduli of 
elasticity of the studs depicted in Fig. 1 are representative 
of that species grouping and grade. Similar tests of the 
pieces that were rejected because of excessive warp, 
bowing, twist or wane demonstrated approximately the 
same range and distribution of stiffness values.

For loadbearing walls and partitions, both CAN/ 
ULC-S101 and ASTM E 119 specify that:

Throughout fire endurance tests, a superimposed load 
shall be applied to the specimen to simulate either a 
maximum load condition or a restricted load-use con
dition. The maximum load condition shall be as nearly 
as practicable the maximum design load allowed by 
structural design criteria.

The first issue we confronted in regard to the studs was 
the effect that the strength properties of the individual 
studs might have on the fire endurance of the walls. The 
strength values in CAN/CSA-086.1 are based upon 
material property studies and reliability-based design 
concepts allowing that strength and loads vary over time 
and place and that an acceptable level of service must be

Nominal 2x4 Studs -  12 ft 
SPF S-0RY No. 1 & No. 2

Figure 1. Modulus of elasticity of No. 1 and No. 2 SPF S-DRY 
studs.
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maintained to assure structural integrity over the life of 
the structure. However, fire is not one of the conditions 
taken into account by the standard. When a wall designed 
according to CAN/CSA-O86.I is exposed to fire, the 
wall’s ability to sustain its maximum design load is no 
longer covered by the standard. Nevertheless, logic sug
gests that a wall assembly constructed with the ten 
strongest studs should most likely exhibit better fire 
endurance than a similar wall constructed with the ten 
weakest ones. Similarly, a wall constructed with the 
strongest studs placed at those locations in each wall that 
are under the greatest stress should probably outperform 
a wall with the weakest studs at those locations. We were 
concerned that the fire-test data would not be accepted by 
code authorities if it was perceived that the studs for each 
wall had been selected on other than a purely random 
basis. On the other hand, a purely random selection of the 
studs for each wall created a random chance that one or 
more walls might not be representative of so-called 
‘average’ walls. While we chose to go with a random 
selection of the studs for the walls in these tests, we plan to 
carry out additional tests this year. In those tests, walls 
will be constructed with studs having moduli of elasticity 
greater than 13000 MPa and other walls with studs 
having moduli of elasticity below 8500 MPa.

Lumber grading rules permit a limited amount of wane 
in dimensional lumber. Because the wood just below the 
cambium layer in a tree is usually the strongest in the tree, 
grading limitations on wane are generally based upon 
requirements of fabrication and the need for ample 
bearing surfaces and not on strength. However, wane 
must be considered when selecting studs for fire-end
urance tests. Loadbearing wood-frame walls almost al
ways fail fire-endurance tests because of the buckling of 
studs in the direction of the ambient side of the wall.

The critical load for buckling of a stud is depicted by 
the following equation:

c2n2EI

where Pc =  critical load before buckling of stud
£  =  MOE
/  =  Moment of inertia 

and the moment of inertia by:

where b =  thickness (breadth) 
d =  width (depth) 
l =  length

Because the breadth factor is cubed (d3), once the studs 
in a wall begin to char, the loss in cross-sectional area will 
play a much more important role in the stud’s resistance 
to buckling than the initial strength of the stud (MOE) 
and any reduction in strength resulting from heating 
wood to near-charring temperatures. To assure that 
losses in cross-sectional size due to charring are con
sistent during fire-endurance tests, the amount of wane 
must be consistent. As previously noted, the studs selec
ted for our tests were free of wane.

Both CAN/ULC-S101 and ASTM E 119 require the 
constructions to be conditioned so as to provide a

moisture condition representative of that likely to exist in 
buildings. Both standards consider that condition to be 
the equilibrium resulting from drying in an ambient 
atmosphere of 50% relative humidity at 23°C. The equi
librium moisture content (EMC) of wood dried under 
these conditions is approximately 9.3%. However, sur
veys of Canadian housing have shown that the EMC of S- 
DRY S -P -F  lumber in newly constructed buildings can 
be more than 20% .12 In the middle of winter the EMC of 
lumber in older homes can be as low as 4%. Engineering 
properties of wood historically have been measured using 
specimens conditions to an EMC of 12% (65% relative 
humidity and 21°C). The ‘dry service conditions’ in 
CAN/CSA-086.1 for specified strengths and modulus of 
elasticity of lumber refer to wood having an EMC of 19% 
or less. Blending these diverse requirements for moisture 
content of wood-framing members into a single, realistic 
moisture value for the studs used in these tests was the 
second issue which had to be resolved.

Many people simply assume that when the moisture 
content of the studs is higher, additional heat will be 
required to drive that water from the walls and the fire 
endurance of the walls will be increased. In reality, the 
importance of this consideration is so small as to be 
almost irrelevant. Heat transfer models show that times 
to insulative failure in ASTM E 119 tests for non
loadbearing wood-frame walls constructed with studs 
having 19%, 12% and 9% moisture content and covered 
with 15.9 mm Type-X gypsum board are 65, 63.5 and 63 
minutes, respectively.

The primary reason we were very concerned about the 
moisture content of the studs is that strength properties of 
wood are affected by their EMC. The strength properties 
of clear wood specimens at room temperature increase by 
about 12% when EMC is lowered from 19% to 12%. It is 
increased by an additional 2.5% when the EMC is 
lowered from 12% to 9% .13 Furthermore, strength re
ductions in wood at high temperatures and elevated 
moisture content levels are even more significant because 
of ‘plasticization’ of the wood (steam treatment is used in 
the commercial manufacturing of moulded wood pro
ducts). Since structural collapse is the predominate mode 
of failure in ASTM E 119 tests of loadbearing wood- 
frame walls, the reductions in strength of the studs due to 
increased moisture content of the wood plays a much 
more important role in determining the fire endurance of 
loadbearing wood-frame walls than the amount of fur
nace heat required to drive that water from the wall. 
Therefore, because engineering properties of wood are 
measured using specimens having an EMC of 12%, the 
studs used in these tests were conditioned to EMC in an 
ambient atmosphere of 65% relative humidity at 21°C. 
Further drying of the wood during construction of the 
walls reduced the EMC of the studs to 10-12%.

The third issue involving the wood studs was the 
magnitude of the load to be imposed upon the walls 
during the fire tests. ASTM E 119 provides no guidance 
on how to determine the size of the load to be imposed on 
loadbearing walls. In 1990, the requirements for design of 
wood buildings in the NBCC were changed from a 
‘working stress design’ approach to that of ‘limit states 
design’. Appendix C1.4 of CAN/ULC-S101 provides gui
dance as to the design procedures to follow in developing 
a maximum load condition for wood assemblies. How
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ever, those procedures do not reflect the changed design 
approach taken by the NBCC and CAN/CSA-086.1.

Engineers at the Canadian Wood Council14 (CWC) 
calculated the maximum allowable design load per stud 
for these walls based upon the typical ‘dead-to-live’ load 
ratio for low-rise residential wood-frame construction of 
l-to-4 (this is the same ‘dead-to-live’ load ratio specified 
in CAN/ULC-S101) and the following principles:

Test load =  WL + WD
where WL and IVD are the specified live load and dead 
load, respectively.

In limit states design, Pr =  <xL*\VL+ x D*1VD 
where PT is the factored compressive resistance parallel 

to the grain,
atL is the live load factor, and 
aD is the dead load factor.

Assume WD/W L =  0.25.
The load factors for strength limit states are: 

xD= 1.25 (CAN/CSA-086.1) 
aL=  1.50 (CAN/CSA-086.1)

Therefore 0.69Pr =  WL+ WD

Pr =  0 * F * A * K zc*Kc (CAN/CSA-086.1) 
where 0  is resistance factor =  0.8 
Fc is derived from the specified strength in compression 
parallel to the grain, and load duration, system per
formance, service condition and treatment factors 

A is cross-sectional area 
K :c is size factor for compression 
K c is slenderness factor.

Thus, for dry service conditions and studs with the 
following characteristics:

thickness. 5 =  38 mm 
width, d — 89 mm
length, / =  2934 mm (assembly height of 10 ft minus the 

thickness of three wall plates)
Eos =  6500 MPa 

/ c=  11.5 MPa

P r= 12180 N

WL+ B'D =  0.69Fr =  8448 N (1899 lb) per stud

The 1991 edition of the National Design Specification for 
Wood Construction15 (NDS) is the design standard 
referenced by all three model codes in the United States. 
For comparative purposes, the CWC engineers deter
mined that if the working stress design approach in the 
NDS standard were used to determine the maximum 
allowable design load per stud, it would be 8274 N  
(1860 lb). In arriving at this number, they determined that 
for this test assembly:

The column stability factor, Cp, is 0.28 when F*c, the 
tabulated compression design value, multiplied by all 
applicable adjustment factors except Cp, is 1265 psi; 
and the allowable compressive stress parallel to the 
grain,/c, is 354.2 psi.

When conducting tests on loadbearing wall assemblies, 
many fire test facilities simply multiply the value of the 
maximum design load per stud by the number of studs in 
the wall to determine the total load to be applied to the 
assembly. However, this approach fails to take into 
account several important factors.

First, in calculating the maximum design load per stud) 
which is based upon the strength of the stud, the value 
that is arrived at is allowed to be used for any stud wall 
containing at least three studs and having a stud spacing 
up to 600 mm (24 in.) o.c. At this maximum stud spacing 
of 24 in, which is considered the tributary area for each 
stud, this equates to a tributary load per foot equal to the 
maximum design load divided by two. If the studs are 
spaced closer together, the tributary load per foot has to 
increase proportionally to maintain the same theoretical 
load on the stud, as the strength of the stud is the same in 
both cases. Consequently, the maximum design load per 
lineal foot for walls having studs at 16 in. o.c. will be 50% 
greater than with studs at 24 in. o.c. Second, the design of 
the test apparatus used to impose the loads upon the test 
specimens has a significant impact on how the total loads 
are distributed onto the assembly. In the case of the NRC 
test furnace, the loads are applied through a series of 
eight, evenly spaced hydraulic jacks sitting on top of a 
rigid steel beam which extends across the full width of the 
test assembly. Loads are distributed evenly across the 
entire length of this beam. However, assumptions that the 
loading apparatus transfers equal loads to each of the 
studs are incorrect. Assuming that the test specimen 
exemplifies a ‘whole ’ wall, it is the load on the tributary 
area that is transferred to the supporting stud. Because 
the exterior studs support only one-half of a ‘stud
spacing’ as their tributary area, they are expected to carry 
only 50% of the amount of the load of the interior studs. 
However, if one assumes that the test specimen represents 
just one part of a longer wall, one must also assume that 
the load is transferred equally to all studs, including the 
end studs. For the NRC test furnace, structural design 
analysis indicated that the appropriate way to calculate 
the maximum design load for each test was to multiply 
the load per stud (8448 N) by the number of stud-spaces in 
the wall. When these factors were considered, it was 
concluded that for studs at 24 in. o.c., the total load 
imposed on the wall assemblies should be 11 394 lb. For 
studs at 16 in. o.c., the total imposed load should be 
17091 lb.

Finally, since the loading apparatus (steel beam and 
hydraulic jacks) sits on top of the test walls in the NRC 
furnace, the 1123 lb weight of that equipment had to be 
included in calculations of the dead-load portion of the 
total load. In addition, the dead load portion also had to 
include the weight of the wall plates, studs and gypsum 
wallboard in the assembly (the weights of resilient chan
nels and insulation were assumed to be insignificant and 
were ignored). For a wall with studs 16 in. o.c. and one 
layer of 15.9 mm Type X gypsum board on each side, this 
portion of the dead load is 693 lb.

CO NCLUSIO NS

As noted earlier, because design standards must assure 
structural integrity of structures, some of the strength 
values ascribed to visually graded lumber are based upon 
the fifth percentile value of reliability-based test data. 
However, as was illustrated, individual pieces of lumber 
may be two to three times stronger than the assigned
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value for that species grouping and grade. Therefore, both 
CAN/ULC-S101 and ASTM E 119 should provide gui
dance on this issue. At the minimum, both fire standards 
should require measurement and reporting of the 
strength properties of the structural elements in load- 
bearing assemblies being tested.

CAN/ULC-S101 and ASTM E 119 test methods rep
resent ideal situations. Therefore, it is not unreasonable 
to require the moisture content of wood structural mem
bers in assemblies to be relatively low. However, moisture 
content levels below 12% are not representative of the 
wood in buildings over the life of most structures and are 
not reasonable for these tests.

Conversely, moisture content levels greater than 19% 
should not be permitted since the strength values ascribed 
to lumber by the design standards are based upon ‘dry 
service conditions’.

The change from a ‘working stress design’ approach to 
that o f ‘limit states design’ will have to result in changes to 
the CAN/ULC-S101 standard. Both CAN/ULC-S101 
and ASTM E 119 should include more information about 
design standards to be used in calculating loads for

loadbearing assemblies. The issue of whether it is appro
priate to assume a ‘dead-to-live’ load ratio of l-to-4 when 
determining loads for wood-frame walls being evaluated 
for fire resistance must be resolved. In this case, if the 
‘dead-to-live’ load ratio was l-to-1 (the dead-to-live load 
ratio for walls in some four-storey residential buildings 
with thin concrete slabs on the floors), the total load per 
stud would be 1999 lb, a 5j%  increase. Engineers re
sponsible for calculating the loads to be applied to 
loadbearing wall assemblies during fire resistance tests 
must consider all aspects of the design standards includ
ing such features as ‘tributary areas’ for wood-frame 
wails. In doing so, they must resolve the issue of whether 
wood-frame wall assemblies exemplify an entire wall or a 
portion of a larger wall since this question affects the load 
that the two outside studs are expected to carry.

Finally, every fire-test furnace is unique, in terms of its 
specific design. The particular characteristics of how its 
design affects loading of assemblies must be fully under
stood and taken into account when calculating loads to 
be imposed on loadbearing assemblies.
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A collaborative industry-government research program was carried out at the National Research Council Canada 
(N R C ) to develop new sound-transmission-class and fire-resistance ratings for gypsum-board protected walls. 
Forintek Canada Corp. and the Canadian Wood Council participated in the program on behalf of Canada’s wood 
industry. As a result of that N R C  research program, sound-transmission-class (STC) and fire-resistance (F R ) ratings 
were formulated for approximately 140 gypsum-protected wood-frame walls. Fire-resistance ratings for the walls 
range from 30 minutes to 2 hours. Sound-transmission-class ratings range from 30 to 65. Sound-transmission-class 
and fire-resistance ratings for approximately 90 of the wall designs appear in the 1995 edition of the National Building 
Code of Canada (N B C C ). This paper highlights some of those STC and FR ratings and describes how they were 
derived from the data obtained through the research program.

INTRODUCTION

The National Building Code of Canada 19901 (NBCC) 
provides architects, fire-protection engineers and build
ing officials with information about the sound-transmis- 
sion-class (STC) and fire-resistance (FR) ratings for some 
of the simple construction assemblies traditionally used 
in Canadian housing and small buildings. In 1991, the 
Canadian standard for gypsum board, CAN/CSA- 
A82.27 Gypsum Board,2 was revised. One aspect of the 
revision involved removal of the requirements for min
imum density of gypsum board from the standard. The 
revisions harmonized the Canadian standard with its 
American counterpart, ASTM C 36 Standard Specifica
tion for Gypsum Wallboard.3 However, changes in the 
physical properties of gypsum board which result from 
reductions in board density caused building officials 
to fear that many of the performance properties tradi
tionally afforded gypsum board could no longer be 
sustained.4 Therefore, the National Research Council 
Canada (NRC), in collaboration with industry and gov
ernmental partners, carried out a research program to 
measure the STC and FR ratings for gypsum-board 
protected wood-frame and steel-frame walls. The indus
try partners included all the affected industries (manufac
turers of gypsum board, cellulose-fibre, glass-fibre and 
mineral-fibre insulation, light-steel framing and wood 
products). Canada Mortgage and Housing Corporation 
(CMHC), Canadian Home Builders Association and 
N R C s Canadian Code Centre were also partners in the 
project. Forintek Canada Corp. and the Canadian Wood 
Council participated in the research program on behalf 
of Canada’s wood industry. Data from the research pro
gram permitted the Canadian Commission for Building 
and Fire Code (CCBFC) to include STC and FR ratings 
in the 1995 edition of the NBCC for approximately 90
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different designs for wood-frame walls protected by gyp
sum board. FR ratings for those walls range from 30 
minutes to 2 hours. STC ratings range from 30 to 65. This 
paper highlights some of those STC and FR ratings and 
describes how they were derived from data obtained 
through the research program.

Acoustical measurements were made on 168 wood-frame 
and 117 steel-frame walls in accordance with ASTM E 90 
Standard Method for Laboratory Measurement of Air
borne Sound Transmission Loss of Building Partitions.5 
Sound-Transmission-Class was determined in accord
ance with ASTM E 413 Standard Classification for De
termination of Sound Transmission Class.6

ASTM E 413 provides a method of calculating single
number acoustical ratings based upon one-third octave 
band sound transmission losses. Ratings correlate, in 
a general way, with subjective impressions of sound 
transmission for speech, radio, television, and similar 
sources of noise in buildings. They do not correlate with 
noise from industry machinery, musical instruments and 
transportation vehicles.

Fire-endurance tests were carried out on fourteen 
wood-frame and eight steel-frame wall assemblies in ac
cordance with CAN/ULC-S101-M89 Standard Meth
ods of Fire Endurance Tests of Building Construction 
and Materials.7 That test method is, in both philosophy 
and practice, similar to ASTM E 119 Standard Test 
Method for Fire Tests of Building Construction and 
Materials.8 Thirteen of the wood-frame walls were load- 
bearing assemblies. All the steel frame walls and one of 
the wood-frame walls were non-loadbearing assemblies.
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In addition, small-scale fire-endurunce tests were carried 
ow on 16 wood frame and 32 steel-fiame small-scale 
(I m square) assemblies using a propane-lired, vertical 
furnace with an SK) mm by 810 mm opening, Furnace 
temperatures in the small-scale tests followed, as closely 
as possible, die CAN/ULC-SI01 standard time-temper
ature curve. None of the small-scale assemblies were 
loadhenring.

All materials used in construction of the assemblies 
(gypsum board, insulation, studs, fasteners, etc. (con
formed to applicable Canadian nmtetial/product stan
dards.

Methods ol attachment of the gypsum board to each 
assembly (fastener size and spacing, resilient channels, etc.) 
conformed to the minimum specifications in the NBCC 
and CAN/CSA A8.131 Gypsum Hoard Application.’

RESULTS A NX) DISCUSSION

Results for the sound-transmission and fire endurance 
tests are available from NRC'°-U and will not be repeat
ed here. All the wall designs in the 1995 NBCC are 
described genetically. Consequently. STC and FR ratings 
are independent of the type of absorptive material in the 
wall-cavities. Specific acoustical tests may have shown 
small différences between walls having glass-fibre insula
tion, mineral-fibre insulation and cellulose-fibre insula
tion; nevertheless, the published STC ratings Tor those 
walls are the most conservative of the results for the three 
absorptive materials.

Because each assembly conformed to the minimum 
construction requirements in the NBCC and CAN./ 
CSA-A82.3I. STC and FR ratings for designs listed in the 
1995 edition of the NBCC are conservative. The STC or 
FR rating for a specific wall design could be somewhat 
better because of minor variations in construction details 
and materials.

Depending upon building size; construction and usage, 
the NBCC may require construction assemblies to have 
FR ratings of 45 minutes, l hour, 1.5 hour or greater. 
Similarly, the code may require assemblies to have STC 

50 or s5. Provincial ministries of housing and 
CMHC require some assemblies to have STC ratings of 
60 or greater.

Because acoustical measurements were made on 
■V^se number 0f wails. STC ratings in the 1995 edition 
of the NBCC are quite specific. Conversely, because of 
the limited number of full-scale fire tests that were carried 
out, FR ratings were defined in relation to the code's 
prescriptive numbers (the FR ratings for wood-frame 
walls were based exclusively upon results of full-scale 
tests).

Theoretically, the STC rating of a non-loadbearing 
wall should be slightly higher than that of a loadbearing 
wall. However, the NRC testing program did not exam
ine this aspect Therefore, for wails listed in the 1995 
edition of the NBCC, it has been assumed that the STC 
ratings for loadbearing and nondoadbearing wails are 
the same.

During fire tests on loadbearing walls, the walls were 
loaded to the maximum allowable design load per stud,

as determined in accordance with CAN/CSA-086.I-M89 
Engineering Design in Wood (Limit States Design).u  
While the total load on walls with stud spacing 600 mm 
o.c. was 33% (ess than the load on walls with stud 
spacing 400 mm o.c., the total loud applied to each stud 
in walls with stud spacing 600 mm o.c. was exactly the 
same as that for walls with stud spacim» 400 mm o c 
Moreover, the NBCC requires fastener spacing for gyp
sum board on walls with stud spacing 600 mm o c to be 
reduced from 400 mm o.c. to 300 mm o.c. Since loadbear
ing Wood-flame walls usually fail fire-endurance tests due 
to structural deterioration (buckling) it could be assumed 
that the FR rating for walls with stud spacing 600 mm 
o.c. would not be less than that for walls with stud 
spacing 400 mm o.c.

Simiiutly, it could be assumed that the FR ratings for 
walls constructed with nominal two-by-six (38 < 140 mm) 
Wood studs and luaded to their maximum design load 
would he similar to those for walls constructed with 
two-by-four (3!) x 89 nun) studs.

Although it is not explicitly stated. CAN CSA-086.1 is 
interpreted to require that stud walls be lined on only one 
edge with gypsum board for resistance to buckling about 
the weak axis. Therefore, the above argument also ap
plied to walls with two rows of studs staggered on 
o single plate or two separate rows of studs on two 
parallel plates. For example, the FR rating for a load- 
bearing, staggered-stud wall could be assumed to be the 
same as that for a loadbearing wall having a single row of 
studs, if (he gypsum hoard, method of attachment of the 
gypsum board, and absorptive material in the cavity were 
the same fut both walls. The lire tests tended to confirm 
these assumpiions.

Tlie tests demonstrated that FR ratings for non-load
bearing wood-stud walls should not be less than those for 
non-loadbenring steel-stud walls of similar construction. 
For example, the lire endurance of a non-loadbearing 
steel-stud wall finished with two layers of eypsum board 
on each side was 63 minutes. The fire endurance of an 
identical wood-stud wall was 65 minutes.

The tests demonstrated that the fire endurance of 
a luadbcaring wood-stud wall is approximately 10 min
utes less than that for a non-loadbearing wall of similar 
construction. The fire endurance of a loadbearing wood- 
stud wall identical to the non-londbearing wall described 
above was 53 minutes.

Not surprisingly, the tests demonstrated that STC 
ratings for wood-frame walls with no absorptive material 
in the cavity are significantly lower than those for similar 
walls with 89 mm of absorptive material in the cavity;
4 to 10 (mean 7). The tests also showed that FR ratings 
for both loadbearing and non-loadbearing wood-frame 
walls with absorptive material filling the wall cavities will 
not be less, and may be slightly greater, than the FR 
ratings for wails with no absorptive material in the cav
ity.̂

1*R ratings for non-loadhearing walls were signifi
cantly reduced when the width of the absorptive material 
in the stud cavity was slightly less than the width of the 
cavity. Conversely, tests demonstrated that FR ratings 
for non-loadbearing walls will be significantly greater 
when the absorptive material filling the wall cavity is 
extra-wide, batt-type mineral-fibre insulation with a den
sity of not less than 42-44 k gm ~ \
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l he tests demonstrated that increasing the stud spac
ing from dOO turn 10 600 min o.c. in a single-row wood- 
stud wall will increase the STC rating for the wall hy 
a small but significant amount: 0 to 5 (mean 2). They also 
showed that when a single layer of gypsum board is 
attached to the studs using resilient metal channels on 
one side of a wall and a single layer of gypsum board is 
fastened directly to the studs on the other side of the wall, 
the SIC  rating Tor the wall will be significantly higher 
than that of a wall constructed with the gypsum board on 
both sitles of the wall fastened directly to the studs- 9 to 
16 (mean 12). For example, when two layers of gypsum 
board are fastened to one side of a wall using resilient 
channels and two layers of gypsum board are fastened 
directly to the studs on the other side of the wall, (he STC 
rating lor the wall was approximately ( 5 higher than that 
lor a similar wall with the gypsum board on both sides of 
ine wall fastened directly to the studs.

The tests demonstrated that increasing the spacing 
between resilient channels from 400-mnt to 600-mm o.c. 
would increase the STC rating of a wood-frame wall by 
a small but significant amount: 0 to 4 (mean 2). The 
increased STC ratings which result from increasine the 
spacing between the resilient channels from 400 to 
600 mm o.c. on walls with stud spacing 600 mm o.c. were 
less than that for wails with stud spacing 400mm o.c. The 
aTC. rating for a wag with the gypsum board on one side 
of the wall lustened to the studs using resilient channels 
and the gypsum board on the other side of the wail 
tastened directly to tile studs is independent of the side of 
thewall that the resilient channels are located.

When a single layer of gypsum board, is installed on 
wails using resilient channels, there can be unbacked 
joints between adjacent sheets of wajlboard and a series
!mnl3'5 ?un deeP horizontal spaces 400 to
ouo mm high created between the absorptive material or 
stud and the wallboard. These spaces extend along the 
full width of the wall. This hastens ignition of the edges of 
wood studs in the wall and the spread of heat and tire 
across the full width of the wall. In this study, the lire 
endurance of a wall covered with a single layer of Type 
X gypsum boaid attached to the studs using resilient 
channels on the •fire-exposed' side of the wall was ap- 
proximately 5 minutes less than that for a similar wall 
with the gypsum board fastened directly to the studs and 
installed so that all edges were supported..

When multiple layers of gypsum board are attached to 
a wall, it is common practice to stagger the joints in each 
ayer so that there arc no unbacked joints in the wall- 
oard. Consequently, there is no reduction in the fire 

endurance of walls when multiple layers of gypsum board 
are attached to the studs on one side of the wall using 
resilient channels.

Not surprisingly, the tests demonstrated that the STC 
ratmgs for double-stud walls (two separate rows of studs 
along two parallel plates) and staggered-stud walls (two 
rows of studs staggered along a single plate) were signifi
cantly higher than those for single-row wood-stud walls. ' 
For example, the STC rating for a double-stud wood- 
frame wall with one layer of 117 mm Type X gypsum 
board on each side was about 20 higher than that for 
a similar single-row wood-stud wall. The STC rating far 
a staggered-stud wood-frame wall was about 15 higher 
than that for a single-row wood-stud wall.

The sound tests showed that STC ratings for walls 
with batt-type glass-fibre or mineral fibre insulation fill, 
iilg tiie stud cavities could be I to 5 (mean 2) higher than 
those for similar walls filled with cellulose insulation. 
Iliey also indicated that STC ratings for walls with 
batt-type glass-fibre insulation filling the stud cavities 
could be 0 to 2. (mean > l) higher than those for similar 
wails with batt-type mineral-fibre insulation.

As previously noted. STC ratines in die 1995 NBCC 
are quite conservative. Tests showed that when lire cavi
ties in some walls are filled will! batt type glass-fibre or 
mineral fibre insulation, the walls can exhibit STC rat
ings ot 50 or 55 even though the STC ratings for walls 
with die generic (undefined) absorptive materials listed in 
the 1995 edition of the NBCC were | or 2 less than those 
presciipiive-munhers.

The rire endurance of a loadhearing wall with two 
ayeis of 12. / mm (non-lire rated) gypsum board with 

a mass per unit surface area of 7.82 kgm ' 5 (615 kgm ' J) 
fastened directly to tile studs was 53 minutes. Hie fire 
endurance of a similar wall constructed with cypsum 

lav,,ng a mass Per ,,nit area of 7.35 kgm ~2 
579 kgm ’ J) was 49 minutes. This is a 5,8»/. reduction in 

board density and a 7.5% reduction in fire endurance. An 
analysis of additional thermocouple1* data collected 
during these tests indicated that the average time to 
commencement of charring of the studs in the two walls 
was 5.3% lower when the walls were protected by the 
lower-density gypsum board. Forintek has developed 
computer models which predict heat transfer across 
wood-frame walls protected with gypsum-board.15 The 
models suggest that the time to commencement of char
ring of the wood studs in these two walls will be 3 9% 
lower wlten the density of the gypsum board protecting 
the^walls is reduced from 615 kgm'-' to 579 kgm"J.

CAN/CSA-À82.27 requires Type X fire resistant gyp
sum board provide the following minimum fire resistance 
rating:

One hour lor a 15.9 mm thickness applied to a parti
tion in a single layer application on each side of n o n -  
Ioadbearing galvanized steel studs ... attached using 
25 mm long drywall screws spaced 200 mm o.c. alone 
edges and ends ...

In this study, it was found that the fire endurance of 
a non-loadbearing steel-stud wall with one layer of 
15.9 mm Type X gypsum board on each side was 52 min
utes. However, the methods of attachment of the gypsum 
board to the assembly (fastener sire and spacing) con
formed to the minimum specifications in the NBCC. The 
NBCC permits gypsum board to be attached using 
drywall screws spaced 300 o.c, along the edges and ends.

The component additive method1* for estimating fire- 
resistance ratings of assemblies assigns 12.7 mm Type X 
gypsum board on the fire-exposed side of a wail a time 
rating of 25 minutes: In this study, it was found that the 
fire endurance of a loadbearing wall finished with two 
layers of 12,7 mm Type X gypsum board on each side 
was 79 minutes. The fire endurance of a similar wall 
finished with one layer of 12.7 mm Type X gypsum board 
on the Tire’ side and two layeis of the gypsum board on 
the opposite side was 51 minutes, a difference of 28 min
utes.
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The STC ratings for double-stud wood-frame walls 
(two rows of studs on separate plates) finished with 
15.9 mm Type X gypsum board on each face and having 
19 mm 'fibreboard’ (a light, low-density, 'soft' material) 
or 15.9 mm Type X gypsum board (a heavy, high-density, 
'hard' material) fastened to the back (interior-side) of one 
of the two rows of studs and with absorptive material 
filling both rows of stud cavities were 54 and 55 respec
tively. Therefore, it could be assumed that the STC rating 
for walls of similar construction but with plywood or 
strandboard (OSB) attached to the back-side of one of

the two rows of studs would also be 54 55. This type 
of construction is commonly used for shear walls in 
seismically active regions and in areas with severe wind 
loads.

Figures 1 and 2 summarize some of the STC and FR 
ratings for wood-frame walls that were derived from this 
testing program. As previously noted, the STC ratings for 
asymmetrical walls are independent of the side of the wall 
subjected to sound vibrations. However, the FR ratings 
for asymmetrical assemblies are based upon test results 
for that side of each wall with the least fire endurance.

Figure 1. Loadbearing or non-loadbearing wood-frame wall, 
single row of studs spaced 400 mm or 600 mm o.c„ with or 
without 89 mm thick absorptive material, and gypsum board
fastened directly to the studs.

Finish on 
each side

FR rating 
loadbearing

FR rating 
non-ioadbearing Typical STC

2 x  15.9 mm Type X 
gypsum board on each side

1.5 h 2 h 38 <36)a

2 x 12.7 mm Type X 
gypsum board on each side

1 h 1.5 h 38(35)

1 x 15.9 mm Type X 
gypsum board on each side

1 h 1 h 36 (32)

2 x 12.7 mm reg. 
gypsum board on each side

45 min 1 h 36(34)

1 x 12.7 mm TypeX  
gypsum board on each side

45 min/1 hb 45 min/1 hb 34(32)

1 x 12.7 mm reg. 
gypsum board on each side

30 min 30min/45 minb 32 (32)

*STC values in parentheses are for walls that do not contain any absorptive material.
bThe absorptive material required for enhanced FR ratings is mineral-fibre insulation with a mass of at least 2.8 kg m ~2 for 89 mm 
thickness.

Three of the designs in Fig. 1 illustrate the enhanced 
FR ratings that can be obtained for some non-loadbear
ing walls when mineral fibre insulation is used as the 
absorptive material.

FR ratings for walls with one layer of gypsum board 
on one side of the wall and two layers on the other were 
similar to the FR ratings for walls with one layer of

gypsum board on each side. STC ratings for those walls 
were substantially less than any of the code’s prescriptive 
numbers (Fig. 2).

The two designs described above illustrate enhanced 
STC values that can be obtained for some walls when the 
resilient channels are spaced 600 mm o.c. rather than 
400 mm o.c.
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Figure 2. Loadbearing or non-loadbearing wood-frame wall, 
single row of studs, with 89 mm thick absorptive material, and 
gypsum board on one side fastened to the studs using resilient 
metal furring channels.

Finish on FR rating FR rating
each sida loadbearing non-loadbearing Typical STC

Studs 400 mm or 600 mm o.c.
2 x 15.9 mm Type X gypsum board with resilient 
channels spaced 400 mm o.c. on one side and 
2 x  15.9 mm Type X gypsum board on the other

1.5 h 2 h 55(47)

2 x 15.9 mm Type X gypsum board with resilient 
channels spaced 600 mm o.c. on one side and 
2 x 15.9 mm Type X gypsum board on the other

1.5 h 2 h 58(47)

Finish on 
each side

Studs 400 mm o.c.
2 x 12.7 mm Type X gypsum board with resilient 
channels spaced 400 mm or 600 mm o.c. on one side 
and 1 x 12.7 mm Type X gypsum board on the other

Studs 600 mm o.c.
1 x 12.7 mm Type X gypsum board with resilient 
channels spaced 400 mm or 600 mm o.c. on one side 
and 2 x 12.7 mm Type X gypsum board on the other

FR rating 
loadbearing

FR rating 
non-loadbearing Typical STC

1 h 1 h 49

45 h 1 h 49

The two designs described above illustrate the reduced FR ratings that result from the installation of a single layer of 
gypsum board on walls using resilient channels and unsupported edges.
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Finish on 
each side

Studs 400 mm o.c.
2 x 12.7 mm Type X gypsum board with resilient 
channels spaced 400 mm on one side and 2 x 12.7 mm 
Type X gypsum board on the other

FR rating 
loadbearing

1 h

FR rating 
non-loadbearing

1.5 h

Typical STC

5 3

2 x  12.7 mm Type X gypsum board with resilient 
channels spaced 600 mm o.c. on one side and 
2 x  12.7 mm Type X gypsum board on the other

1 h 1.5 h 5 5

Studs 600 mm o.c.
2 x  12.7 mm Type X gypsum board with resilient 
channels spaced 400 mm o.c. on one side and 
2 x  12.7 mm Type X gypsum board on the other

1 h 1.5 h 55

2 x  12.7 mm Type X gypsum board with resilient 
channels spaced 600 mm o.c. on one side and 
2 x  12.7 mm Type X gypsum board on the other

1 h 1.5 h 5 8

The four designs above illustrate the enhanced STC values that can be obtained when both the studs and resilient 
channels are spaced 600 mm o.c. rather than 4 0 0  mm o.c.

Finish on 
each side

2 x  12.7 mm Type X  gypsum board with resilient 
channels spaced 400 mm or 600 mm o.c. on one side 
and 1 x  12.7 mm Type X gypsum board on the other

FR rating 
loadbeanng

45 min/1 h

FR rating 
non-loadbearing

1 h

Typical STC 

4 9 / 5 0 “

'T h e  absorptive material required for enhanced STC ratings is 90 mm batt-type glass-fibre insulation.

The above design illustrates that when the cavities in some walls are filled with glass-fibre insulation, the wall will 
conform to some of the prescriptive numbers specified by building codes.

The following summarizes STC and FR ratings for four other wood-frame walls with the gypsum board on one side of 
the wall fastened to the studs using resilient channels.

Finish on 
each sida

Studs 600 mm o.c.
2 x 12.7 mm Type X  gypsum board with resilient 
channels spaced 400 mm or 600 mm o.c. on one side 
and 1 x 12.7 mm Type X gypsum board on the other

FR rating 
loadbeanng

45 min/1 h

FR rating 
non-loadbearing

1 h

Typical STC

53

Studs 400 mm o.c.
1 x 12.7 mm Type X gypsum board with resilient 
channels spaced 400 mm or 600 mm o.c. on one side 
and 2 x 12.7 mm Type X gypsum board on the other

45 min 1 h 49/50“

1 x 15.9 mm Type X  gypsum board with resilient 
channels spaced 400 mm or 600 mm o.c. on one side 
and 1 x 15.9 mm Type X gypsum board on the other

45 min 1 h 45

Studs 400 mm o.c. or 600 mm o.c.
1 x 12.7 mm Type X  gypsum board with resilient 
channels spaced 400 mm or 600 mm o.c. on one side 
and 1 x 12.7 mm Type X gypsum board on the other

45 min 45 min 43

“The absorptive material required for enhanced STC ratings is 90 mm batt-type glass-fibre insulation.

Figures 3 and 4 summarize some of the STC and FR ratings for staggered-stud and double-stud walls that were 
derived from this testing program.
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Figure 3. Loadbearing or non-loadbearing wood-frame wall, 
two rows of 38 x 89 mm studs 400 mm or 600 mm o.c. staggered 
along a 38 mm x 140 mm plate, with absorptive material filling 
the cavity.

Finish on 
each side

2 x 15.9 mm Type X gypsum board on each side 

2 x 12.7 mm Type X gypsum board on each side

2 x 15.9 mm Type X gypsum board on one side and
1 x 15.9 mm Type X typsum board on the other

2 x 12.7 mm reg. gypsum board on each side

2 x 12.7 mm TypeX gypsum board on one side and 
1 x 12.7 mm Type X gypsum board on the other

FR rating 
loadbearing

FR rating 
non-loadbearing Typical STC

1.5 h 2 h 56(48)

1 h 1.5 h 55

1 h 1.5 h 52

45 min 1 h 53

45 h 1 h 50

CONCLUSIONS

A collaborative industry-government research program 
has resulted in the development of new sound-transmis
sion-class and fire-resistance ratings for gypsum-board 
protected walls: ratings which reflect the performance of 
assemblies constructed with contemporary building ma
terials and modem construction practices. In addition, 
the program’s findings have demonstrated the magnitude 
of change that certain design modifications can make in 
sound transmission and fire endurance of walls.

The various designs described in this paper were se
lected to illustrate the wide range of STC and FR ratings 
derived from the testing program and the variety of 
design alternative that are now available to builders. The 
1990 edition of the NBCC provided STC and FR ratings 
for 13 designs of wood-frame walls. The 1995 edition of 
the code will provide this information for approximately 
90 wood-frame walls. In addition, by referencing specific 
test results from the NRC testing program, builders will 
be able to use designs for wood-frame walls with the 
‘enhanced’ STC and FR ratings that are not listed in the 
code.
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Figure 4. Loadbearing or non-loadbearing wood-frame wall, 
two rows of studs 400 mm or 600 mm o.c. on two separate 
plates and absorptive material as indicated.

Finish on FR rating FR rating
each side loadbearing non-loadbaaring Typical STC

2 x 15.9 mm Type X gypsum board on each side 1.5 h 2 h 66/62/56*

2 x 12.7 mm Type X gypsum board on each side 1 h 1.5 h 65/60/55

2 x 15.9 mm Type X gypsum board on one side and 
1 x 15.9 mm Type X typsum board on the other

1 h 1 h/1.5 h 61/57/51

1 x 15.9 mm Type X gypsum board on each side 1 h 1 h 57/54/45

2 x 12.7 mm reg. gypsum board on each side *5 h 1 h 61/57/51

1 x 12.7 mm Type X gypsum board on each side 45 min/1 h 45 min/1 h 57/53/45

“The three STC values indicate acoustical performance of walls with absorptive material filling the stud cavities in both rows of studs, 
walls with with absorptive material filling the stud cavities on only one side of the wall, and walls that do not contain any absorptive 
material.

*

Builders can be expected to select wall designs on the 
basis of code requirements (prescriptive numbers), mater
ial costs and simplicity of construction. Consequently, 
only a few of the designs will be used for new construc
tion. However, in meeting the needs of the building 
renovation and repair industry, builders will use some of 
the wall designs that are seldom, if ever, used for new 
construction.
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FOR
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A collaborative industry-government research program was carried out at the National Research 
Council Canada (NRC) to develop new sound-transmission-class and fire-resistance ratings for 
gypsum-board protected walls. Forintek Canada Corp. and the Canadian Wood Council 
participated in the program on behalf of Canada's wood industry. As a result of that NRC 
research program, sound-transmission-class (STC) and fire-resistance (FR) ratings were 
formulated for approximately 140 gypsum-protected wood-frame walls. Fire-resistance ratings 
for the walls range from 30 minutes to two hours. Sound-transmission-class ratings range from 
30 to 65. Sound-transmission-class and fire-resistance ratings for approximately 90 of the wall 
designs appear in the 1995 edition of the National Building Code of Canada (NBCC). This paper 
highlights some of those STC and FR ratings and describes how they were derived from the 
data obtained through the research program.

INTRODUCTION ___  ________________________________________________________

The National Building Code of Canada 19901 (NBCC) provides architects, fire-protection 
engineers and building officials w ith information about the sound-transmission-class (STC) and 
fire-resistance (FR) ratings for some of the simple construction assemblies traditionally used in 
Canadian housing and small buildings.

In 1991, the Canadian standard for gypsum board, CAN/CSA-A82.27 Gypsum Board2, was 
revised. One aspect of the revision involved removal of the requirements for minimum density 
of gypsum board from the standard. The revisions harmonized the Canadian standard w ith its 
American counterpart, ASTM C 36 Standard Specification for Gypsum Wallboard3. However, 
changes in the physical properties of gypsum board which result from reductions in board 
density caused building officials to fear that many of the performance properties traditionally 
afforded gypsum board could no longer be sustained4. Therefore, the National Research Council 
Canada (NRC), in collaboration with industry and governmental partners, carried out a research

A version of this paper was presented at the 20h INTERNA TIONAL CONFERENCE ON FIRE 
SAFETY, Materials for Increased Fire Safety, January 11, 1995, San Francisco.
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program to measure the STC and FR ratings for gypsum-board protected wood-frame and steel- 
frame walls. The industry partners included all of the affected industries (manufacturers of 
gypsum board, cellulose-fibre, glass-fibre and mineral-fibre insulation, light-steel framing and 
wood products). Canada Mortgage and Housing Corporation (CMHC), Canadian Home Builders 
Association and NRC's Canadian Code Centre were also partners in the project. Forintek 
Canada Corp. and the Canadian Wood Council participated in the research program on behalf 
o f Canada's wood industry. Data from the research program permitted the Canadian 
Commission for Building and Fire Codes (CCBFC) to include STC and FR ratings in the 1995 
edition of the NBCC for approximately 90 different designs for wood-frame walls protected by 
gypsum board. FR ratings for those walls range from 30 minutes to tw o  hours. STC ratings 
range from 30 to 65. This paper highlights some of those STC and FR ratings and describes 
how they were derived from data obtained through the research program. *

TESTING PROGRAM___ ______  ______________  ________________  ____ __________

Acoustical measurements were made on 168 wood-frame and 117 steel-frame walls in 
accordance with ASTM E 90 Standard Method fo r Laboratory Measurement o f Airborne Sound 
Transmission Loss o f Building Partitions5. Sound-Transmission-Class was determined in 
accordance with ASTM E 413 Standard Classification for Determination o f Sound Transmission 
Class6.

ASTM E 413  provides a method of calculating single-number acoustical ratings based upon one- 
th ird  octave band sound transmission losses. Ratings correlate, in a general way, with 
subjective impressions of sound transmission for speech, radio, television, and similar sources 
o f noise in buildings. They do not correlate w ith noise from industrial machinery, musical 
instruments and transportation vehicles.

Fire-endurance tests were carried out on fourteen wood-frame and eight steel-frame wall 
assemblies in accordance with CAN/ULC-S101-M89 Standard Methods o f Fire Endurance Tests 
o f Building Construction and Materials1. That test method is, in both philosophy and practice, 
similar to ASTM  E 119 Standard Test M ethod fo r Fire Tests o f Building Construction and 
Materials6. Thirteen of the wood-frame walls were loadbearing assemblies. All of the steel- 
frame walls and one of the wood-frame walls were non-loadbearing assemblies. In addition, 
small-scale fire- endurance tests were carried out on 16 wood-frame and 32 steel-frame small- 
scale (1-m square) assemblies using a propane fired, vertical furnace w ith an 810 by 810-mm 
opening. Furnace temperatures in the small-scale tests followed, as closely as possible, the 
CAN/ULC-S101 standard time-temperature curve. None of the small-scale assemblies were 
loadbearing.

All materials used in construction of the assemblies (gypsum board, insulation, studs, fasteners, 
etc.) conformed to applicable Canadian material/product standards.

Methods of attachment of the gypsum board to each assembly (fastener size and spacing, 
resilient channels, etc.) conformed to the minimum specifications in the NBCC and 
CAN/CSA-A82.31 Gypsum Board Application6.

2
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Results for the sound-transmission and fire-endurance tests are available from NRC'0,11,12 and 
will not be repeated here.

All of the wall designs in the 1995 NBCC are described generically. Consequently, STC and FR 
ratings are independent of the type of absorptive material in the wall-cavities. Specific 
acoustical tests may have shown small differences between walls having glass-fibre insulation, 
mineral-fibre insulation and cellulose-fibre insulation; nevertheless, the published STC ratings 
for those walls are the most conservative of the results for the three absorptive materials.

Because each assembly conformed to the minimum construction requirements in the NBCC and 
CAN/CSA-A82.31, STC and FR ratings for designs listed in the 1995 edition of the NBCC are 
conservative. The STC or FR rating for a specific wall design could be somewhat better 
because of minor variations in construction details and materials.

Depending upon building size, construction and usage, the NBCC may require construction 
assemblies to have FR ratings of 45 minutes, 1 h, 1.5 h or greater. Similarly, the code may 
require assemblies to have STC ratings of 50 or 55. Provincial ministries of housing and CMHC 
require some assemblies to have STC ratings of 60 or greater.

Because acoustical measurements were made on a large number of walls, STC ratings in the 
1995 edition of the NBCC are quite specific. Conversely, because of the limited number of full- 
scale fire tests that were carried out, FR ratings were defined in relation to the code's 
"prescriptive” numbers (the FR ratings for wood-frame walls were based exclusively upon 
results of full-scale tests).

Theoretically, the STC rating of a non-loadbearing wall should be slightly higher than that of 
a loadbearing wall. However, the NRC testing program did not examine this aspect. Therefore, 
for walls listed in the 1995 edition of the NBCC, it has been assumed that the STC ratings for 
loadbearing and non-loadbearing walls are the same.

During fire tests on loadbearing walls, the walls were loaded to the maximum allowable design 
load per stud, as determined in accordance w ith CAN/CSA-086.1-M89 Engineering Design in 
Wood (Lim it States Design)'*. While the total load on walls w ith stud spacing 600-mm o.c. 
was 33 percent less than the load on walls w ith stud spacing 400-mm o.c., the total load 
applied to each stud in walls w ith stud spacing 600-mm o.c. was exactly the same as that for 
walls w ith  stud spacing 400-mm o.c. Moreover, the NBCC requires fastener spacing for 
gypsum board on walls w ith stud spacing 600-mm o.c. to be reduced from 400-mm o.c. to 
300-mm o.c. Since loadbearing wood-frame walls usually fail fire-endurance tests due to 
structural deterioration (buckling), it could be assumed that the FR rating for walls w ith stud 
spacing 600-mm o.c. would not be less than that for walls w ith stud spacing 400-mm o.c.

Similarly, it could be assumed that the FR ratings for walls constructed w ith nominal two-by-six 
(38 x 140-mm) wood studs and loaded to their maximum design load would be similar to those 
for walls constructed w ith two-by-four (38 x 89-mm) studs. 3

3
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Although it is not explicitly stated, CAN/CSA-086.1 is interpreted to require that stud walls be 
lined on only one edge w ith gypsum board for resistance to buckling about the weak axis. 
Therefore, the above argument also applied to walls with tw o  rows of studs staggered on a 
single plate or tw o separate rows of studs on two parallel plates. For example, the FR rating 
for a loadbearing, staggered-stud wall could be assumed to be the same as that for a 
loadbearing wall having a single row of studs, if the gypsum board, method of attachment of 
the gypsum board, and absorptive material in the cavity were the same for both walls. The fire 
tests tended to confirm these assumptions.

The tests demonstrated that FR ratings for non-loadbearing wood-stud walls should not be less 
than those for non-loadbearing steel-stud walls of similar construction. For example, the fire 
endurance of a non-loadbearing steel-stud wall finished w ith tw o layers of gypsum board on 
each side was 63 minutes. The fire endurance of an identical wood-stud wall was 65 minutes.

The tests demonstrated that the fire endurance of a loadbearing wood-stud wall is 
approximately ten minutes less than that for a non-loadbearing wall of similar construction. The 
fire endurance of a loadbearing wood-stud wall identical to the non-loadbearing wall described 
above was 53 minutes.

Not surprisingly, the tests demonstrated that STC ratings for wood-frame walls with no 
absorptive material in the cavity are significantly lower than those for similar walls w ith 
89-mm of absorptive material in the cavity: 4 to 10 (mean 7).

The tests demonstrated that FR ratings for both loadbearing and non-loadbearing wood-frame 
walls w ith  absorptive material filling the wall cavities will not be less, and may be slightly 
greater, than the FR ratings for walls w ith no absorptive material in the cavity.

FR ratings for non-loadbearing walls were significantly reduced when the width of the 
absorptive material in the stud cavity was slightly less than the width of the cavity. 
Conversely, tests demonstrated that FR ratings for non-loadbearing walls will be significantly 
greater when the absorptive material filling the wall cavity is extra-wide, batt-type mineral-fibre 
insulation w ith a density of not less than 42-44 kg/m3.

The tests demonstrated that increasing the stud spacing from 400-mm to 600-mm o.c. in a 
single-row wood-stud wall will increase the STC rating for the wall by a small but significant 
amount: 0 to 5 (mean 2).

The tests demonstrated that when a single layer of gypsum board is attached to the studs using 
resilient metal channels on one side of a wall and a single layer of gypsum board is fastened 
d irectly  to the studs on the other side of the wall, the STC rating for the wall will be 
significantly higher than that of a wall constructed w ith the gypsum board on both sides of the 
wall fastened directly to the studs: 9 to 16 (mean 12). For example, when tw o layers of 
gypsum board are fastened to one side of a wall using resilient channels and tw o  layers of 
gypsum board are fastened directly to the studs on the other side of the wall, the STC rating 
for the wall was approximately 1 5 higher than that for a similar wall w ith the gypsum board 
on both sides of the wall fastened directly to the studs.
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The tests demonstrated that increasing the spacing between resilient channels from 400-mm 
to 600-mm o.c. would increase the STC rating of a wood-frame wall by a small but significant 
amount: 0 to 4 (mean 2).

The increased STC ratings which result from increasing the spacing between the resilient 
channels from 400 to 600-mm o.c. on walls with stud spacing 600-mm o.c. were less than that 
for walls w ith stud spacing 400-mm o.c.

The STC rating for a wall with the gypsum board on one side of the wall fastened to the studs 
using resilient channels and the gypsum board on the other side of the wall fastened directly 
to the studs is independent of the side of the wall that the resilient channels are located.

When a single layer of gypsum board is installed on walls using resilient channels, there can be 
unbacked joints between adjacent sheets of wallboard and a series of VS--inch deep horizontal 
spaces 400 to 600-mm high created between the absorptive material or stud and the wallboard. 
These spaces extend along the full w idth of the wall. This hastens ignition of the edges of 
wood studs in the wall and the spread of heat and fire across the full w idth of the wall. In this 
study, the fire endurance of a wall covered w ith a single layer of Type X gypsum board 
attached to the studs using resilient channels on the "fire-exposed" side of the wall was 
approximately 5 minutes less than that for a similar wall w ith the gypsum board fastened 
directly to the studs and installed so that all edges were supported.

When multiple layers of gypsum board are attached to a wall, it is common practice to stagger 
the jo ints in each layer so that there are no unbacked joints in the wallboard. Consequently, 
there is no reduction in the fire endurance of walls when multiple layers of gypsum board are 
attached to the studs on one side of the wall using resilient channels.

Not surprisingly, the tests demonstrated that the STC ratings for double-stud walls (two 
separate rows of studs along tw o parallel plates) and staggered-stud walls (two rows of studs 
staggered along a single plate) were significantly higher than those for single-row wood-stud 
walls. For example, the STC rating for a double-stud wood-frame wall w ith one layer of 
12.7-mm Type X gypsum board on each side was about 20 higher than that for a similar single
row wood-stud wall. The STC rating for a staggered-stud wood-frame wall was about 15 
higher than that for a single-row wood-stud wall.

The sound tests demonstrated that STC ratings for walls w ith batt-type glass-fibre or mineral- 
fibre insulation filling the stud cavities could be 1 to 5 (mean 2) higher than those for similar 
walls filled w ith cellulose insulation.

The sound tests demonstrated that STC ratings for walls w ith batt-type glass-fibre insulation 
filling the stud cavities could be 0 to 2 (mean > 1) higher than those for similar walls w ith batt- 
type mineral-fibre insulation.

As previously noted, STC ratings in the 1995 NBCC are quite conservative. Tests demonstrated 
that when the cavities in some walls are filled with batt-type glass-fibre or mineral fibre 
insulation, the walls can exhibit STC ratings of 50 or 55 even though the STC ratings for walls 
with the generic (undefined) absorptive materials listed in the 1995 edition of the NBCC were 
1 or 2 less than those prescriptive-numbers.
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The fire endurance of a loadbearing wall w ith tw o layers of 12.7-mm (non-fire rated) gypsum 
board w ith  a mass per unit surface area of 7.82 kg/m2 (615 kg/m 3) fastened directly to the 
studs was 53 minutes. The fire endurance of a similar wall constructed w ith  gypsum board 
having a mass per unit area of 7.35 kg/m2 (579 kg/m3) was 49 minutes. This is a 5.8 percent 
reduction in board density and a 7.5 percent reduction in fire endurance. An analysis of 
additional thermocouple14 data collected during these tests indicated that the average time to 
commencement of charring of the studs in the two walls was 5.3 percent lower when the walls 
were protected by the lower-density gypsum board. Forintek has developed computer models 
which predict heat transfer across wood-frame walls protected w ith gypsum-board15. The 
models suggest that the time to commencement of charring of the wood studs in these two 
walls will be 3.9 percent lower when the density of the gypsum board protecting the walls is 
reduced from 61 5 kg/m3 to 579 kg/m3.

CAN/CSA-A82.27 requires Type X fire resistant gypsum board provide the follow ing minimum 
fire resistance rating:

"One hour for a 15.9 mm thickness applied to a partition in a single layer 
application on each side o f non-loadbearing galvanized steel studs....attached  
using 25 mm long dry wall screws spaced 200 mm o.c. along edges and ends...."

In this study, it was found that the fire endurance of a non-loadbearing steel-stud wall w ith one 
layer of 15.9-mm Type X gypsum board on each side was 52 minutes. However, the methods 
of attachment of the gypsum board to the assembly (fastener size and spacing) conformed to 
the minimum specifications in the NBCC. The NBCC permits gypsum board to be attached 
using drywall screws spaced 300-mm o.c. along the edges and ends.

The component additive method16 for estimating fire-resistance ratings of assemblies assigns 
12.7-mm Type X gypsum board on the fire-exposed side of a wall a time rating of 25 minutes. 
In this study, it was found that the fire endurance of a loadbearing wall finished w ith tw o  layers 
of 12.7-mm Type X gypsum board on each side was 79 minutes: the fire endurance of a similar 
wall finished with one layer of 12.7-mm Type X gypsum board on the "fire" side and tw o layers 
of the gypsum board on the opposite side was 51 minutes, a difference of 28 minutes.

The STC ratings for double-stud wood-frame walls (two rows of studs on separate plates) 
finished with 15.9-mm Type X gypsum board on each face and having 19-mm "fibreboard" (a 
light, low-density, "so ft" material) or 15.9-mm Type X gypsum board (a heavy, high-density, 
"hard" material) fastened to the back (interior-side) of one of the tw o rows of studs and with 
absorptive material filling both rows of stud cavities were 54 and 55 respectively. Therefore, 
it could be assumed that the STC rating for walls of similar construction but w ith plywood or 
strandboard (OSB) attached to the back-side of one of the tw o rows of studs would also be 
54-55. This type of construction is commonly used for shear walls in seismically active regions 
and in areas w ith severe wind loads.

The fo llow ing  summarizes some of the STC and FR ratings for wood-frame walls that were 
derived from this testing program. As previously noted, the STC ratings for asymmetrical walls 
are independent of the side of the wall subjected to sound vibrations. However, the FR ratings 
for asymmetrical assemblies are based upon test results for that side of each wall w ith the least 
fire endurance.
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Loadbearing or non-loadbearing wood-frame 
wall, single row of studs spaced 400-mm or 
600-mm o.c., w ith or w ithout 89-mm thick 
absorptive material, and gypsum board 
fastened directly to the studs

1
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Finish on 
Each Side

FR Rating 
Loadbearing

FR Rating 
Non-loadbearing

Typical STC

2x 1 5.9-mm Type X 
gypsum board on each side

1.5 h 2 h 38 (36)2

2x 12.7-mm Type X 
gypsum board on each side

1 h 1.5 h 38 (35)

1x 1 5.9-mm Type X 
gypsum board on each side

1 h 1 h 36 (32)

2x 12.7-mm reg. 
gypsum board on each side

45 min 1 h 36 (34)

1x 12.7-mm Type X 
gypsum board on each side

45 min/1 h3 45 min/1 h3 34(32)

1 x 1 2.7-mm reg. 30 min 30 m in/45 min3 32 (32)
gypsum board on each side

Three of the above designs illustrate the enhanced FR ratings that can be obtained for some 
non-loadbearing walls when mineral fibre insulation is used as the absorptive material.

FR ratings for walls with one layer of gypsum board on one side o f the wall and tw o  layers on 
the other were similar to the FR ratings for walls w ith one layer of gypsum board on each side. 
STC ratings for those walls were substantially less than any of the code's prescriptive 
numbers.

STC values in brackets are for walls that do not contain any absorptive material.

The absorptive material required for enhanced FR ratings is mineral-fibre insulation with a 
mass of at least 2.8 kg/m2 for 89-mm thickness.

7
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Loadbearing or non-loadbearing wood-frame 
wall, single row of studs, w ith 89-mm thick 
absorptive material, and gypsum board on 
one side fastened to the studs using resilient 
metal furring channels

Finish on FR Rating FR Rating Typical STC
Each Side Loadbearing Non-loadbearing

Studs 400-mm or 600-mm o.c.
2x 1 5.9-mm Type X 1.5 h 2 h 55 (47 )
gypsum board w ith resilient
channels spaced 400-mm o.c.
on one side and 2x 1 5.9-mm
Type X gypsum board on the other

2x 1 5.9-mm Type X 1.5 h 2 h 58 (47 )
gypsum board w ith resilient
channels spaced 600-mm o.c.
on one side and 2x 1 5.9-mm
Type X gypsum board on the other

The tw o designs described above illustrate enhanced STC values that can be obtained for some 
walls when the resilient channels are spaced 600-mm o.c. rather than 400-mm o.c.

8
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Finish on FR Rating FR Rating Typical STC
Each Side Loadbearing Non-loadbearing

Studs 400-mm o.c.
2x 1 2.7-mm Type X 
gypsum board w ith resilient 
channels spaced 400-mm or 
600-mm o.c. on one side 
and 1x 12.7-mm Type X 
gypsum board on the other

1 h 1 h 49

Studs 600-mm o.c.
1 x 1 2.7-mm Type X 45 h 1 h 49
gypsum board w ith resilient 
channels spaced 400-mm or 
600-mm o.c. on one side 
and 2x 12.7-mm Type X 
gypsum board on the other

The tw o  designs described above illustrate the reduced FR ratings that result from the 
installation of a single layer of gypsum board on walls using resilient channels and unsupported 
edges.

Finish on 
Each Side

FR Rating 
Loadbearing

FR Rating 
Non-loadbearing

Typical STC

Studs 400-mm o.c.
2x 12.7-mm Type X 
gypsum board w ith resilient 
channels spaced 400-mm o.c. 
on one side and 2x 12.7-mm 
Type X gypsum board 
on the other

1 h 1.5 h 53

2x 12.7-mm Type X 
gypsum board w ith resilient 
channels spaced 600-mm o.c. 
on one side and 2x 12.7-mm 
Type X gypsum board 
on the other

1 h 1.5 h 55

Studs 600-mm o.c.
2x 12.7-mm Type X 
gypsum board w ith resilient 
channels spaced 400-mm o.c. 
on one side and 2x 12.7-mm

1 h 1.5 h 55

Type X gypsum board 
on the other

9
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1 . 5  h 5 82x 12.7-mm Type X 1 h
gypsum board w ith resilient 
channels spaced 600-mm o.c. 
on one side and 2x 12.7-mm 
Type X gypsum board 
on the other

The four designs above illustrate the enhanced STC values that can be obtained when both the 
studs and resilient channels are spaced 600-mm o.c. rather than 400-mm o.c.

Finish on FR Rating FR Rating Typical STC
Each Side Loadbearing Non-loadbearing

2x 12.7-mm Type X 
gypsum board w ith resilient 
channels spaced 400-mm or 
600-mm o.c. on one side and 
1x 12.7-mm Type X gypsum board 
on the other

45 min/1 h 1 h 49 /504

The above design illustrates that when the cavities in some walls are filled w ith glass-fibre 
insulation, the wall will conform to some of the prescriptive numbers specified by building 
codes.

The following summarizes STC and FR ratings for four other wood-frame walls w ith the gypsum 
board on one side of the wall fastened to the studs using resilient channels.

Finish on 
Each Side

Studs 600-mm o.c.
2x 12.7-mm Type X 
gypsum board with resilient 
channels spaced 400-mm or 
600-mm o.c. on one side 
and 1x 12.7-mm Type X 
gypsum board on the other

Studs 400-mm o.c.
1 x 12.7-mm Type X 
gypsum board w ith resilient 
channels spaced 400-mm or 
600-mm o.c. on one side 
and 2x 12.7-mm Type X 
gypsum board on the other

FR Rating 
Loadbearing

45 min/1 h

45 min.

FR Rating Typical STC
IMon-loadbearing

1 h 53

1 h 49/504

The absorptive material required for enhanced STC ratings is 90-mm batt-type glass-fibre 
insulation.
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4 5  m in 4 51 x 1 5.9-mm Type X 
gypsum board with resilient 
channels spaced 400-mm or 
600-mm o.c. on one side 
and 1x 15.9-mm Type X 
gypsum board on the other

Studs 400-mm or 600-mm o.c.
1x 12.7-mm Type X 45 min.
gypsum board w ith resilient
channels spaced 400-mm or
600-mm o.c. on one side
and 1x 12.7-mm Type X
gypsum board on the other

1 h

45 min. 43

The following summarizes some of the STC and FR ratings for staggered-stud and double-stud 
walls that were derived from this testing program.

Loadbearing or non-loadbearing wood-frame 
wall, tw o rows of 38x89-mm studs 400-mm 
or 600-mm o.c. staggered along a 38-mm x 
140-mm plate, with absorptive material filling 
the cavity

Finish on FR Rating FR Rating Typical STC
Each Side Loadbearing Non-loadbearing

2x 1 5.9-mm Type X 1.5 h 2 h 56 (48)
gypsum board on each side

11
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1 .5  h 5 52x 12.7-mm Type X 1 h
gypsum board on each side

2x 15.9-mm Type X 1 h 1.5 h 52
gypsum board on one side 
and 1x 15.9-mm Type X 
gypsum board on the other

2x 12.7-mm reg. 
gypsum board on each side

45 min 1 h 53

2x 12.7-mm Type X 
gypsum board on one side

45 min 1 h 50

and 1x 12.7-mm Type X 
gypsum board on the other

Loadbearing or non-loadbearing wood-frame 
wall, tw o  rows of studs 400-mm or 
600-mm o.c. on tw o  separate plates and 
absorptive material as indicated

/ / / / / / / , _' / / / / / / / / / //  / ' / / / / / / ' /  /  / *

X X
’ X X* ' y y' /  /  /  /  /  /  / , ' / / / / / / / / / / ,

/ / / / / / / / / 7 ~ 7 / / / / / / / / / / /
^ 7 7 7 / / / / / / / , ’ V   ̂V  V  V 7  7 V  V  7 /

X X
X X

' / / / / / / /  /  /  /  ,
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Finish on 
Each Side

FR Rating 
Loadbearing

FR Rating 
Non-loadbearing

Typical STC

2x 1 5.9-mm Type X 
gypsum board on each side

1.5 h 2 h 66 /62 /565

2x 12.7-mm Type X 
gypsum board on each side

1 h 1.5 h 65/60/55

2x 1 5.9-mm Type X 
gypsum board on one side 
and 1x 15.9-mm Type X 
gypsum board on the other

1 h 1 h/1.5 h 61/57/51

1x 1 5.9-mm Type X 
gypsum board on each side

1 h 1 h 57/54/45

2x 12.7-mm reg. 
gypsum board on each side

45 in 1 h 61/57/51

1x 12.7-mm Type X 
gypsum board on each side

45 min/1 h 45 min/1 h 57/53/45

CONCLUSIONS_________________________________________ _____________________________

A collaborative industry-government research program has resulted in the development of new 
sound-transmission-class and fire-resistance ratings for gypsum-board protected walls: ratings 
which reflect the performance of assemblies constructed w ith contemporary building materials 
and modern construction practices. In addition, the program's findings have demonstrated the 
magnitude of change that certain design modifications can make in sound transmission and fire 
endurance of walls.

The various designs described in this paper were selected to illustrate the wide range of STC 
and FR ratings derived from the testing program and the variety of design alternatives that are 
now available to builders. The 1990 edition of the NBCC provided STC and FR ratings for 13 
designs of wood-frame walls. The 1995 edition of the code will provide this information for 
approximately 90 wood-frame walls. In addition, by referencing specific test results from the 
NRC testing program, builders will be able to use designs for wood-frame walls w ith 
"enhanced" STC and FR ratings that are not listed in the code.

The three STC values indicate acoustical performance of walls with absorptive material filling 
the stud cavities in both rows of studs, walls with absorptive material filling the stud cavities 
on only one side of the wall, and walls that do not contain any absorptive material.

13
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Builders can be expected to select wall designs on the basis of code requirements (prescriptive 
numbers), material costs and simplicity of construction. Consequently, only a few of the 
designs w ill be used for new construction. However, in meeting the needs of the building 
renovation and repair industry, builders will use some of the wall designs that are seldom, if 
ever, used for new construction.

Forintek Canada Corp. thanks its members, Natural Resources Canada (Canadian Forestry 
Service), and the Provinces of British Columbia, Alberta, Ontario, Quebec, Nova Scotia and 
New Brunswick, for their guidance and financial support for this research. * 1 11
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Technote Building Systems

March, 1996

TEC-38E

New Sound-Transmission-Class and Fire-Resistance Ratings for
Wood-frame Walls

A collaborative industry/government research program involving the National 
Research Council Canada, Forintek and the Canadian Wood Council 

has created many new design options for construction of 
interior walls in wood-frame buildings.

flylew sound-transmission-class (STC) and 
ÀNI fire-resistance (FR) ratings have been 
form ulated for approxim ately 140 interior 
wood-stud walls finished with gypsum board. FR 
ratings for the walls range from 30 minutes to two 

I hours. STC class ratings range from 30 to 65. STC 
and FR ratings for approximately 90 of the wall 
designs appear in the 1995 edition of the National 
Building Code of Canada (NBCC).

Architects, engineers, builders and building 
officials make extensive use of the STC and FR 

I ratings in the building code when designing and 
; approving wood-frame buildings in Canada. The 
1 1990 edition of the NBCC contained STC and FR

ratings for 13 interior wood-stud walls finished with 
gypsum board. Because they were no longer 
confident that walls finished with modern gypsum 
board could provide the desired fire resistance and 
sound isolation, in 1992 the Canadian Commission 
for Building and Fire Codes (CCBFC) decided to 
delete seven of the wall designs from the code.

In 1993, a partnership of affected industries, 
government organizations and the National 
Research Council Canada (NRC) began an 
extensive program to measure STC and FR ratings 
for wood-stud and steel-stud walls finished with 
gypsum board. The “partners" included: Forintek, 
C anadian Wood Council, Canadian Home 
Builders Association, Canadian Sheet Steel 
Building Institute, Gypsum Manufacturers of 
Canada, Cellulose Insulation Manufacturers 
Association of Canada, Fiberglas Canada Inc.

(manufacturer of glass-fibre insulation), Roxul Inc. 
(manufacturer of mineral-fibre insulation), Canada 
Mortgage and Housing Corporation, Ontario 
Ministry of Housing, Alberta Ministry of Housing 
and NRC. Sound-transmission measurements were 
made on 168 wood-stud and 117 steel-stud walls. 
Fire-endurance tests were carried out on fourteen 
wood-stud and eight steel-stud walls.

In April, 1994, the CCBFC approved 
publication of new STC and FR ratings for 
approximately 90 wood-stud walls finished with 
gypsum board in the 1995 edition of the NBCC. 
The designs include: loadbearing  and
nonloadbearing wood-stud walls with 2x4 or 2x6 
studs spaced 400-mm or 600-mm on centre (o.c.) 
in single, staggered and double-row configurations. 
The designs also include double-stud shear walls 
with plywood or oriented strandboard (OSB) 
attached to the interior face of one of the two rows 
of studs.

Because the wall designs conform to minimum 
construction requirements in the code, the STC and 
FR ratings in the 1995 edition of the NBCC are 
conservative. By referencing specific test results 
from the research program, builders will be able to 
use wall designs with “enhanced" STC and FR 
ratings that are not listed in the code.

As builders have traditionally tended to select 
designs on the basis of code requirements, material 
costs and simplicity of construction, it is anticipated 
that only a few of the designs will find wide

Forintek
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Tel: (604)224-3221 
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application in new construction. However, builders 
will be able to choose from among many new 
options to meet the wide ranging needs of the 
building renovation and repair market.

With the continued participation of the original 
partners, joined by Canadian and American 
manufacturers of engineered wood products, 
National Association of Home Builders (US), 
Gypsum Association (US), Canadian Portland 
Cement Association, Ontario Home Warranty 
Program, and Canadian Association of Fire 
Fighters, research is under way to formulate new 
STC and FR ratings for floors and shear walls. The 
results from those measurements will be published 
in the 2000 edition of the NBCC.

Reports Available

A paper ent i t led  "Fi re - endurance  t e s t i ng  of  
B u i l d i n g  C o n s t r u c t i o n s  C o n t a i n i n g  W o o d  
Members" has been publ ished in FIRE AND  
MATERIALS, VOL. 19, 29-33 (1995). Also a 
p a p e r  e n t i t l e d  "F i r e - r e s i s t a n c e  a n d
S o u n d - t r a n s m i s s i o n - c l a s s  R a t i n g s  fo r
Wo o d- f r a me  W alls" wi l l  be publ ished in FIRE 
AND MATERIALS later this year.'

Reprints of the papers are available to Forintek 
members and supporters by contacting:

Doreen Liberty, Librarian

Tel: (418) 659-2647
Fax: (418) 659-2922

Internet: doreen.liberty@qc.forintek.ca

For more informat ion on this work,  please 
contact:

Les Richardson, Research Scientist 
Building Systems -  Fire Program

Tel: (613)523-0288
Fax: (613)523-0502

Internet: leslie.richardson@ott.forintek.ca
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3rd International Scientific Conference 
WOOD & FIRE SAFETY 
May 6-9, 1996
The High Tatras, Hotel Patria 
Slovak Republic

Fire Resistance of Wood-Frame Wall Assemblies 
Used in Canadian Housing and Small Buildings

b y
L.R. Richardson and M. Batista

fire-endurance / tests / fire-resistance ratings / National Building Code of Canada / wood-frame walls / loadbearing 
/ non-loadbearing / gypsum board / insulation / component-additive method

Introduction
Fire-resistance ratings for many of the generic construction assemblies traditionally used in construction 
of Canadian housing and small buildings have been published in every edition o f the National Building 
Code o f Canada1 (NBCC) since 1965. While some of those fire-resistance ratings had been updated over 
the intervening years, many of them had not been revised since 1965. Therefore, in 1992, the Canadian 
Commission for Building and Fire Codes (CCBFC) decided to delete every fire-resistance rating from 
the 1995 edition o f the NBCC that could not be supported by contemporary data. Their reasons were 
as follows.

•  Building materials and construction practices had changed substantially since 1965. 
Consequently, fire-resistance ratings for assemblies constructed with new building materials or using 
modem construction practices could have changed.

•  Much of the test data upon which the original fire-resistance ratings were based had been lost over 
the intervening years.

•  Specific procedures in the test methods used to quantify fire endurance o f building constructions 
had been improved substantially in the past forty years. Consequently, fire-resistance ratings obtained 
in the 1960's might not be confirmed in the 1990's.

•  In 1991, the Canadian standard for gypsum board, CAN/CSA-A82.27 Gypsum Board2, was 
revised. One aspect o f the revision involved removal o f requirements for minimum density of gypsum 
board from the standard. While the changes harmonized the Canadian standard with its American 
counterparts, ancillary changes in the physical properties o f gypsum board which accompany reductions 
in board density created apprehension among building officials that many of the performance properties
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traditionally afforded gypsum board could no longer be sustained. For example, based upon pure physics, 
a limited reduction in density o f gypsum board should not significantly change the thermal performance 
of gypsum board (thermal conductivity and specific heat). However, those same reductions in density 
could degrade the board's hardness, resistance to bending (stiffness), breaking (fracture) and puncture 
(nail-head pull-through resistance) and increase the amount of shrinkage in boards exposed to fire. Any 
impairment in the mechanical properties of gypsum board could compromise the composite performance 
of loadbearing wood-frame assemblies protected by the lighter gypsum board. Thus, while the fire- 
resistance rating for a non-loadbearing wood-frame wall protected by a lower density gypsum board 
might not change, the fire-resistance rating of a loadbearing wall could be significantly diminished.

Canadian architects, fire-protection engineers and building officials consider the list o f fire-resistance 
ratings for generic construction assemblies to be an essential feature o f the building code. Therefore, in 
the latter part o f 1992, the National Research Council Canada (NRC), in collaboration with industry and 
governmental partners carried out a research program to determine new fire-resistance ratings for 
gypsum-board protected wood-frame and steel-frame walls3. The industry partners included all o f the 
affected industries (manufacturers of gypsum board, glass-fibre, rock-fibre and cellulose-fibre insulation, 
light-steel framing, and wood products). Canada Mortgage and Housing Corporation, Canadian Home 
Builders Association and NRC's Canadian Code Centre were also partners in the project. Forintek 
Canada Corp., with assistance from the Canadian Wood Council, participated in the program on behalf 
of Canada's wood industry.

Data from the research program permitted the Canadian Commission for Building and Fire Codes 
(CCBFC) to publish fire-resistance ratings for approximately 90 different designs for wood-frame walls 
protected by gypsum board in the 1995 edition of the NBCC. Those ratings range from 30 minutes to 
two hours. This paper highlights some o f those fire-resistance ratings and describes how they were 
derived from data obtained through the research program.

Testing Program
Fire-endurance tests were carried out on fourteen wood-frame and eight steel-frame wall assemblies in 
accordance with CAN/ULC-S101-M89 Standard Methods o f Fire Endurance Tests o f  Building 
Construction and Materials4. That test method is technically identical to A S T M E  119 Standard Test 
M ethodfor Fire Tests o f  Building Construction and Materials5. Thirteen of the wood-frame walls were 
loadbearing assemblies. All o f the steel-frame walls and one of the wood-frame walls were non
loadbearing assemblies.

All materials used in construction of the assemblies (gypsum board, insulation, studs, fasteners, etc.) 
conformed to applicable Canadian material/product standards.

Methods o f attachment o f the gypsum board to each assembly (fastener size and spacing, resilient 
channels, etc.) conformed to the minimum specifications in the NBCC or CAN/CSA-A82.31 Gypsum 
Board Application6.

Results and Discussion
Complete results for each of the fire-endurance tests are available from NRC7. Table 1 summarizes some 
of those results.
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Table 1. Summary of Fire-endurance Tests
Stud
Type

Stud
Spacing

(mm o.c.)

Gypsum
Board
Type

Gypsum Board 
Thickness 

(mm)

Gypsum Board 
Layers 

(fire-side/ 
ambient-side)

Insulation 
. T TyPe ..

(batts)

Resilient
Metal

Channels

Loadbearing / 
Non-
loadbearing

Fire
Endurance
(minutes)

Failure
Mode

wood 400 regular 12.7 1 x 1 loadbearing 33 structural
wood 400 regular 12.7 2 x 2 loadbearing 53 structural
steel 600 regular 12.7 2 x 2 non-loadbearing 63 temperature
wood 600 regular 12.7 2 x 2 non-loadbearing 65 temperature
steel 600 fire-rated 15.9 1 x 1 non-loadbearing 52 temperature
steel 600 fire-rated 12.7 1x2 non-loadbearing 65 temperature
wood 400 fire-rated 12.7 1x2 glass-fibre fire-side loadbearing 51 structural
steel 600 fire-rated 12.7 1 x 2 glass-fibre non-loadbearing 65 temperature
steel 600 fire-rated 12.7 1x2 rock-fibrea non-loadbearing 100 temperature
steel 600 fire-rated 12.7 1x2 cellulose-fibre non-loadbearing 62 temperature
wood 400 fire-rated 12.7 1x2 rock-fibre fire-side loadbearing 52 structural
wood 400 fire-rated 12.7 1x2 cellulose-fibre ambient-side loadbearing 56 structural
wood 400 fire-rated 15.9 1 x 2 glass fibre fire-side loadbearing 52 structural
wood 400 fire-rated 15.9 1x2 glass-fibre fire-side loadbearing 51 structural
wood 400b fire-rated 12.7 1x2 glass-fibre loadbearing 51 structural
wood 400c fire-rated 15.9 1 x 1 glass-fibre loadbearing 59 structural
wood 400 fire-rated 12.7 1 x 1 rock-fibre ambient- side loadbearing 58 structural
wood 400 fire-rated 12.7 2 x 2 glass-fibre fire-side loadbearing 79 structural

a) 615-mm wide batts
b) . Staggered-stud wall (two rows of 38-mm by 89-mm studs staggered along a 38-mm by 140-mm plate)
c) Double-stud wall (two rows of 38-mm by 89-mm studs on two separate plates, 25-mm apart)
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During fire tests on loadbearing walls, the assemblies were loaded to the maximum allowable design load 
per stud, as determined in accordance with CAN/CSA-086.1-M89 Engineering Design in Wood (Limit 
States Design)8. Therefore, while the total load on walls with stud spacing 600-mm o.c. would be 33 
percent less than the load on walls with stud spacing 400-mm o.c., the total load applied to each stud in 
walls with stud spacing 600-mm o.c. would be exactly the same as that for walls with stud spacing 400- 
mm o.c. Since loadbearing wood-frame walls usually fail fire-endurance tests due to structural 
deterioration (buckling), it could be assumed that the fire-resistance ratings for walls with stud spacing 
600-mm o.c. would not be less than those for walls with stud spacing 400-mm o.c. Similarly, it could 
be assumed that the fire-resistance ratings for walls constructed with nominal two-by-six (38 x 140-mm) 
wood studs and loaded to their maximum design load would be similar to those for walls constructed 
with nominal two-by-four (38 x 89-mm) studs.

Although it is not explicitly stated, CAN/CSA-086.1 is interpreted to require that wood-stud walls be 
lined on only one edge with gypsum board for resistance to buckling about the weak axis. Consequently, 
the assumptions outlined above also applied to walls with two rows of studs staggered along a single 
plate or two separate rows of studs on two parallel plates. Therefore, fire-resistance ratings for 
loadbearing, staggered-stud walls could be assumed to be the same as those for loadbearing walls having 
a single row of studs, if the gypsum board, method of attachment of the gypsum board, and absorptive 
material in the cavity were the same for both walls.

Fire-resistance ratings for non-loadbearing wood-stud walls should not be less than those for non
loadbearing steel-stud walls of similar construction.

Fire-resistance ratings for both loadbearing and non-loadbearing wood-frame walls with absorptive 
material filling the wall cavities should not be less, and could be slightly greater, than fire-resistance 
ratings for walls with no absorptive material in the cavity.

When a single layer of gypsum board is installed on walls using resilient channels, there can be unbacked 
joints between adjacent sheets of wallboard and a series of 12.7-mm deep horizontal spaces 400 to 600- 
mm high created between the absorptive material or stud and the wallboard. Because these spaces extend 
along the full width of the wall, ignition of the edges o f wood studs in the wall, and the spread o f heat 
and fire across the full width of the wall is accelerated. However, when multiple layers o f gypsum board 
are attached to a wall, it is common practice to stagger the joints in each layer so that there are no 
unbacked joints in the wallboard. Consequently, there is no reduction in the fire endurance o f walls when 
multiple layers of gypsum board are attached to the studs on one side of the wall using resilient channels.

CAN/CSA-A82.27 requires Type X fire-resistant gypsum board provide the following minimum fire- 
resistance rating:

"One hour fo r  a 15.9 mm thickness applied to a partition in a single layer application 
on each side o f  non-loadbearing galvanized steel studs....attached using 25 mm long 
drywall screws spaced 200 mm o.c. along edges and ends...."

In this study, it was found that the fire endurance of non-loadbearing steel-stud walls with one layer of 
15.9-mm Type X gypsum board on each side was 52 minutes. However, the methods o f attachment of 
the gypsum board to the assembly (fastener size and spacing) conformed to the minimum specifications
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in the NBCC, and the NBCC permits gypsum board to be attached using diywall screws spaced 300-mm 
o.c. along the edges and ends.

Appendix D-2.3 o f the NBCC provides a simple calculation method, commonly called the Component 
Additive Method9,10, " , for assigning fire-resistance ratings up to 90 minutes (V /2  h) to wood and steel- 
frame walls, floors and roofs. When using the Component Additive Method to calculate fire-resistance 
ratings for framed walls, the time assigned for the membrane on the fire-exposed side o f the walls is 
added to the time assigned for the framing members plus the time assigned for any additional protective 
measures such as the installation of insulation in the cavities between the studs o f the walls. Times 
assigned to membranes on the fire-exposed side of a wall in the Component Additive Method are based 
upon their ability to remain in place during fire tests, and are considered to be conservative.

In the 1990 edition of the NBCC, the time assigned 12.7-mm gypsum board was 15 minutes. In these 
tests, the gypsum board fell from wood-stud walls lined with one layer of 12.7-mm regular gypsum board 
at about 18 minutes.

In the 1990 edition of the NBCC, the time assigned double 12-mm gypsum board was 40 minutes. In 
these tests, the gypsum board fell from wood-stud walls lined with two layers of 12.7-mm regular gypsum 
board at about 38-40 minutes.

In the 1995 edition of the NBCC, the time assigned 12.7-mm Type X fire-rated gypsum board is 25 
minutes. In these tests, the gypsum board fell from wood-stud walls lined with one layer o f 12.7-mm 
Type X (fire-rated) gypsum board at about 36 minutes. When the gypsum board was fastened to the 
walls using resilient metal channels, the wallboard fell from the walls at about 32 minutes.

In the 1995 edition o f the NBCC, the time assigned 15.9-mm Type X fire-rated gypsum board is 40 
minutes. In these tests, the gypsum board fell from wood-stud walls lined with one layer o f 15.9-mm 
Type X (fire-rated) gypsum board at about 42 minutes.

Depending upon building size, construction and usage, the NBCC may require wood-frame walls to have 
fire-resistance ratings o f 45 minutes, 1 h, 1.5 h or greater. The specific fire-resistance ratings assigned 
to each wall design listed in the 1995 edition of the NBCC corresponded to one of the "prescriptive" 
numbers in the code. Because each assembly conformed to the minimum construction requirements in 
the NBCC and CAN/CSA-A82.31, the fire-resistance ratings for designs listed in the 1995 edition of the 
NBCC are conservative. Minor variations in construction details and materials could significantly 
increase the fire resistance ratings for specific wall designs.

The following summarizes some of the fire-resistance ratings for wood-frame walls that were derived 
from this testing program.
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: ' / / /  -v>  / v z ,  y/ /. v / /  ' / / / / / ,  / / / .  ' / / /  * / / / ' / ,  / / / .  ' / / /  ' / / / ■

X X '
A Y V/Vs/SA/YY, V //  V s /'/, / / / .  V / / ' / / / / / , / /A  V //

y 7 7 7 7 / 7 7 / / / / ' / / . / / / / / / / / /

X ? X
/ / / / / / / / / / / /y y y y y y y y y y Y y y yy y y y y y y y y

X > X,
y  y y y y  /  y /  /  y / / / / / / / / / / / / // y  y y ry y y y y /.

X ]f X/ / / / / / / / / / / Z* y / / y  y y / / y  y y

Loadbearing or non-loadbearing wood-frame wall; single row of studs spaced 400-mm or 600-mm o.c., or two rows of 38-mm by 89-mm studs 
staggered 400-mm or 600-mm o.c. along a 38-mm by 140-mm plate, or two rows of studs 400-mm or 600-mm o.c. on two separate plates, 
with or without absorptive material filling the cavities*; and, gypsum board fastened directly to the studs.

* Designs with enhanced fire-resistance ratings have rock-fibre insulation with a mass of at least 2.8 kg/m2 for 89-mm thickness as the 
absorptive material.
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Finish on Fire-Resistance Rating
Each Side Loadbearing Non-loadbearing

•  2x 15.9-mm Type X 
gypsum board on each side

1.5 h 2 h

•  2x 12.7-mm Type X 
gypsum board on each side

1 h 1.5 h

•  2x 15.9-mm Type X 
gypsum board on one side and 
lx 15.9-mm Type X gypsum board on the other

1 h 1.5 h

•  lx 15.9-mm Type X 
gypsum board on each side

1 h 1 h

•  2x 12.7-mm reg. 
gypsum board on each side

45 min 1 h

•  2x 12.7-mm Type X 
gypsum board on one side and 
lx 12.7-mm Type X gypsum board on the other

45 min 1 h

•  lx 12.7-mm Type X 
gypsum board on each side

45 min/1 h* 45 min/1 h*

•  lx 12.7-mm reg. 
gypsum board on each side

30 min 30 min/45 min*

Loadbearing or non-loadbearing wood-frame wall, single row 
of studs spaced 400-mm or 600-mm o.c., with 89-mm thick 
absorptive material filling the cavities, and gypsum board on 
one side fastened to the studs using resilient metal furring 
channels

S /  S S / / / /  / / / / / / / / /  /FT-

/ / / / /  / / / / / / / v v / /  /  /~rr

' / / / / / / / / / / / / / / / / / / / / A

' / / / / / / y y / / / y y / y y y y y y .

rTT7 / / / / / / / / / / / / / / / / / Z

i X x :
1 /T/TT7T77-/y ; TTT
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Finish on 
Each Side

•  2x 15.9-mm Type X 
gypsum board with resilient
channels spaced 400-mm or 600-mm o.c. 
on one side and 2x 15.9-mm 
Type X gypsum board on the other

•  2x 12.7-mm Type X 
gypsum board with resilient
channels spaced 400-mm or 600-mm o.c. 
on one side and 2x 12.7-mm Type X 
gypsum board on the other

•  2x 12.7-mm Type X 
gypsum board with resilient
channels spaced 400-mm or 600-mm o.c. 
on one side and lx 12.7-mm Type X 
gypsum board on the other

•  lx 12.7-mm Type X 
gypsum board with resilient
channels spaced 400-mm or 600-mm o.c. 
on one side and 2x 12.7-mm Type X 
gypsum board on the other

•  lx 15.9-mm Type X 
gypsum board with resilient
channels spaced 400-mm or 600-mm o.c. 
on one side and lx 15.9-mm Type X 
gypsum board on the other

•  lx 12.7-mm Type X 
gypsum board with resilient
channels spaced 400-mm or 600-mm o.c. 
on one side and lx 12.7-mm Type X 
gypsum board on the other

Fire-Resistance Rating 
Loadbearing Non-loadbearing

1.5 h 2 h

1 h 1.5 h

45 min/1 h* 1 h

45 h 1 h

45 min 1 h

45 min. 45 min.

Conclusions
A collaborative industry-government research program has resulted in the development o f new fire- 
resistance ratings for gypsum-board protected walls: ratings which reflect the performance o f assemblies 
constructed with contemporary building materials and modem construction practices. In addition, the 
program's findings have demonstrated the magnitude o f change that certain design modifications can 
make in the fire endurance o f walls.
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The various designs described in this paper were selected to illustrate the wide range o f fire-resistance 
ratings derived from the testing program and the variety o f design alternatives that are now available to 
builders. The 1990 edition o f the NBCC provided fire-resistance ratings for 13 designs o f wood-frame 
walls. The 1995 edition of the code provides this information for approximately 90 wood-frame walls. 
In addition, by referencing specific test results from the NRC testing program, builders will be able to use 
designs for wood-frame walls with "enhanced" fire-resistance ratings that are not listed in the code.

Builders can be expected to select wall designs on the basis of code requirements (prescriptive numbers), 
material costs and simplicity of construction. Consequently, only a few of the designs will be used for 
new construction. However, in meeting the needs of the building renovation and repair industry, builders 
will use some o f the wall designs that are seldom, if ever, used for new construction.

Forintek Canada Corp. thanks its members, Natural Resources Canada (Canadian Forestry Service), and the Provinces 
of British Columbia, Alberta, Ontario, Quebec, Nova Scotia and New Brunswick, for their guidance and financial 
support for this research.

The authors wish to thank Rodney McPhee and Catherine Lalonde of the Canadian Wood Council for their valuable 
advice and guidance throughout the research program described in this paper.

Leslie R. Richardson and Miguel Batista 
Forintek Canada Corp.
Building Systems - Fire 
Suite 4100, CTTC 
1125 Colonel By Drive 
Ottawa, CANADA 
K1S 5R1
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A G R E E M E N T  FO R  C O LLA B O R A T IV E W O R K

THIS AGREEMENT is made according to the laws of the Province of Ontario, Canada

THE PARTIES ARE

NATIONAL RESEARCH COUNCIL OF CANADA, INSTITUTE FOR RESEARCH IN CONSTRUCTION
whose address is: 1200 Montreal Road, Ottawa, Ontario K1A OR6 (called "NRC")

AND CANADIAN WOOD COUNCIL
whose address is: 1730 St. Laurent Boulevard, Suite 350

Ottawa, Ontario
K1G 5L1 (called the "Collaborator")

A-l. This agreement concerns scientific research and development, called the "Project", briefly described as:
Fire Resistance and Sound Performance of Wood Stud Shear Walls. *

A-2. The Collaborator chooses to work with NRC because of NRC's unique capabilities, and ASSURES NRC that 
NRC's work in this Project is not competing with Canadian firms or universities.

A-3 The Parties will contribute to the Project by the performance of work as described in the attached
"STATEMENT OF WORK", or by payments, or both. This agreement is subject to the terms in the attached 
appendix entitled "GENERAL CONDITIONS".

A-4. No agreement exists until NRC signs. Project starts on 1 April 1995.
This agreement expires, except for Intellectual Property provision, on 31 August 1996.

A-5. The Total Cost of the Project, is estimated to be: Ninety Thousand Dollars (590,000).

A-6. The Collaborator will pay to NRC in cash: Fifty Thousand Dollars ($50,000) which is 56% of the Total Cost, 
of this amount $32,500 is payable at contract entry (invoice included) and the balance as per the attached 
schedule of payments. Also, the Collaborator will consider making an in kind contribution of the following 
value: Ten Thousand Dollars ($10,000) which is 11% of the Total Cost.
NRC's GST registration number is 121 491 807. Without implying that taxing authorities are bound by this, 
the Parties consider that the applicable tax rate is : Goods and Service Tax rate: 0%.

A-7. NRC's work on the Project, in addition to the portion reimbursed according to the preceding paragraph, 
will include work of the following value (plus or minus 10%) without charge to the Collaborator Thirty 
Thousand Dollars ($30,000) which is 33% of the Total Cost.

A-8. The intellectual property from the Project will be dealt with in accordance with attached Appendix U 
entitled "INTELLECTUAL PROPERTY", which remains in effect for an extended period stated therein.
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AGREEM ENT FOR COLLABORATIVE W ORK (C an t 'd )

SIGNED by the Collaborator in duplicate at Ottawa, Ontario: 

CANADIAN WOOD COUNCIL

Print nam e

Print title

Signed by NRC in duplicate at Ottawa, Ontario: 

NATIONAL RESEARCH COUNCIL OF CANADA

Print nam e

Prin t title 

NP-B944 /95-03-28

Per:_

Date:

Per:_

Date:
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APPENDIX G: GENERAL CONDITIONS.

G-4.

G-5.

G-1 WHOt F AND finai AGREEMENT This agreement supersedes aH _ prior communications,
• hegSiatons and agreements concerning the Projet «  Snanaal V  a£ d

rimAnt nf * fir of terrns ^  this agreement or In the STATEMENT OF WORK anu
DEUVERABLES is effective unless it is in writing, signed by all Parties, and explicitly states the 
Mention to affect this aareement No forbearance by a Party implies any broader, continuing, or 
future forbearance if a œurt finds part of this agreement invalid, the remainder is valid in accordance 
with Its  most reasonable interpretation. This agreement does not create a relationship of agency, 
employment, partnership, or joint venture.

G-2. ASSIGNMENT This agreement is personal to tine Parlies, so that no assignment or assumption by a 
corporation formed by amalgamation with a Party is valid except by wntten consent of all Parties.

G-3 Fxr:t l IRIGN DF CERTAIN LIABILITY No Party may allege liability in tort arising out of this contract 
3‘ Claims based on contractual liabili'tyTre actionable, but not for failure or delay in performance caused 

b v  drcumlfanSs b e y o n d  the reasonable control cl the defending Party, nor for incorrectness or 
inaSura?y of dlfa supplied, advice given, or opinions expressed. No daim may be made for Indirect, 
consequential, or contingent damages.

VISITS Each Partv will oermit visits by another Party's employees on the premises where, work on the 
Projet is3 conducted if relevant to the Project and not likely to interfere with regular operations. 
Visitors who work at' NRC must personally sign an agreement waiving any nght to sue NRC for
injuries.
RECORDS Parties who perform work in the Project and, if applicable Parties who are granted a 
licence by this aqreement, must maintain records and accounts related directly to the work or the 
cence Tn according with generally accepted accounting pnnciptes. Those records must be 

oreserved for at least three years after they are created, and must be available at each Party's 
ad^re^of record, upon reasonable written request, for inspection and the making of extracts and
copies by the requesting Party.

TERMINATION A Party may terminate this agreement with respect to ^ e .wori< only arid not 
obligations conœming Intellectual Property or confidentiality, at any time, upon sixty 60) days wntten 
notice and CD a^Tnt of costs pre-dating* the notice that were intended to be reimbursable and 
payment of d ffc l costs that arise from the cancellation of obligations and from uncancellable
obligations.
NOTICES Anv notice related to this agreement, including a notice of change of address, must be sent 
to the addresses stated at the beginning of this agreement either by registered mail, which is deemed 
to be effeSvI notiS five days after mailing, or by courier or facsimile, vAvdh  are effective notices only 
when acknowledged by a courier's delivery receipt or by a return facsimile transmission.

G-8 CONDITIONS The following are conditions of this agreement, and any violation of them entities NRC 
to terminate this agreement in whole or part, without liability and retaining toei nght to dam damages 

G-8 1 No member of the House of Commons of Canada shall be admitted to any share or part of mis

G-S2 No Y om w  cinad im  e™Nte° offiX '  hoTder (generelly ‘Senior Managed or above) who U no. in 
compliance with the Conflict of Interest and Post-Employment Code for Public Office Holders shall

G-S 3 No"paitydpSd geavee ’pSSSiMd Sr offereSaty bribe, gift, or inducement to any person nor employee 
an ypereon on“the basis of a commission or contingent fee in relation to obtaining this agreement 
runlpss disclosed to NRC in writing, referring explicitly to this dause).

G-8 4 No person who will receive a direct benefit from this agreement has ever been œnvided o fa Cnming. 
ç 0(fe offence of fraud on the government (s.121), selling or purchasing public office (s.124), or selling

M Qf 6p ah.-S i s rSm a it rih r mm  " ^h African interacts, and nothing provided pursuant to-thie
AWcafrOHfl«n or obtained from- ^ m ^

that is majority owned by-South Afncan interests.-

FORM RD-G (5/93) STANDARD FORM OF NRC LEGAL SERVICES. NOT TO BE ALTERED.
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U-1 kiati ire  OF THF PROJECT By the nature of the Project, the Intellectual Property that may arise is 
difficult to predict, and the 'Parties consider it desirable to defer settling the terms on which it w3 be 
available until the Intellectual Property is known.

APPENDIX U (Uncertain): INTELLECTIJAL PROPERTY

U-2.
U-2.1

U-2.2
U-2.3

U-3.

U-4.

IM.1

U-5.

U-€.

U-7.

U-«.

DEFINITIONS . . , . . . . . . . , .
“Intellectual Property" means all rights to inventions, patents, copynght matenal, trade secrets, 
proprietary information, and the right to control the reproduction and use of living plant or aivmal 
material that has new genetic or other characteristics first produced by a Party. _

’Arising Intellectual Property" means Intellectual Property that is developed in the Project 
"Commercially Exploit" means to use, reproduce and modify Intellectual Property, and to 
manufacture, use, and sell articles embodying of made by use of Intellectual Property.

INVENTIONS By law or contract if an invention is made partly or wholly by employees of either Party, 
the employee's' interest in it is owned by the employer. A Party who is the sole owner of an invention is 
responsible for patenting and licensing of it, but is not obliged by this agreement to obtain protection 
of Intellectual Property nor to share ownership with the other Party. However, a Party who is unwilling 
to obtain protection must diligently and effectively do so if the other Party undertakes to pay all 
reasonable expenses incurred in obtaining the protection.

NO IDINTI V-OWNED PATENTS If inventions arise from joint efforts in the Project of employees of 
the Collaborator and of NRCT~the Parties will try to distinguish different inventions by different 
inventors in order to file separate applications. However, if a patent application does name 
co-inventors from both NRC and the Collaborator, the Collaborator must assign its entire Interest in

^C o llab o ra to r mist give NRC a copy of any patent application for Arising Intellectual Property 
immediately upon filing the application, and a copy of related correspondence with the patent office if 
requested by NRC On confidence, if so stated at the time).

LICENSING NRC'S i m t f i  I FCTtJAL PROPERTY NRC undertakes to negotiate with the Collaborator 
in good faith to settle the terms of a licence which will allow the Collaborator to Commercially Exploit 
the Arisina Intellectual Property, upon request by the Collaborator no later than six months after the 
end'of th e p S W th o ^ fo re d o s in g  any possibility, the Parties agree that the terms will be fair and 
reasonable. If a licence cannot be settled within six months of negotiation, a Party may require that 
the terms be fixed by arbitration, according to the following paragraph.

a r b it r a t io n  o f  LICENCE TERMS If licence terms cannot be agreed by the Parties, a Party may 
require that they be fixed by binding arbitration. No recourse may be had to a court for the purpose 0 
firing licence terms. The aihitration shall be conducted pursuant to the Commercial Arbitration^ ot 
Canada in English, with hearings in Ottawa. The Collaborator and NRC shall jointly appoint a single 
aihHrator familiar with a relevant field of business. The Parties must bear their own costs and musi 
share equally the charges of the arbitrator. The arbitrator shall base the decision on the typica 
commeraal licence for similar Intellectual Property, considenng patenting and other costs before sales 
start the availability of patents and other protection to prevent competition, and the following pnnaple 
the licence should not give more rights than the Collaborator is likely to use within a reasonable time.

I irPNRiNrt; r n i  i a r o r ATOR'S INTELLECTUAL PROPERTY The Collaborator hereby grants tc 
NRC a fully prepaidandiroyalty free licence for all Ansmg Intellectual Property that belongs to the 
Collaborator but only for research purposes within NRC. In addition, the Collaborator undertakes tc 
negotiate with NRC in good faith to settle the terms of a licence which will allow NRC to sub-license 
third Darties to Commerdally Exploit that Arising Intellectual Property in ways that will nc 
unreasonably compete with the business of the Collaborator, but that licence cannot be the subject c
arbitration.
NON-PROJECT TECHNOLOGY This agreement does not grant any rights to Intellectual Propert 
produced or obtained by a' Plrty independently of the Project before or after the Project starts. U  
3arty needs such Intellectual Property to perform woric inthe course of the Project, a licence for the 
imited purpose is granted by this agreement and terminates at the end of the Project, but any olhe 
icence must be negotiated and cannot be arbitrated.
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U-9. CONFIDENTIALITY OF NON-PROJECT INFORMATION Apart from information arising in the Project, 
the Parties desire to minimize their obligations of confidentiality. The Parties will make each 
confidential disclosure in a manner that allows the receiving Party to halt the disclosure and avoid the 
obligation. No information is confidential unless a written form of it Is plainly marked as being 
confidential. Information disclosed verbally or without indications of confidentiality is temporarily 
presumed to be confidential if there are indications that it might be confidential, but that presumption 
ends three months after the disclosure if the receiving party has not received a written version plainly 
asserting confidentiality. Documents marked “return required', or equivalent, will be returned if not 
destroyed. Unless specifically licensed, confidential information may not be used for any commerçai 
purpose.

U-10. CONFIDENTIALITY OF PROJECT INFORMATION Information arising in the Project that is specifically 
deliverable according to the STATEMENT OF WORK AND DELIVERABLES, or is reasonably 
foreseeable to arise as a result of the Project, will be maintained as confidential by both Parties until 
the matter of a possible licence for that information, as Arising Intellectual Property, has been settled, 
but not so as to prevent any patent application permitted by this Agreement Information that is 
licensed will be held confidential by NRC to the extent necessary to give effect to any degree of 
exclusive licence of Arising intellectual Property. In any case, NRC may use that information for 
internal purposes and for developing expertise to serve other clients to the extent possible without 
disclosing the information.

U-11. END OF CONFIDENTIALITY Obligations of confidentiality and restrictions on the use of information 
cease to apply five years after the termination of this agreement They also cease to apply when 
essentially the same information is in the public domain, or was developed by the Party under the 
obligation without relying on the other Party's information, or was received by the Party under 
obligation without any reason to suspect a breach of a third party's obligation. The Access to 
Information Act applies to NRC; certain records have legislated protection.

U-12. PUBLICITY The Parties may publicize the work, to the extent permitted by confidentiality, and in so 
doing will acknowledge each Party's contribution. No Party will publicly suggest that the other Party 
endorses or recommends any product or process or results of the Project

FORM RD-U (4/93) STANDARD FORM OF NRC LEGAL SERVICES. NOT TO BE ALTERED.



Schedule of Payments

9310-JRP
NP-B944

Client's Name: Canadian Wood Council

Account No.:

IRC Contract No.:

Entry Date:

DESCRIPTION: Fire Resistance and Sound Performance of Wood Stud Shear Walls

Inv. # Payment_______ % *_

1 $32,500.00 65% Payable at contract entry 
or before 31 March 1995

2 $17,500.00 35% Payable 1 April 1996

Total $50,000.00 100%

* This is a percentage of the total estimated cost for the contract.

M.R. Fleury 
1995-03-28
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JOINT RESEARCH PROJECT  
ON

FIRE RESISTANCE AND SOUND PERFORM ANCE O F W OOD STUD SHEAR
W ALLS

OBJECTIVE

To examine the impact on the fire and sound resistance caused by applying shear 
bracing to single wood stud walls and to produce a list o f fire and sound resistance 
projections for constructions having a shear membrane in addition to 2 ,3  and 4 layers of 
gypsum board.

BACKGROUND

As a result o f a number o f recent earthquake disasters in North America, Japan, 
and other parts of the world, there has been an increased focus on the design o f buildings 
to resist lateral movement when exposed to high winds or earthquakes. In the case o f 
buildings constructed o f wood frame construction, wood stud shear walls are 
incorporated into the building design to resist these lateral movements.

More so in residential buildings than others, these shear walls typically form the 
critical compartment boundaries within a building o f wood frame construction. Shear 
walls are then required to meet fire resistance and sound transmission performance ratings. 
To date, there is no listing of load bearing wall assemblies that are sound rated, fire rated, 
and provide increased shear resistance. Such a listing o f fire and sound rated shear wall 
constructions is required by the construction industry to provide cost-effective alternatives 
to heavier construction.

PROPOSED SCOPE OF WORK

The intent o f the present study Is to deteriuine the impact o f using wood-based 
structural panels, such as oriented strandboard or plywood, in combination with gypsum 
board on the fixe resistance and sound transmission performance o f load bearing wood 
stud shear walk.

hi the present study, which may be considered to be an initial examination of shear 
walls, only single wood stud constructions w ill be considered. Consortium partners, to 
expand the scope o f the project to include staggered and double wood stud shear walls, 
w ill be explored as this project proceeds.

METHODOLOGY

The objectives o f the project w ill be achieved by the following tasks:

Fire

To develop the necessary experimental data for the fire resistance rating of wood- 
stud shear walls assemblies, four full-scale fire tests will be conducted in accordance with 
CAN/ULC-S101-89 "Standard Method of Eue Endurance Tests o f Building Construction 
and Materials". All four assemblies w ill be subjected to vertical loads. The intensity of
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loading will be determined in consultation with the Canadian Wood Council. Scednc 
details of the test specimens are given in Table i  o f the Appendix. Additional 
thermocouples w ill be installed to collect dam during fire resistance testing which w ill be

A parametric study will provide the basic information necessary to roughly 
characterize the effect that wood-based shear membranes have oa the acoustic 
performance o f gypsum board walls. Table 2 of the Appendix lists the 13 airborne sound 
isolation tests that are suggested as a starting point in determining the effect o f each 
parameter.

Using the results o f this series and those o f a pervious wall study, there will be 
sufficient information to make the projections for many single wood constructions 
having a shear membrane in addition to 2 ,3  or 4  layers o f gypsum board and different 
resilient channel spadngs. The single wood stud constructions of the tentative 1995 
NBCC Table À -9.10J.1 A  will be reviewed and projections o f the sound transmission 
class made, where possible.

DELIVERABLES

A final report that sununariTas the findings from hath the fim and 
studies w ill be prepared. In the fire section o f the report, a summary o f  the results of four 
full-scale fire resistance tests w ill be provided. Contained in the acoustical report, there 
will be a listing o f the constructions tested and the measured STC ratings. Sound isolation 
projections expressed in terms o f STC for the single wood stud constructions having a 
shear membrane in addition to 2 ,3  or 4  layers o f gypsum board w ill also be given.

SCHEDULE

This project is expected to start in April 1995 and will require 12 months for 
OTjpletion o f tests. The final report w ill be delivered 90 days following the completion of

INFORM ATION TRANSFER

Information o f a non-proprietary nature w ill be shared with the e li^ f through 
official correspondence, presentations and malting*

NRCC and the Canadian W ood Council w ill have the right to publish the results of 
this work with appropriate acknowledgements o f the partners, however, no partner may 
publish or use the information, until the Final Report is made available to both partners. 
NRCC will have the right to publish research finding* in peer-reviewed journals and at 
conferences.

After the Final Report is available, NRCC staff w ill work with CWC to transfer the 
information gained to the standards, codes, regulatory officials and the construction 
industry.

used primarily for modelling purposes. 

Acoustics
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RESOURCE REQU

The totaicost o f the project is 579,998. IRC is requesting a 550,000 contribution 
for this joint project from the Canadian Wood Council in addition to the following in-kind 
contributions: 6

• Provide all wood studs, visually graded No. 2 and better (SPF), 38 mm wide by 89 
mm deep by 3.6 m long; all oriented strandboard and plywood needed for this project

• Determine the species, density, moisture content and marhiw» stress rating o f all wood 
studs, in addition to the bending stiffness o f the studs and the wood-based shear
roemhrjiTV»»,

•  Provide analyses o f the (stnictnral) loading requirements for fire resistance tests o f the 
wood stud shear walls.

• Provide design drawings, including fastener spacing, for the shear wall assemblies. 

PROJECT MANAGERS

Dr. V.K.R. Kodur, National Fire Laboratory.
Dr. T.R. Nightingale, Acoustics Laboratory.
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APPENDIX À

GENERAL DESCRIPTION OF TESTS 

Fire

Four full-scale fire tests o f single wood assemblies having a shear membrane are 
proposed to characterize their impact on fire resistance. The construction details and the 
side exposed to the fire are given in Table A l.

Acoustics

A parametric study is proposed to provide basic information necessary to roughly 
characterize the effect that wood-based shear membranes will have on the acoustic 
properties o f gypsum board walls. The parametric study will consider the following 
factors (while assuming that the type o f cavity absorption has little or no impact):

•  Shear membrane type: plywood and OSB.
•  Shear membrane thickness: two thicknesses w ill be considered.
•  Stud spacing: shear membranes are considerably suffer than gypsum wallboaxd and 

will have a different response to stud spacing at 400 and 600 mm centres.
•  Shear membrane fastener spacing: spacing o f these fasteners w ill change the 

behaviour o f the shear membrane, two spacing: to be chosen by the clicnt*.
•  Gypsum board type and thickness: different types and thicknesses o f gypsum board 

should be considered; regular (12.7 mm) and Type X  (12.7 mm and 15.9 mm).
•  Resilient channel spacing: two spaemgs should be considered, 400 and 600 mm on 

centres.

Each specimen w ill have its sound isolation tested in arynrHgn^  with ASTM E90 
and the single number STC rating will be obtained using ASTM E413.
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Table 1. Single woed stud shear wall assemblies suggested for full-scale fire testing 
(actual specimens may change after discussions with client)

T est
N o.

S u d

C avity

dep th
(nun)

Hie S id e U nexpoued S ide

C im ty

fftftVfltfofiO rien ta tion ..... T X ? _____

S p ac in g  o x . 
(m m )

N um ber 
o f  layers B aae  L ay er R ace L ay er

N um ber o f
layers Baao L ay e r Face L ayer

1 R egular W S 4 0 0 89 1 G - 2 O S B * a C A

2 R egular W S 4 0 0 89 2 G O S B * 1 G - C A

3 R egu lar W S 4 0 0 89 1 G - 2 Plyw ood* G C A

4 R egular W S 4 0 0 89 2 G Plyw ood* 1 a - CA

WS: 38 x 89 mm wood studs
CA: Cavity insulation 90 mm thick glass fibre baits
G: Gy psum board, 12.7 mm thick Type X
*: Thickness and fastener spacing for the shear membrane to be chosen by client

It
o>
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Table 2. Single wood stnd «bear wall asaetnblies initially suggested for sound Isolation testing
(actual specimens may change after discussions with client)

I
t

i

W S :4 0 0 « O lc 

X C  400 n s  o*. 
CA: 90 ana baa

2 0 + ac+ w s+ S M + o

W & 4 0 0 a n * c  
R C  4 6 0 m roo£. 
CA: 90 u n t n o  

( k K C tW S tS I H ]

W3 : 4 0 6 o n io c  
RC: «00 w  o c 
CA: 90  r a n  Ia n  

2o « a t > w 3 «U 4 « a

W K tOO a u  n e  
1 C  400 r a n  a t  
CA: W e n t  b u t

2G *«C tW S i$M + 0

W & 4t D a n iM  
R C  600 r a n e e .  
CA: 90 ra n  ben 

2G*RC+W S*SM*fl

W $ :4t 0 n n « «  
R C 6m ran o u e . 

CA: None

2 0 f R O W S tS M tO
Nam* ( 1): G - 12.7 a n  Type X
OS8 A k f a m :  T l 

fa tm en  FSI
(2): 0 - 12.7 u s  ty p e  X

Plywoed tUcfcacwTI 
f a u n a :  RSI

0 ): 0 =12.7 a n  Type X 
(4): 0 * 12.7 b m p  ieg  
(3* 0 - 13.9 r a n  Type X

(1): 0 - 12.7 o n  Type X (3*  G - 12.7 m o  Type X ( 10* G - 12.7 nen Type X ( 11): 0 - 1X 7 r a n  Type X ( 12* G - l 2 7 « a T y j e X

H / tn t t l rU cfaN K T l 
f a u n a :  F32

( f * G - 12.7 m e  Type X

M-- - - »«T ffw » A U m c T I
fa a o o n F S l

0 * 0 - 12.7 « a  T y p e*

12.7 m  Typo X 

■ n w n t o u l
( 13*  0 - 12.7 one

_ a e £ ________________

WS: 38 x 89 nm wood studs
RC: Résiliés! channels, generic
CA: Cavity absorption 90 mm twir beta
O: Gypsum board
SM: Shear membrane
FS1: Fastener spacing #1, most likely to be used in nonnal carutwctkn (to chosen by client)
FS2: Fastener spacing #2, doubledensity compared to PS I (lobe chosen by diem)
Tl: Shear membrane lhickne«#l,awst likely to be used in normal construction (to be chosen by client)
T2: Shear membrane tUcknesa i2  (to be chosen by client)
( ): Priority or relative importance of the case

While not a shear membrane, constructions involving these dements become points of refecence common to both this study arvl the previous 
study of “Sound Transmission Through Gypsum Bnml p
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S E C O N D  P R O G R E S S  R E P O R T  
IN A C O U S T IC S /F IR E  F L O O R  P R O JE C T . 

A C O U S T IC S

O

S U M M A R Y

This report covers the second phase of the acoustics testing. For convenience, some of 
the information given in the first report is repeated here.

The project has been delayed somewhat because of repeated equipment failure. The 
systems for moving the microphones have broken down and been repaired several times. 
Redesign is necessary and once this is complete, the unreliable parts will be replaced. 
Some time was lost in investigating the limits of the laboratory, that is we were trying to 
determine the highest STC and transmission losses we could reliably measure. This is an 
extremely difficult task but it is important to know what those limits are so we can be sure 
that our measurements are not biased because of the facility limits. The highest STC we 
have measured so far is 91 where we have definitely run into the facility limit. Some 
improvements to the rooms are being made with the hope of extending the facility limit; 
these should not entail much delay.

E x p la n a tio n  o f  th e  co d es  u se d  to  id e n tify  m a teria ls .

The materials tested are coded in the tables and figures in this report as follows:

OSB —  oriented strand board 

PLY —  plywood 

WJ —  solid wood joists 

RC —  metal channels 

G —  gypsum board 

CON —  solid concrete 

GFB —  glass fibre batts 

MFB —  mineral fibre batts 

CFS —  cellulose fibre, sprayed on

The numbers following each code represent the dimension of each element measured 
through the floor from top to bottom. Thus 0SB16_GFB152_WJ235_RC13_G16 represents a 
layer of 15.1 mm thick OSB, attached to 38 x 235 mm deep wood joists. The cavity is 
filled with 152 mm of glass fiber batts and the layer of 15.9 mm gypsum board is attached 
to the joists using resilient metal channels. In this coding system thicknesses are rounded
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to the nearest millimetre for convenience. The thickness is the space occupied by the 
element measured along a line through the floor from top to bottom. In most cases, this 
will be the same as the material thickness but not always. For example, the resilient metal 
channels add 13 mm to the overall thickness of the floor but the metal is only 25 Ga.

The single number ratings sound transmission class (STC) and impact insulation class 
(IIC) are higher when the sound insulation is higher. The A-weighted levels are lower 
when the sound insulation is higher.

Table 2 which follows shortly, presents a summary of all the tests in the second phase in 
terms of single number ratings. Some data from the first phase are include to ease 
comparisons. More detailed information can be found in the later parts of the report. 
Table 2 shows the following:

• The sprayed on cellulose fibre, which in this case had a mean thickness of 59 mm, gave 
slightly lower STC and EC ratings than the 65 mm thickness of glass fibre tested 
earlier.

• Lighter weight gypsum board gives lower STC and IIC ratings and higher A-weighted 
levels from the special impactors. As usual, heavier materials tend to give better 
results.

• Approximately the same thing may be said for the tests done with plywood and 
oriented strand board. To simplify comparisons, Table 1 has been prepared. It shows 
that, on average, the lighter plywood gives slightly lower results than OSB.

Table 1: Results fo r  OSB and plywood with basic floor o f38 x 235 mm wood joists,
152 mm o f glass fibre batts and resilient metal channels.

S T C IIC

1 *G 6 2*G16 1‘ G16 2*G16

TOSB16 51 55 46 49

2*OSB16 55 60 47 53

TPLY16 50 55 43 49

2*PLY16 53 58 46 51

1*OSB19 52 46

2*PLY13 51 58 46 53

2
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• To verify that screw tightness was not a significant issue with plywood, the 
experiments performed earlier with OSB were repeated. The same result was found: 
changes associated with changes in screw tightness are not significant.

• Adding resilient metal channels between two layers of gypsum board gives results that 
are much worse than we expected. The STC is reduced by 17 points, the DC by 18 
and the A-weighted impact levels are increased by 5 to 15 dB depending on the 
source.

• Only three joist depths have been measured so far. No very clear trend can be seen 
from the STC and IIC values except to say that the deeper joists gave higher values. 
The trend with the special impactors is slightly more marked.

Floors proposed for the third phase.
For the next phase of the testing, we propose to test those floors that we did not get 
tested during this second phase. We hope that the repairs now underway will allow us to 
get back to our normal testing rate.

3
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T a b le  2 : S u m m a r y  o f  te s ts  in  s e c o n d  p h a s e . X X X  d e n o te s  e le m e n t b e in g  varied .

T L ISO Ball " T  T ire W a lk e r
D escrip tio n T es tID S TC T estID IIC T e s tID A w t T e s tID A w t T e s tID A w t

TLF-95- IIF-95- BBF-95- TYF-95 WMF-95
E ffe c t o f th ick n e s s  an d  typ e  o f fu zz  

0 S B 1 6  W J235  X X X  R C 13  G 16
GFB152 059a 52 017 45 017 75 .6 017 67 .9 017 4 6 .4

GFB65GFB152 061a 53 018 46 018 73 .9 018 67 .7 018 46 .2
GFB65 063a 50 019 45 019 75 .0 019 68 .7 019 47 .9
MFB90 065a 51 020 46 020 71 .6 020 45.1

MFB210 067a 54 021 48 021 76 .6 021 70 .5 021 4 2 .7
GFB90 085a 51 030 45 030 72 .4 030 7 1 .7 030 46 .0

GFB202 089a 53 032 46 032 78 .6 032 7 1 .9 032 45.1
CFS59 143a 49 053 42 053 73 .6 053 76 .6 053 47 .8

E ffec t o f g y p s u m  b o ard  typ e  and  n u m b er o f layers  
O S B 1 6 G F B 1 52  W J235  R C 13 XX X

G16 043a 51 009 46 009 75 .6 009 68 .0 009 46 .3
G16 059a 52 017 45 017 73 .9 017 67 .9 017 46 .4
G16 093a 52 034 46 034 75 .0 034 7 2 .3 034 43 .2

2G16 107a 55 039 49 039 71 .6 039 7 0 .7 039 41 .4
G13 113a 51 040 45 040 7 6 .6 040 7 0 .3 040 46 .5

2G13 115a 56 041 50 041 72 .4 041 68 .6 041 42 .5
G13 1.5 lb/sq.ft 155a 49 059 43 059 78 .6 059 75 .7 059 47 .9

2G13 1.5 lb/sq.ft 157a 54 060 48 060 73 .6 060 71 .5 060 44 .2

4
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Table 2: Summary of tests in second phase. XXX denotes element being varied. (c o n tin u e d )

T L ISO 1 Ball T ire W a lk e r
D escrip tio n T estID STC T estID IIC T e s tID A w t T e s tID A w t T e s tID A w t

TLF-95- IIF-95- BBF-95- TYF-95 WMF-95
E ffec t o f s u b -flo o r m ateria l typ e  and  n u m b er of

layers
X X X  G F B 152  W J 235  R C 13 XX X

OSB16 &G16 121a 51 042 46 042 75 .7 042 70 .2 042 46 .6
OSB16 &2G16 107a 55 039 49 039 7 1 .6 039 70 .7 039 41 .4
20SB16&G16 123a 55 043 47 043 73 .6 043 69.5 043 44 .4

20SB16 &2G16 125a 60 044 53 044 68.1 044 67.5 044 3 9 .7
OSB19&G16 127a 52 045 46 045 75 .5 045 70 .3 45A 49 .0
2PLY13&G16 129a 51 046 46 046 7 5 .6 046 69 .8 45B 5 0 .6

2PLY13 & 2G16 131a 58 047 53 047 69 .9 047 68.1 046 46 .0
PLY16&G16 133a 50 048 43 048 77 .4 048 7 0 .7 047 45 .4

PLY16 &2G16 145a 55 054 49 054 74.1 054 71.1 048 47 .0
2PLY16 &2G16 147a 58 055 51 055 71 .4 055 7 1 .3 054 41 .0
2PLY16&G16 149a 53 056 46 056 75 .3 056 72 .9 056 44 .0

E ffe c t o f p lyw o o d  s c re w  tig h tn ess  
P L Y 1 6  G F B 1 5 2  W J 2 3 5  R C 13  G 16

fully tightened 133a 50 048 43 048 77 .4 048 7 0 .7 048 47 .0
-1/4 turn 135a 50 049 43 049 7 7 .7 049 7 4 .4 049 45 .6
-1/2 turn 137a 50 050 44 050 77 .5 049a 7 1 .7 050 47.7
-3/4 turn 139a 50 051 44 051 77 .5 050 74 .3 051 44 .9
-1 turn 141a 50 052 44 052 7 7 .7 051 7 3 .6 052 46 .6

3
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Table 2: Summary of tests in second phase. XXX denotes element being varied. (c o n tin u e d )

TL ISO Ball T ire W a lk e r
D es c rip tio n T es tID S TC T estID IIC T e s tID A w t T e s tID A w t T e s tID A w t

TLF-95- IIF-95- BBF-95- TYF-95 WMF-95
E ffec t o f re s ilie n t c h a n n e ls  b e tw een  tw o  layers  of 

g y p s u m  board
O S B 1 6  G F B 152  W J235  -X X X

RC13_2G16 107a 55 039 49 039 71 .6 039 70 .7 039 4 1 .4
RC13G16 151a 52 057 46 057 7 5 .4 057 72 .2 057 4 9 .0

G16_RC13_G16 153a 38 058 31 058 80 .2 058 7 4 .4 058 56 .8

E ffec t o f jo is t d ep th  an d  sp ac in g  
O S B 1 6  G F B 152  W JX X X  R C 13 G 16

WJ184 159a 50 061 44 061 7 9 .4 061 7 5 .4 061 53 .4
WJ235 151a 52 057 46 057 75 .4 057 72 .2 057 49 .0
WJ286 215a 52 075 46 075 73 .5 075 7 5 .0 075 44 .3
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D IS C U S S IO N  O F  R E S U L T S .

Types of sound absorbing material.
In the previous report, the STC rating as a function of thickness of sound absorbing 
materials was presented. Those data are presented again in Figure 1 with the point for 
cellulose fibre added. Figure 1 also shows a similar plot for the IIC rating. These plots 
give the general picture. The cellulose fibre results are compared with the results for 
65 mm thick glass fibre in Figure 2. It is evident that the sound insulation is lower in 
almost all frequency bands. This comparison was made because the nominal thickness of 
the cellulose fibre was 60 mm.

Testing the cellulose fibre material takes more time than testing the dry materials does. As 
cellulose fibre is applied wet, it must be allowed to dry for about 30 days.

Fibre thickness, mm
Figure 1 : STC and IIC versus Thickness of fibre, mm.

7
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Frequency, Hz

Figure 2: Transmission loss and impact sound data for two floors, one containing 65 mm 
glass fibre batts and the other with 30 mm cellulose fibre applied to the underside o f  the

floor.
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Table 1 shows that on average and in terms of STC and IIC, plywood is not quite as 
effective as OSB. Sometimes single number ratings are determined by sound insulation 
values at one or two low frequencies. Figure 3 and Figure 4 show that the lower single 
number ratings are due to lower sound insulation at all frequencies.

90

80

m 70 
•o
«  60 o —]
o  50 (/) ff)
Ü 40
c  
2

30 

20 

10

Effect of sub-floor material type and number of layers.

_  1 ' 15mm OSB

IIF-95-042 
^  2* 15mm OSB

IIF-95-043
-j»i— 1 * 19mm OSB 

IIF-95-045
— 2* 13mm PLY

IIF-95-046

1 * 16mm PLY

IIF-95-048 

— 2* 16mm PLY

IIF-95-056

32 63 125 250 500 1k 2k
Frequency, Hz

63 125 250  500 1k 2k 4k
Frequency, Hz

Figure 3: Transmission loss and impact sound data fo r  235 mm wood joist floors with 
single layer o f 15.9 mm gypsum board on resilient metal channels and 152 mm glass

fibre batts in the cavity.

9
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j l  2*15mmOSB

IIF-95-044 
- 0  2 * 13mm PLY

IIF-95-047 

— 1 * 16mm PLY

IIF-95-054

2* 16mm PLY 

IIF-95-055
—• — 1 * 15mm OSB 

IIF-95-039

Figure 4: Transmission loss and impact sound data fo r 235 mm wood joist floors with 
double layers o f  15.9 mm gypsum board on resilient metal channels and 152 mm glass

fibre batts in the cavity.

10
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In the previous report, the effect of screw tightness on the sound insulation was examined 
for OSB. It was found that loosening the screws had no significant effect on the single 
number ratings of sound insulation. To be sure that the same conclusion was valid for 
plywood, the experiment was repeated and the same general result was found; loosening 
the screws had no significant effect on STC and DC. Figure 5 shows the data. It can be 
seen that at the high frequencies, there is an improvement in the airborne sound insulation 
but that this is not the case at low frequencies which, in this case, determine the STC 
rating. No similar trend can be seen with the impact sound insulation data. 11

Effect of plywood screw tightness.

Effect of plywood screw tightness

Figure 5: Transmission loss and impact sound data for a wood joist floor where the 
screws attaching the plywood to the joists were loosened in increments.

11
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Experience shows that increasing the weight of the layers in a double layer wall or floor 
leads to increased sound insulation. In this phase of the project, a lightweight gypsum 
board was used. As expected, this board gave lower values of sound insulation than 
heavier board of the same thickness. Data for single and double layer gypsum board 
ceilings are shown in Figure 6 and Figure 7. There is a shift in the critical frequency from 
2500 to 3150 Hz for the lightweight gypsum board, but this shift has no effect on any of 
the single number ratings.

Effect of gypsum board type and number of layers.

Effect of Gypsum Board Type

Effect of Gypsum Board Type

Figure 6: Effect on Transmission loss and impact sound transmission o f changing the 
weight o f the single layer o f gypsum board.

12
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Effect of Gypsum Board Type

Effect of Gypsum Board Type

Figure 7: Effect on Transmission loss and impact sound transmission o f  changing the 
weight o f  the double layers o f gypsum board

13
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Resilient channels between two layers of gypsum board.
There were two reasons for testing this construction. It was thought that by attaching one 
layer of gypsum board directly to the joists, the fire resistance of the floor might be 
increased. Experience suggested that the sound insulation would be unsatisfactory, so 
tests were needed to confirm this.

The second reason was to provide an unequivocal set of data to demonstrate that this 
construction is acoustically very poor to those people who persist in thinking that it 
provides reasonable sound insulation. The data in Figure 8 show clearly that this 
construction is inferior and that the same materials can be re-arranged to give much better 
sound insulation.

Resilient Channels between

Effect of Resilient Channels between 
Two Layers of Gyspum Board

14
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Effect of Resilient Channels between

Figure 8: The detrimental effects o f placing resilient metal channels between two layers 
o f gypsum board. Basic floor is 16 mm OSB, 240 mm wood joists, 152 mm glass fibre

batts and resilient metal channels.

15
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Only two joist depths have been tested so far in addition to the 240 mm depth that has 
been used for most of the work. Changes in sound insulation are not clearly reflected in 
the single number ratings. There is a clearer trend in the data shown in Figure 9 which 
shows that the deeper joists give better airborne and impact sound insulation.

Effect of joist depth.

Effect of Joist Depth and Spacing

Effect of Joist Depth and Spacing

figure  9: Changes in Transmission loss and impact sound pressure level caused by 
changing the jo ist depth. Basic floor is 16 mm OSB, wood joists, 152 mm glass fibre 

batts, resilient metal channels and 1 layer o f  15.9 mm gypsum board.

The increased joist depth also gives an improvement in the impact sound insulation against 
the ball and the tire machine. Below about 50 Hz, there seems little difference, but for the

16

VI-28



2nd Report, February 1996.

ball there is a clear trend in the frequency range from 63 to 200 Hz. Differences with the 
tire are less marked. Below 50 Hz, the room response may be more important than the 
characteristics of the floor. This is a topic for further research.

Effect of Joist Depth and Spacing

Effect of Joist Depth and Spacing

Figure 10: Changes in ball (left) and Tire (right) impact sound pressure level caused by 
changing the jo ist depth. Basic floor is 16 mm OSB, wood joists, 152 mm glass fibre  

batts, resilient metal channels and 1 layer o f  15.9 mm gypsum board

17
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Effects of Impacts from Tire machine.
One concern, based on old data from the M27 floor facility, was that the rather severe 
impacts from the tire machine might change the sound insulation of the floors. To check 
this, airborne transmission loss was measured before the tire and other impact tests were 
run and after. Figure 11 shows that there were no changes in airborne transmission loss 
caused by the tire machine for this floor.

Figure 11: Transmission loss measured before and after pounding a floor with the tire
machine.

18
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M A T E R IA L  IN F O R M A T IO N  A N D  C O N S T R U C T IO N  D E T A IL S .

OSB 15.1 mm thick, surface weight = 8.8 kg/m2 
OSB 19 mm thick, surface weight = kg/m2

Plywood 15.1 mm thick, surface weight = 7.1 kg/m2 
Plywood 13 mm thick, surface weight = 5.7 kg/m2

38 mm x 235 mm wood joists, density = 401 kg/m3 
38 mm x 2 mm wood joists, density = 390 kg/'m3 
38 mm x 2 mm wood joists, density = 404 kg/m3
wood furring strips and cross-bracing, nominally 1" x 3" actually 19 x 64 mm

65 mm thick glass fibre, 10.8 kg/m3 
89 mm thick R12 glass fibre. 10.6 kg/m3 
152 mm thick R20 glass fibre, 11.1 kg/m3 
202 mm thick R28 glass fibre. 13 kg/m3

89 mm thick R13 mineral fibre, 28.3 kg/m3 
210 mm thick R32 mineral fibre, 36 kg/m3

30 mm cellulose fibre, 52 kg/m3 (3 to 89 mm thick)

resilient metal channels 13 mm deep 25 Ga.

15.9 mm thick Type X gypsum board, surface weight =11.3 kg/m2
12.7 mm thick Type C gypsum board, surface weight = 9.1 kg/m2
12.7 mm thick 1500 gypsum board, surface weight = 7.4 kg/m2

19
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Update to
First Progress Report 

on Acoustics/Fire Floor project. 
Acoustics

Since the first report was sent to members of the consortium, several other tests have been 
carried out. These are summarised below in Table 2 and then some more detailed analysis 
follows.

Table 2 shows the following:

• Standard OSB does not leak significantly. A measurement with the joints between 
sheets of OSB caulked was made to check the possibility' that it might be leaking. The 
tongues and grooves did not appear to be fitting very well.

•  There was little difference when a single layer of 12.7 mm gypsum board was use 
the basic floor instead of a single layer of 15.9 mm board. The 12.7 mm board gave 
only slightly less sound insulation when the one-third octave band levels were 
examined.

• Adding a second layer of 15.9 mm gypsum board to the basic floor increased the STC 
by 4 points and I3C by 3 points. The other impact ratings also improved.

• The results for the basic floor with 2 layers of 12.7 mm gypsum board were about the 
same as those for the floor with 2 layers of 15.9 mm gypsum board.

The information for single and double layers of gypsum board and single and double 
layers of OSB and plywood will be useful for modeling studies.
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Table 2: Additional results

TL ISO Ball Tire Walker

TestID STC TestID IIC TestID TIC Awt TestID TIC Awt TestID TIC Awt

Coded Description
TLF-95 IIF-95 BBF-

95-
TYF-
95-

WMF-
95-

Single layer tests

OSB16WJ235 No caulk 101a 24 038 20

OSB16_WJ235 Caulk 111a 24

W J235 RC13_G 16 103a 29

WJ235_RC13_2G16 105a 35

Effect of gypsum board type and 
number of layers

OSB16G FB152W J235 RC13_G 16 1*G16 043a 51 009 46 009 32 75.6 009 40 68.0 009 68 46.3

OSB16_GFB152_WJ235_RC13_G16 1*G16 059a 52 017 45 017 36 73.9 017 44 67.9 017 68 46.4

OSB16_GFB152_WJ235_RC13_G16 1*G16 093a 52 034 46 034 34 75.0 034 38 72.3 034 73 43.2

OSB16_GFB152WJ235 RC13_2G 16 2*G16 107a 55 039 49 039 36 71.6 039 45 70.7 039 74 41.4

OSB16GFB152_WJ235_RC 13_G 13 1*G13 113a 51 040 45 040 32 76.6 040 42 70.3 040 70 46.5

OSB16_GFB152_WJ235_RC 13_2G 13 2*G13 115a 56 041 50 041 36 72.4 041 44 68.6 041 75 42.5

2
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Effect of gypsum board type and number of layers.
Four gypsum board combinations have been tested so far. Single layers of 15.9 and 12.7 
mm board and double layers of the same thicknesses. There are some small differences to 
be seen in the 1/3 octave band plots but the single number ratings are about the same. 
There is not much to be gained by using 15.9 mm board instead of 12.7 mm board.

Effect of Gypsum Board Type

Figure 1: TL for the basic floor with single and double layers of 12.7 and 15.9 mm gypsum
board.

3
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Single layers of 15.9 mm gypsum board
TL data on single layers of gypsum board supported on resilient metal channels will be 
collected for modeling purposes. The data for 1 and 2 layers of 15.9 mm gypsum board 
are shown below. 4

Figure 2: TL for single and double layers of 15.9 mm gypsum board suspended from
resilient metal channels.

4
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Single layers of OSB
Data on single and double layers of OSB and plywood alone attached to the joists will be 
collected for modeling purposes. The data for a single layer of 15.1 mm OSB are shown 
below. The data show clearly that the tongue and groove system provides an adequate 
seal.

Figure 3: TL data for.a single layer of 15 mm OSB. 

Single layer of 15.1 mm OSB

Figure 4: Normalized impact sound pressure level for a single layer of 15 mm OSB.

5
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Results of Small-sale Fire Tests (Series IS)

Summary

1. Small-scale assembly with plywood subfloor provided a better fire resistance 
performance than the assembly with OSB subfloor.

2. Glass fibre insulation thickness did not play a significant role in the fire resistance 
performance of small-scale floor assemblies.

3. Glass, mineral and cellulose fibre insulations provided an increase in the fire 
resistance performance of 44%, 64% and 104%, respectively compared to a non- 
insulated small-scale floor assembly.

Test Results

The small-scale fire resistance test results for Series IS are presented in Table 1. 
Assemblies SF-01 to SF-06 failed on single temperature rise, 180°C above the ambient 
temperature, while assembly SF-07 failed on average temperature rise 140°C above the 
ambient temperature.

Effect of Subfloor Type

Tests SF-01 (OSB subfloor) and SF-02 (plywood subfloor) were conducted to 
investigate the effect of subfloor type on the fire resistance performance of small-scale 
assemblies. These assemblies were constructed without insulation in the floor cavity.
The temperature distributions on the gypsum board and subfloor surfaces facing the floor 
cavity, on the side of wood joist and on the unexposed surface are presented in Figure 1. 
This Figure shows that, the gypsum board joint, at the centre of the assembly, is fully 
open at 18 min. The temperature of the gypsum board ceiling finish and the subfloor 
surfaces were higher in the assembly with OSB subfloor than the assembly with plywood 
subfloor.

The temperature failure criterion was reached at 45 min for Test SF-01 and at 55 
min for test SF-02. These results suggest that, an assembly with OSB subfloor has a 
lower fire resistance performance than assembly with plywood subfloor. Therefore, OSB 
was used in Tests SF-03 to SF-07.

Effect of Glass Fibre Insulation Thickness

Tests SF-03 (90 mm), SF-04 (180 mm) and SF-05 (270 mm) were conducted to 
investigate the effect of glass fibre insulation thickness in floor cavity on the fire 
resistance performance of small-scale assemblies. In these tests, the temperature was also 
measured inside the wood joist at 63 mm and 90 mm from the exposed surface. The 
temperature distributions on the gypsum board and subfloor surfaces facing the floor 
cavity, on the side of the wood joist, on the inside of wood joist and on the unexposed
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surface are presented in Figures 2 and 3. These Figures show that the insulation thickness 
did affect the temperature distribution on the gypsum board and on the subfloor surfaces 
facing the floor cavity. However, the overall effect on the fire resistance was minimal.

The temperature failure criterion was reached at 65 min for Test SF-03, at 66 min 
for Test SF-04 and at 64 min for Test SF-05. These results suggest that, the effect of the 
glass fibre insulation thickness on the fire resistance performance of small-scale 
assemblies was insignificant.

Effect of Insulation Type

Tests SF-03 (glass fibre 90 mm), SF-06 (cellulose fibre sprayed wet on the 
subfloor, 76 mm, as well as on the side of the wood joists, 48 mm) and SF-07 (mineral 
fibre 90 mm) were conducted to investigate the effect of the insulation type on the fire 
resistance performance of small-scale assemblies. The temperature distributions on the 
gypsum board and subfloor surfaces facing the floor cavity, on the side of the wood joist, 
on the inside of the wood joist and on the unexposed surface are presented in Figures 4 
and 5. These figures show that, during the first 55 min the assembly with cellulose fibre 
insulation has a lower temperature distribution than the assembly with glass or mineral 
fibre insulation. Also, the assembly with mineral fibre insulation provided a lower 
temperature distribution than the assembly with glass fibre insulation.

The temperature failure criterion was reached at 65 min for Test SF-03. at 
92 min for Test SF-06 and at 74 min for Test SF-07. These results suggest that, glass, 
mineral and cellulose fibre insulations provided an increase of 44%, 64% and 104% in 
the fire resistance performance, respectively compared to a non-insulated assembly. It 
should be noted that, these assemblies were unloaded small-scale assemblies.
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Table 1. Small-Scale Wood Joist Floor Fire Test Assemblies (Series IS)

A s s e m b ly

N u m b e r

J o is t C e ilin g  F in is h S u b -F lo o r C a v ity  In su la tio n R e s ilie n t C h a n n e ls F lo o r  T o p p in g W o o d F u rrin g P o in t

F a ilu re

(m in )

A v e ra g e

F a ilu re

(m in )
T y p e D ep th S p a c in g T y p e T h ic k Lay e rs T y p e T h ic k T y p e T h ic k L o ca tio n O rie n t. S p a c in g

(m m )

T y p e T h ic k

(m m )

S p a c in g

(m m )

T h ic k

(m m )(m m ) (m n i) (m m ) (m m ) (m m )

S F -0 1 WJ 240 400 X 15.9 1 OSB 15.9 ... ... ... Per 400 ... ... 45 45

S F -0 2 WJ 240 400 X 15.9 1 PLY 15.9 ... ... ... Per 400
... 55 55

S F -0 3 WJ 240 400 X 15.9 1 OSB 15.9 G1 90 B Per 400
... ... 65 66

S F -0 4 WJ 240 400 X 15.9 1 OSB 15.9 G1 180 B Per 400
... ... 66 70

S F -0 5 WJ 240 400 X 15.9 1 OSB 15.9 G1 270 full Per 400 ... ... 64 ...

S F -0 6 W J 240 400 X 15.9 1 OSB 15.9 Cl 76 T Per 400 ... ... 92 94

S F -0 7 WJ 240 400 X 15.9 1 OSB 15.9 Ml 90 B Per 400 ... 76 74

Per - Perpendicular to Wood Joists 

X - Type X

G! - Glass Fibre Insulation Batts

C l - Cellulosic Fibre Insulation (wet sprayed) 

Ml - Mineral Fibre Insulation Batts 

WJ - Wood Joist

OSB - Oriented Strandboard 

Ply - Plywood 

B - Bottom of Floor Cavity 

T - Top ot Floor Cavity 

• " -N u ll Value
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F IR S T  P R O G R E S S  R E P O R T  
O N  A C O U S T IC S /F IR E  F L O O R  P R O J E C T . 

A C O U S T IC S

S U M M A R Y

On 9th September, 1995 37 floor systems had been tested. With one exception, the 
150 mm concrete slab, the same basic construction has been used in each case:

• 15 mm oriented strand board

• 240 mm solid wood joists, 400 mm o.c.

• 13 mm resilient metal channels

• 15.9 mm gypsum board.
In some cases the resilient metal channels were omitted or replaced with other furring. 
The type, thickness and position of sound absorbing material in the cavity' was varied.

The table following presents a summary of all the tests so far in terms of single number 
ratings. More detailed information can be found in the later parts of the report. The 
materials tested are coded in the tables as follows:

OSB —  oriented strand board 

WJ —  solid wood joists 

RC —  metal channels 

G —  gypsum board 

CON —  solid concrete 

GFB —  glass fibre batts 

MFB —  mineral fibre batts

The numbers following each code represent the dimension of each element measured 
through the floor from top to bottom. Thus OSB 16_GFB152_WJ235_RC13_G16 represents a 
layer of 15.1 mm thick OSB. attached to 38 x 235 mm deep wood joists. The cavity is 
filled with 152 mm of glass fiber batts and the layer of 15.9 mm gypsum board is attached 
to the joists using resilient metal channels. In this coding system thicknesses are rounded 
to the nearest mm for convenience. The thickness is the space occupied by the element 
measured along a line through the floor from top to bottom. In most cases, this will be the 
same as the material thickness but not always. For example, the resilient metal channels 
add 13 mm to the overall thickness of the floor but the metal is only 25 ga. 1

1
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The single number ratings sound transmission class (STC) impact insulation class (IIC),
and Tire Insulation Class (TIC)1 are higher when the sound insulation is higher. The A-
weighted levels are lower when the sound insulation is higher.

Table 1 shows the following

• Changing the joist length had no effect on the sound transmission.

• The tightness of the screws attaching the OSB had no effect on the sound 
transmission.

• Increasing the number of screws attaching the OSB by a factor of four had no effect 
on the sound transmission.

• Attaching the OSB using glue and nails gave the same results as when it was attached 
using screws.

• Only two types of sound absorbing material have been tested so far. These are glass 
fiber batts and mineral fiber batts. The STC and IIC ratings were essentially identical 
but when the batts had a thickness of around 200 mm, the mineral fiber batts gave 
slightly higher single number ratings. The mineral fiber batts seem to be slightly better 
than the glass fiber batts.

• There were no significant effects when the 152 mm glass fiber batts were moved to 
three different positions in the floor cavity.

• Best results were obtained when the resilient metal channels were 600 mm apart. 
Closer spacings gave lower sound insulation.

• 22 mm deep U-channels gave about the same results as 19 x 64 mm wood furring.
Both were inferior to the resilient metal channels.

• There was no significant difference between a floor constructed using cross-bracing 
and one using wood strapping.

• Floors without resilient metal channels were significantly inferior to those with resilient 
metal channels. Adding sound absorbing material to such floors gave little 
improvement, as expected.

• The 150 mm slab of concrete has an STC rating about the same as the better wood 
joist floors tested. Its IIC rating is very poor, however. The impact levels generated 1 2

1 TIC is an experimental single number rating that is not standardized. It will probably need further 
refining if it is to be standardized at all.

2
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by the ball and tire are significantly lower on the concrete floor than on the wood joist 
floors.

3
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Table l : Summary o f tests
TL ISO Ball T ire W a lker

T estID STC TestID IIC TestID TIC Aw t T estID T IC A w t T estID T IC Aw t

C oded  D escrip tion

TLF-
95-

IIF-95- BBF-
95-

TYF-
95-

WMF-
95-

CON 150 025a 54 004 27 004 49 62.3 004 62 53.2 004 67 44.3

E ffec ts  o f jo is t lenqth Jo is t Length
OSB16 GFB152 WJ235 RC13 G16 4.85 035a 51 005 44 005 36 73.9 005 39 68.6 005 68 45.7

OSB16 GFB152 WJ235 RC13 G16 4.34 037a 52 006 46 006 37 71.6 006 44 66.1 006 72 46.9
OSB16 GFB152 WJ235 RC13 G16 3.45 039a 51 007 46 007 35 74.6 007 40 67.7 007 69 45.6
OSB16 GFB152 WJ235 RC13 G16 2.92 041a 51 008 46 008 36 74.2 008 41 67.6 008 68 45.8

E ffects  o f screw  tiqh tn ess
OSB16 GFB152 WJ235 RC13 G16 fully tightened 043a 51 009 46 009 32 75.6 009 40 68.0 009 68 46.3
OSB16 GFB152 WJ235 RC13 G16 -1/4 turn 045a 50 010 46 010 32 76.5 010 42 67.4 010 68 47.0
OSB16 GFB152 WJ235 RC13 G16 -1/2 turn 047a 50 011 45 011 32 75.6 011 41 67.1 011 65 47.4
OSB16 GFB152 WJ235 RC13 G16 -3/4 turn 049a 50 012 45 012 32 76.0 012 40 67.9 012 67 46.5
OSB16 GFB152 WJ235 RC13 G16 -1 turn 051a 51 013 45 013 33 75.6 013 40 69.0 013 67 45.5

E ffec t o f n u m b er o f screw s Screw separation*
OSB16 GFB152 WJ235 RC13 G16 150 & 300 mm 043a 51 009

014
46 009 32 75.6 009 40 68.0 009 68 46.3

OSB16 GFB152 WJ235 RC13 G16 75 & 150 mm 053a 50 46 014 33 76.5 014 39 68.4 014 70 45.2
OSB16 GFB152 WJ235 RC13 G16 38 & 75 mm 055a 50 015 46 015 31 77.3 015A 39 71.5 015 70 45.3

G lu ed  and  nailed
OSB16 GFB152 WJ235 RC13 G16 057a 51 016 46 016 32 76.3 016 42 67.6 016 72 42.8

T ypes o f fu zz
OSB16_GFB 152_WJ235_RC 13_G 16 152 mm glass 

fiber
059a 52 017 45 017 36 73.9 017 44 67.9 017 68 46.4

OSB16 GFB65 GFB152 WJ235 RC13 
G16

217 mm glass 
fiber

061a 53 018 46 018 36 73.7 018 43 67.7 018 74 46.2

OSB16 GFB65 WJ235 RC13 G16 65 mm glass fiber 063a 50 019 45 019 37 73.3 019 43 68.7 019 67 47.9
OSB16_MFB90_WJ235_RC13_G16 90 mm mineral 

fiber
065a 51 020 46 020 37 73.0 020 69 45.1

OSB 16_MFB210_WJ235_RC 13_G 16 210 mm mineral 
fiber

067a 54 021 48 021 38 72.2 021 42 70.5 021 73 42.7

OSB 16 GFB90 WJ235 RC13 G16 90 mm glass fiber 085a 51 030 45 030 36 73.4 030 41 71.7 030 68 46.0
OSB 16_GFB202_WJ235__RC13_G 16 202 mm glass 

fiber
089a 53 032 46 032 36 73.6 032 40 71.9 032 71 45.1

2 The first number is the spacing in the field, the second is the spacing around the peiimeter.
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Table 1 : Summary o f Tests ( cont.)

TL ISO Ball T ire W a lker

TestID STC TestID IIC TestID TIC Awt T estID TIC Awt T estID TIC Aw t

C oded D escrip tion

TLF-
95-

IIF-95- BBF-
95-

TYF-
95-

WMF-
95-

E ffec t o f position  of fuzz
OSB16 GFB152 WJ235 RC13 G16 bottom 043a 51 009 46 009 32 75.6 009 40 68.0 009 68 46.3

OSB16 GFB152 WJ235 RC13 G16 Centre 069a 51 022 45 022 32 75.5 022 38 71.6 022 69 45.4

OSB16 GFB152 WJ235 RC13 G16 top 071a 52 023 45 023 31 76.6 023 37 72.5 023 71 46.2

E ffect o f sp acin g  of w o o d  fu rrin g  and  
m eta l ch ann e ls

OSB16 GFB152 WJ235 G16 no channels 073a 34 024 30 024 27 82.4 024 35 76.5 024 51 59.5

OSB16 GFB152 WJ235 RC13 G16 RC 400 mm oc 075a 50 025 42 025 27 79.3 025 37 71.1 025 69 44.5

OSB16 GFB152 WJ235 RC13 G16 RC 200 mm oc 077a 47 026 40 026 24 82.3 026 36 72.2 026 66 47.7

OSB16 GFB152 WJ235 RC13 G16 RC 300 mm oc 079a 49 027 42 027 24 82.3 027 35 72.9 027 66 47.2

OSB16J3FB152JA/J235JJC22_G 16 22 mm U 
channels, 600 mm 

oc

081a 43 028 36 028 28 80.6 028 34 76.3 028 60 52.9

OSB16_GFB 152_WJ235_WFUR19_G 16 19x64 wood 
furring 600 mm 

o.c

083a 42 029 35 029 24 84.1 029 38 72.7 029 59 53.1

OSB 16 GFB152 WJ235 WFUR19 RC13 
_G16

19x64 wood 
furring and RC 

600 mm o.c

087a 52 031 45 031 36 73.1 031 45 69.4 031 70 44.5

OSB16 GFB152 WJ235 WFUR19 RC13 
_G 16

19x64 wood 
furring and RC 
600 mm o.c, no 
cross-bracinq

091a 52 033 45 033 33 74.5 033 45 70.2 033 71 44.8

R eferen ce  floors
OSB 16 GFB152 WJ235 RC13 G16 093a 52 034 46 034 34 75.0 034 38 72.3 034 73 43.2

OSB16 WJ235 G16 095a 33 035 28 035 30 83.2 035 34 77.0 035 48 62.6

OSB16 GFB152 WJ235 G16 no channels 073a 34 024 30 024 27 82.4 024 35 76.5 024 51 59.5
OSB16_WJ235_WFUR19_G16 19x64mm furring 

600 oc
097a 39 036 32 036 25 84.1 036 36 75.1 036 56 57.0

OSB 16_GFB 152_WJ235_WFUR 19 J 3 16 19x64mm furring 
600 oc

099a 42 037 35 037 28 81.6 037 39 72.8 037A 58 54.8
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T E S T  P R O C E D U R E S

Four test methods are being used on all floor systems to evaluate their effectiveness as 
acoustical barriers. These test rooms and the methods are described briefly below.

M59 test facility.
Both rooms have volumes of about 175 m3. The bottom room is of 30 cm thick-poured 
concrete and is supported on steel springs and neoprene placed under the floor. The 
upper room is constructed from steel studs and layers of panicle board. It is supponed on 
steel columns which in turn rest on steel spring and neoprene supports. The wheeled 
frame for specimens, one of two, is of poured concrete. It can be moved in and out of the 
slot between the rooms and lifted by a crane to a storage area or to the floor of the main 
laboratory. The floor specimen opening measures 3.8 x 4.7 m. The gaps between the 
chambers and the edges of the movable frame are sealed with inflatable gaskets. To 
reduce transmission around or through the frame, shields are place over the exposed parts 
of the frame after the frame and specimen are installed between the rooms.

In each room a microphone is mounted at the end of a scissors-jack arrangement that is 
attached to a boom that turns about an axis near the middle of the ceiling. The scissors- 
jack moves along the boom and lowers and raises the microphone. The microphone 
position is set by stepping motors and, at present, we use nine microphone positions in 
each room.

ASTM E90
This is the standard method used to evaluate the transmission of airborne sound through 
building elements. Sound is generated in one room using four loudspeaker systems, each 
with its own noise generator and amplifier. Microphones in each room measure the sound 
pressure levels and sound decay rates at frequencies from 50 to 6300 Hz. The 
information collected is used to calculate sound transmission loss (TL) and sound 
transmission class (STC). Measurements are made with each room in turn serving as the 
source room.

ASTM E492
This is the standard method for evaluating the transmission of impact sound through 
floors. A standardized tapping machine which includes 5 steel-faced hammers is placed on 
the floor under test in four specified positions. The hammers are driven by a motor so 
they impact the floor surface twice per second each for a total rate of 10 impacts per 
second. Sound pressure levels are and decay rates measured in the room below. 
Measurements are made from 25 to 6300 Hz. The information collected is used to 
calculate the normalized impact sound pressure level and the impact insulation class 
(HC).

6
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Walker3
There is no standard test specifying how to measure the sound pressure levels generated 
by a person walking on a floor. Several years ago in ASTM committee E33 a single 
microphone measurement technique was proposed and was adopted for use in this 
laboratory. A single microphone is placed 1 m below the mid-point of the ceiling and the 
room below is made much less reverberant by placing sound absorbing material in it.
The same microphone technique is used for measuring walker, ball and tire levels.

Two members of the section have been designated as standard walkers. Both are male, 
large and heavy and generate about the same sound pressure levels when they walk on a 
floor. The walker walks for about 3 minutes while the computer collects maximum sound 
levels for each 100 footsteps using a 35 ms time constant.

Black Ball
The ball used in these measurements was developed by H. Tachibana as part of his 
research. The ball is 180 mm in diameter and weighs 2.5 kg. It is dropped from a height 
of 900 mm. The force generated is sufficiently repeatable that only 15 impulses need be 
averaged.

Tire Machine
The Japanese measurement standard JIS1418. specifies a heavy impactor source for 
evaluating floor constructions. It consists of an automobile tire mounted on an arm 
attached to motor. The motor lifts the tire and then, utilizes cams to drop the tire freely 
on the floor. The cam system prevents the tire from striking the floor again until it has 
been lifted to the correct drop height. JIS 1418 specifies many drop positions for the tire 
and several microphone positions. Earlier research with this machine showed that only a 
few positions of the tire were necessary. The single microphone position is also 
considered adequate for comparison of floors tested within a single laboratory.

3 For the walker, tire and ball tests, the experimental TIC rating is used as well as the maximum A- 
weighted level.

7
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Some theoretical considerations and experimental data suggested that the length of the 
joists in a floor would have a highly significant effect on the measured sound pressure 
level. To test this hypothesis a special movable concrete support was constructed that 
would allow the test frame to support wood-joist floors with different joist lengths. This 
device is sketched in Figure 1 and Figure 2. The filler section shown in Figure 2 held 
pieces of a 150 mm thick concrete slab, sound absorbing material and gypsum board so 
sound transmission through this section was negligible.

EFFECTS OF JOIST LENGTH

Test Movable End view
Frame section of movable

section

Figure 1: The movable support used to change the floor size by supporting different joist
lengths.

Movable supportTest Frame

Filler section

Figure 2: Illustration o f the use o f  the movable concrete support when 
testing floors with different jo ist lengths.

8
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Construction tested.
The basic construction tested consisted of a layer of 15.1 mm thick OSB screwed 150 mm 
oc. around the edges and 300 mm oc. in the field. It was applied with the long axis 
perpendicular to the joists. The joists measured 38 x 235 x 4851 mm and were 400 mm 
oc. Two sets of 19 x 64 mm cross bracing were installed between the joists 1617 mm from 
each edge of the floor. 13 mm deep resilient metal channels were screwed 600 mm oc. 
perpendicular to the joists. W-estrec Fiiebuard 15.9 mm thick Type X gypsum board was 
applied with the long axis perpendicular t© the resilient metal channels and screwed 
300 mm oc. A layer of R20 glass fiber batfcs 152 mm thick was placed in the joist cavities.
All joints were caulked and taped. " 5 ^  x A - C
The floor was first constructed to completely fill the test frame with joists measuring 
4.85 m. Part of the OSB layer and the gypsum board were then removed at one end and 
the joists cut to the new length. The movable support was inserted, the floor repaired and 
the filler section constructed and sealed. This process was repeated for joist lengths of 
4.34, 3.45 and 2.92 m. The results are shown in the Figures that follow. The case where 
the joist length was 3.92 m is for a full-size floor with the joists perpendicular to the long 
axis of the specimen frame. This is the normal way of orienting joists or trusses. It was 
surprising that there was so little change in the results when the joist length ranged from 
2.92 to 4.85 m, but the data are clear.

Transmission Loss Results

Figure 3: TL fo r  5 floors with different jo ist lengths. All had 
STC 51 except fo r  the 4.34 m case which gave STC 52.

9
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Tapping machine results.
Different joist lengths but same 

construction

Figure 4: Normalized, impact sound pressure level fo r  floors with different joist lengths. 
All floors have and IIC o f 46 except fo r  IIF95005 which has an IIC  o f 44.

Ball results.
Different joist length but same 

construction

Figure 5: Maximum Impulse sound levels generated by the ball on 5 floors with different
jo ist lengths.

10
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Tire results.
Different Joist Lengths but Same 

Construction

Figure 6: Maximum Impulse sound levels generated by the Tire machine on 5 floors with
different jo ist lengths.

Walker results.
Different Joist Lengths but

Figure 7: Maximum Impulse sound levels generated by the walker on 5 floors with
different jo ist lengths.

11
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One issue that was addressed was the possibility of changes in sound reduction caused by 
changes in the tightness of the screws attaching the sub-floor to the joists. Changes in 
tightness could be caused by changes in the moisture content of the wood, or by variations 
in workmanship. To test the significance of screw tightness, a floor was constructed with 
screws tightened normally and then loosened in 1/4 turn increments until they had been 
loosened by 1 full turn. Measurements were made at each stage.

EFFECTS OF SCREW TIGHTNESS

Effect of Screw Tightness

Figure 8: Effect o f  loosening screws on TL.

Effect of screw tightness

Figure 9: Effect o f  loosening screws on impact sound pressure level.

12
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There were no significant differences in the STC or the IIC ratings. But, as Figure 8 and 
Figure 9 show, there were differences in the transmitted sound energy at the higher 
frequencies; as the screws were loosened, less sound was transmitted. This trend is fairly 
clear in the TL results but not so clear in the EC results. The data for the tire and the ball 
were virtually identical in all cases. The data for the walker showed more scatter but were 
still very close; walker results are expected to show more variation since the process is 
more random.

13
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E F F E C T  O F  N U M B E R  O F  S C R E W S  A T T A C H IN G  O S B  A N D  C O M P A R IS O N  
W IT H  G L U E  A N D  N A IL S .

This variable was examined in case there might be a difference between screwing the OSB 
to the joists and attaching it with glue and nails. The idea was that with more screws the 
two systems might become equivalent. Being able to use screws greatly simplifies changes 
to constructions and testing.

Screws and Glue/Nails with OSB

Figure 10: TL fo r  OSB attached with different screw patterns and attached by nailing
and gluing.

Screws vs. Giue/nails with OSB

Figure 11: Normalized ISPL fo r  OSB attached with different screw patterns and attached
by nailing and gluing.
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The curves shown in Figure 10 have STC ratings of 51,50, 50 and 51; they are essentially 
identical. The curves in Figure 11 all have IIC ratings of 46. In the figures, the first 
distance in mm is the screw spacing in the field, the second is the spacing around the 
perimeter.

There were no significant differences for the other impact tests either. The conclusion that 
may be drawn from this is that normal application of screws is equivalent to gluing and 
nailing as far as sound transmission is concerned.

15
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To test the effect of moving the sound absorbing material inside the floor cavity, the 
152 mm thick glass fiber batts were placed at the bottom, in the middle and at the top of 
the cavity. As expected, changing the position did not change the results. Only the TL 
data are shown. These can be seen in Figure 12.

EFFECT OF POSITION OF SOUND ABSORBING MATERIAL

152mm Glass Fibre in Different 
Positions of the Joist Cavity

Figure 12: Effect o f  position o f  glass fiber batts in the cavity.
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Five thicknesses of glass fibre were tested in the basic floor: 65, 90, 152, 202, and 
217 mm. Figure 13 shows that the TL curves were generally of the same shape but 
between 125 and 1250 Hz the sound transmission loss increased as the thickness of the 
glass fiber batts increased. Figure 14 shows the variations in STC and at three frequencies.

EFFECT OF THICKNESS OF SOUND ABSORBING MATERIAL.

Different Thicknesses of Glass Fibre

Figure 13: Sound transmission loss fo r  different thicknesses o f  glass fiber batts.
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Figure 14: Effects o f  different thicknesses o f  glass fibre on airborne sound transmission. 
Circles in STC plot are fo r  mineral fibre batts.
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Figure 14(cont.): Effects o f different thicknesses o f glass fibre on airborne sound
transmission.
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The two circular symbols in Figure 14 in the STC plot are for mineral fibre batts. This 
plot might suggest that there is little difference between the two types of fibre. Closer 
examination of the data in Figure 15 and Figure 16 shows that the mineral fibre is 
consistently better above about 500 Hz.

EFFECT OF TYPE OF SOUND ABSORBING MATERIAL.

Comparison of glass fibre with mineral 
fibre Insulation

Figure 15: Glass vs. Mineral fibre, 90 mm thickness

Comparison of glass fibre with mineral 
fibre Insulation

Figure 16: Glass vs. Mineral fibre, about 205 mm thickness.
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In the wall project, better results were obtained when resilient metal channels were spaced 
further apart. The same trends were found here. Channels on 200 mm centers gave an 
STC of 47. Those on 600 mm centers gave an STC of 52. Results can be seen in Figure 
17 and Figure 18.

EFFECT OF SPACING OF RESILIENT METAL CHANNELS

Spacing of Resilient Channels

Figure 17: Effect o f  different spacing s fo r  resilient metal channels. The STC values were 
600 mm —  52, 400 mm —  50, 300 mm —  49, 200 mm —  47.

Spacing of Resilient Channels

Figure 18: Effect o f  different spacings fo r  resilient metal channels. The IIC  values were 
600 mm —  45, 400 mm —  42, 300 mm —  42, 200 mm —  40.
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C O M P A R IS O N  O F  U -C H A N N E L S , W O O D  F U R R IN G , R E S IL IE N T  M E T A L  
C H A N N E L S  A N D  D IR E C T  C O N T A C T .

In three of the floors, the gypsum board was attached using resilient metal channels,
22 mm deep U-channels, and nominal 25 mm thick wood furring 600 mm o.c. In another it 
was attached directly to the joists. As expected, the more resilient the connection, the 
better the sound insulation. The data are shown in Figure 19 to Figure 22.

Comparison of Resilient Channels,
U Channels and Wood Furrings 600mm oc

Figure 19: Effects on TL o f  different types o f  support fo r  the gypsum board. STCs are 
RC  —  52, U channels —  43, wood furring  —  42, direct contact —  34

Comparison of Resilient Channels,
U Channels and Wood Furrings 600mm oc

Figure 20: Effects on impact sound pressure level from  tapping machine o f different
types o f  support fo r  the gypsum board
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Comparison of Resilient Channels,

Figure 21 : Effects on Tire Peak Impulse sound pressure level o f  different types o f  support
fo r  the gypsum board

Comparison of Resilient Channels,

Figure 22: Effects on Ball Peak Impulse sound pressure level o f different types o f
support fo r  the gypsum board
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C O M P A R IS O N  W IT H  150  m m  C O N C R E T E  S L A B

Concrete floors and wood joist floors behave quite differently and it is of some interest to 
compare the data for each type. The wood joist floor used for comparison had 152 mm of 
glass fiber batts in the cavity and the gypsum board was attached with resilient metal 
channels.

Figure 23: Comparison o f  airborne sound transmission loss fo r  a 150 mm thick concrete
slab and a wood jo ist floor.

Figure 24: Comparison o f  impact sound levels generated by the ISO tapping machine on 
a 150 mm thick concrete slab and on a wood jo ist floor.

The TL and impact sound pressure level curves show that the mass of the concrete 
provides more sound reduction at the low frequencies than does the wood joist floor. 
Conversely, the impact sound levels are much greater at high frequencies for the concrete 
floor than for the wood joist floor. Both floors would get greatly improved impact ratings
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if a carpet were added. Carpets, however, do not change the very low frequency impact 
transmission very much.

Figure 25: Comparison o f  impact sound levels generated by the tire machine on a 
150 mm thick concrete slab and on a wood jo ist floor.

Figure 26: Comparison o f impact sound levels generated by the ball on a 150 mm thick
concrete slab and on a wood jo ist floor
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Figure 27: Comparison o f  impact sound levels generated by the walker on a 150 mm 
thick concrete slab and on a wood joist floor

For the ball, tire and walker, it is clear that the heavier concrete floor provides more sound 
insulation. Weight is invariably effective in providing good sound insulation.

25
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R E P E A T  M E A S U R E M E N T S

When making comparisons between different types of floor construction it is important to 
know how well results can be duplicated when a floor is re-built with new materials. The 
data in Figure 28 show excellent agreement for three floors built afresh each time with 
new materials.

Same Construction Floors 
OSB16 GFB152 WJ235 RC13_G16

Figure 28: Measurements o fT L  on duplicate specimens.
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R E F E R E N C E  F L O O R S

Four floors were selected as reference floors at the meeting of the consortium in April 
1995. These were not expected to give good sound insulation. The constructions were 
15 mm OSB on 235 mm joists with the ceiling layer being 15.9 mm gypsum board. The 
gypsum board was attached directly to the joists or to 19 x 64 mm furring. The cavity 
was empty or filled with 152 mm of glass fibre batts. The transmission losses for these 
four floors are shown in Figure 29. The normalized impact sound pressure levels are 
shown in Figure 30. These graphs demonstrate the importance of resilient connections 
and show that without them, there is little to be gained by adding sound absorbing 
material to the cavity of the floor.

Comparison of Reference Floor

Figure 29: Airborne sound transmission loss fo r  reference floors.
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Figure 30: Impact sound pressure levels from  tapping machine on reference floors.
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M A T E R IA L  IN F O R M A T IO N  A N D  C O N S T R U C T IO N  D E T A IL S

OSB 15.1 mm thick, surface weight = 8.8 kg/m2 
38 mm x 235 mm wood joists, density = 401 kg/m3
wood furring strips and cross-bracing, nominally 1" x 3" actually 19 x 64 mm

65 mm thick Noise Stop Blanket glass fibre, 10.8 kg/m3 
89 mm thick R12 glass fibre. 10.6 kg/m3 
152 mm thick R20 glass fibre, 11.1 kg/m'
202 mm thick R28 glass fibre. 13 kg/m3

89 mm thick R13 Roxul mineral fibre, 28.3 kg/m3 
210 mm thick R32 Roxul mineral fibre, 36 kg/m3

resilient metal channels 13 mm deep 25 ga.
U-channels. 22 mm deep x 64 mm wide (includes two flanges each 13 mm), 25 ga. 

15.9 mm thick Westroc Fireboard Type X gypsum board, surface weight =11.3  kg/m2
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Meeting Report
PARTNERSHIP COMMITTEE 

JOINT RESEARCH PROJECT ON FLOORS

L.R. Richardson

The Partnership Committee overseeing the joint industry-government research project to determine 
sound-transmission-class and fire-resistance ratings for floor assemblies met at NRC's Building 
M-55 (CISTT) on September 20, 1995. Forintek was represented by L. Richardson. Don Onysko 
was present to advise Forintek on acoustical matters. Rod McPhee (CWC), Joe Piscone (Truss- 
Joist Macmillan) and Brad Rogers (NASCOR) were also present from the wood industry.

Because of the large number of industry partners that have joined this research project, the overall 
size of the project is about 40 percent larger than had been anticipated. Consequently, NRC will 
carry out more sound and fire tests than had been planned. However, these additional tests will 
mean that NRC will have to push back the final completion date for the project.

As of this meeting, no one representing masonry, Portland cement or (heavy) steel products had 
joined the consortium. The Canadian Portland Cement Association has money in their budget to 
join the project but have not worked out the details for their participation with NRC. The 
Canadian Steel Construction Institute is a partner in the project. However, they only represent 
manufactures light-steel framing.

Although 22 full-scale and 49 small-scale fire tests, and more than 250 sound tests were carried 
out on interior walls by NRC in 1993-1994, when the data were compiled into a table for Part 9 
of the NBCC, it was observed that there were gaps in some of the information and several 
common wall designs had not been included in the testing program. Consequently, in the next 
few weeks, NRC will put together a proposal to fill in those gaps.

After the interior-wall project was completed, the light-steel framing industry and NRC established 
a separate project to develop sound-transmission-class and fire-resistance ratings for loadbearing 
steel-frame walls.

Partnership Committee September 20, 1995
Joint Research Project on Floors NRC-M-55
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Comment: Every member of the consortium had a voice in the design, construction and testing
of each wall and in the interpretation of the test results. The results from the wall 
project were approved by every member of the consortium. Although it is costing 
them considerably more money, by creating their own mini-program with NRC, 
the steel industry has effectively prevented other material interests from having any 
input into how loadbearing steel-frame walls are designed, constructed and tested 
and on the interpretation of the results of N R C  s tests on those walls.

A Task Group chaired by Ross Monsour (CHBA) was created to lay out the format for a table 
which will present the results of this research project in Part 9 of a future edition of the NBCC. 
It is anticipated that the results from this joint research project can be included in an interim 
edition of the NBCC to be published in 1998. Both Forintek (Richardson) and CWC (McPhee) 
are members of the task group. Representatives of the Canadian Gypsum Manufacturers 
Association, Canadian Steel Construction Institute, rock-wool, glass-fibre and cellulose-fibre 
insulation manufacturers and the Canadian Codes Centre will also be members of the task group.

CHBA recommended, and all of the partners agreed, that although they are not "partners" in this 
project, CCMC should be invited to participate in all future meetings of the partnership 
committee.

Brad Wing (CGMA) recommended that the length of the screws used to fasten gypsum board to 
the bottom of wood-joists floors should be such that the screws penetrate the wood by only 
25-mm. He stated that when longer screws are used, "screw popping" is a problem. 
Consequently, in the field, builders use the shortest practical screws (1 *4" for 12.7 mm GWB and 
IVi" screws for 15.9 mm GWB). Bob Wessel added that the GWB on all wood-frame floors 
tested by the Gypsum Association is attached using shorter-length screws. They observe that the 
screws are still in the studs or joists after calcination had weakened the gypsum board to the point 
that it fell from the assembly.

® NRC will construct a small-scale floor assembly similar to one that they have already 
tested, except that the length of the screws used to fasten the %" Type X gypsum board 
to the floor will be IV2 " long. They will then re-run the fire test and if the shorter-length 
fasteners hold the gypsum board to the joists as well as the longer screws did in the first 
test, they will construct all remaining assemblies with the shorter-length screws.

NOTE: If these tests demonstrate that shorter-length screws provide acceptable
performance, the requirements in the NBCC regarding the length of screws used 
to fasten GWB to wood-frame construction will have to be revised.

•  Changing joist length had no effect on the acoustical performance of wood-joist floors.

Partnership Committee September 20, 1995
Joint Research Project on Floors NRC-M-55
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NOTE: Since joist span did not have an effect on acoustical performance, it can be
assumed that neither grade nor species will have any effect on the acoustical 
performance. However, it is probable that joist depth will have a significant effect 
on STC and IIC ratings.

•  The tightness of the screws used to fasten the (sub)flooring to the joists had no effect on 
the acoustical performance of wood-joist floors.

NOTE: Screw tightness affects acoustical loss at high frequencies. STC ratings are mainly
affected by the acoustical losses at low frequencies.

•  Increasing the number of screws (reducing the spacing between screws) used to fasten the 
(sub)flooring to the joists had no effect on the acoustical performance of wood-joist floors.

•  Attaching the (sub)flooring to the joists of wood-joist floors, using both adhesive and nails 
gave the same sound isolation as attaching the (sub)flooring using only screws.

•  There was no significant effect on the sound isolation of wood-joist floors when 150-mm 
batts of insulation were placed in three different positions within the cavities between the 
joists: against the (sub)flooring, against the ceiling, half-way between the ceiling and 
(sub)flooring.

•  Placing rock-wool batts rather than glass-fibre batts in the cavities between the joists of 
wood-joist floors improved the sound isolation of the floor by a small amount (1-2 points).

•  Attaching GWB to the bottom of the floor joists using 22-mm deep light-steel furring 
channels (U-channels) gave about the same sound isolation as attaching the GWB to the 
joists using nominal 1x3 wood strapping.

•  The acoustical performance of wood-joists floors constructed using cross-bracing was not 
significantly different from that of similar floors constructed using wood strapping.

•  Attaching the GWB to the bottom of wood joist floors using resilient channels 
significantly improved the sound isolation of the floor, compared to floors with the GWB 
attached directly to the joists and floors with the GWB attached to the joists using wood 
strapping or steel furring channels.

NOTE: Bailey Metals provided all of the light-steel furring and resilient channels. The
representative for Bailey Metals assured the Committee that resilient metal channels 
spaced 600-mm o.c. can hold two layers of 5/a" GWB on ceilings.

Partnership Committee September 20, 1995
Joint Research Project on Floors NRC-M-55
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•  The best sound isolation in wood-joist floors was obtained by attaching the GWB to the 
joists using resilient channels spaced 600-mm o.c.

•  Although their two frequency/transmission loss profiles were somewhat different, the 
sound isolation provided by 150-mm concrete slab floors was about the same as that for 
wood-joist floors having GWB attached to the joists using resilient channels spaced 600- 
mm o.c. Transmission losses across the concrete floors are greater at low frequencies 
(< 3 2 5  Hz). Transmission losses across the wood-joist floors are greater at higher 
frequencies (325-1500 Hz).

•  At all frequencies, impact vibration losses across wood-joist floors were much better than 
for concrete slab floors.

•  The STC of a wood-joist floor with 5/a" T&G OSB (sub)flooring and %" Type X GWB 
ceiling attached directly to the joists was 33. The IIC for this floor was 28. Placing 90 
to 210-mm batt-type insulation in the cavities between the joists increased the STC of the 
floor to 34 and the IIC to 30.

•  The STC of a wood-joist floor with %" T&G OSB (sub)flooring and %" Type X GWB 
ceiling attached using nominal 1x3 wood strapping, and 90 to 210-mm batt-type insulation 
in the cavities between the joists was 42. The IIC of these floors was 35.

•  The STC of a wood-joist floor with %" T&G OSB (sub)flooring and s/s" Type X GWB 
ceiling attached using light-steel resilient channels, 600-mm-o.c., and 90 to 210-mm batt- 
type insulation in the cavities between the joists was approximately 51-54. The IIC of 
these floors was approximately 45-48.

Alf Wamock (IRC-Acoustics) stated that floors constructed with OSB will have significantly better
sound isolation than floors constructed with plywood.

LR To Do: Pick up the OSB recovered from the first series of sound tests. Determine its
thickness and stiffness.

NOTE: SBA has stated that %" OSB is used in construction of apartment buildings.
Therefore, a floor constructed with 3A " OSB should be included in this study.

•  In small-scale fire tests, the fire endurance of wood-joist floors with %" T&G CSP 
flooring was significantly better than that of floors with 5/s" T&G OSB flooring (55 vs 45 
minutes).

Partnership Committee September 20, 1995
Joint Research Project on Floors NRC-M-55

VI-76



COMMENT: There is no load applied to floors in small-scale tests. The maximum allowable 
design load is applied to floors in full-scale tests. The time-temperature curve 
used in the small-scale tests is identical to that for full-scale tests, however, the 
fire conditions experienced by specimens in full-scale tests is much more severe 
than in small-scale tests. Therefore, it is unlikely that there will be any significant 
difference between the fire endurance of floors constructed with OSB and floors 
constructed with CSP.

•  In  small-scale fire tests the fire endurance of wood-joist floors with at least 90-mm rock
wool or glass-fibre insulation in the cavities between the joists was significantly better than 
that of floors with no insulation (65 vs 45 minutes).

•  When cellulose-fibre insulation is spray-applied in the cavities between the joists of wood- 
joist floors, the insulation covered the entire side of each joist and all of the bottom of the 
subflooring. This significantly improved the fire performance of the floor compared to 
batt-type insulation materials.

In fire tests of wood-joist floors, the resilient channels are installed perpendicular to the joists. 
The GWB is installed perpendicular to the resilient channels (parallel to the joists). Joints along 
the ends of the sheets of gypsum board are backed by the resilient channels. The joints along the 
edges o f the gypsum board are unbacked. In tests of wood-joist floors, the unbacked joints 
between adjacent sheets of gypsum board will be situated directly under the joists (the worst-case 
scenario). Depending upon the wishes of their manufacturers, the unbacked joints may be located 
over the centre of the cavities when light-engineered wood systems are tested.

SI The Committee agreed that the next series of acoustical tests will include the following 
floor systems:

•  Wood-joist floor with 5/a" CSP flooring
•  Wood-joist floor with 3A " OSB flooring
•  Wood-joist floor with two layers of Vi" OSB flooring
•  Floors similar to the two described above, but with CSP instead of OSB
•  Wood-joist floor with one layer of 5/s" GWB attached directly to the bottom of the 

joists, resilient channels attached to the GWB and a second layer of %" GWB 
attached to the resilient channels (the RC's will be sandwiched between the 2 layers 
of GWB)

NOTE: The above floor is intended to demonstrate a poor performer that frequently gets
specified for retrofit applications by uninformed building officials.

•  A floor similar to that described above only 3Vi" light-steel studs will be 
sandwiched between the two layers of GWB and 3Vi" batt-type insulation will be 
placed in the cavities between the studs (if they are available, 3Vi" light-steel Z- 
channels may be used instead of the studs)

Partnership Committee September 20, 1995
Joint Research Project on Floors NRC-M-55
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NOTE:

NOTE:

This design may provide an acceptable retrofit solution to the problem currently 
being improperly addressed by sandwiching RC's between 2 layers of GWB. 
Wood-joist floor with a 40-mm thick concrete topping poured over the OSB sub
flooring
Wood-joist floors constructed with nominal 2x8, 2x10 and 2x12 joists 
Floors constructed with 240, 300, 350 and 400-mm deep wood I-beams and metal- 
plate connected wood trusses, at various spacings
Because they are not loaded, for acoustical tests, it is possible to treat these light- 
engineered-wood systems as generic systems. However, it is unlikely that we will 
not be able to consider I-beams as generic products for the loadbearing fire tests. 
Therefore, McPhee and Richardson will meet with Piscone at the November 
NAWPFRC meeting in Washington to finalize a plan on how to deal with fire tests 
on these products. In the meantime, McPhee will seek Roger's ideas about this 
problem.
Wood-joist floors constructed with metal-plate connected wood trusses and various 
thicknesses of insulation in the cavities between the trusses

a  The Committee agreed that the first series of full-scale fire tests will include the following 
floor systems:

•  Wood-joist floor with resilient channels spaced 600-mm o.c.
•  Wood-joist floor with 5/q" CSP
•  Wood joist floors with 90-mm rock-wool, glass-fibre, and cellulose-fibre insulation 

and 180-mm glass-fibre insulation
•  Base-line wood-joist floor with no insulation and no resilient channels

NOTE: In a private conversation with Brad Wing (CGMA), he disclosed that, because it
is lighter, Vi' Type X gypsum board is manufactured primarily for ceilings and s/s" 
Type X GWB for walls (it is easier for workers to lift Vi' GWB into place). To 
compensate for being thinner, they put more glass fibers and more vermiculite in 
the Vi' GWB. These reduce the board's shrinkage in fire and increase its fastener 
pull-through resistance. Consequently, it will stay in place longer during fires (it 
doesn't pull off the screws as easily as the Vi' GWB does and the joints between 
adjacent sheets do not open as quickly). Having learned this, I advised Mohamed 
Sultan to talk to Wing about the possibility of carrying out some fire tests on floors 
protected by Vi' Type X GWB.

Partnership Committee
Joint Research Project on Floors

September 20, 1995 
NRC-M-55
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Minutes

Second Meeting of the Steering Committee 
o f the

Joint Research Project 
on the

Fire and Acoustical Performance of Floor Assemblies 
held at the

Institute for Research in Construction 
National Research Council Canada 

Ottawa, Ontario, Canada 
Wednesday, September 20, 1995

1. Opening Remarks

The meeting was called to order at 9:00 a.m. The Chairman welcomed the 
members to the Second Meeting of the Steering Committee and asked them to introduce 
themselves. The following is a list of attendees and their organizations:

• Acoustics Laboratory, NRCC/IRC

• Canadian Codes Centre, NRCC/IRC
• Canadian Home Builders Association
• Canadian Sheet Steel Building Institute

• Canadian Wood Council
• Cellulose Insulation Manufacturers

Association of Canada

•  Forintek Canada Corp.

• Gypsum Association (USA)
• Gypsum Manufacturers of Canada

• Marketing and Contracts, NRCC/IRC
• Nascor Systems
• National Fire Laboratory, NRCC/IRC

• Owens-Coming Canada
• Roxul Inc.
• Truss Joist MacMillan (USA)

Alf Wamock 
Dave Quirt 
Jennifer Birta 
Trevor Nightingale 
John Haysom 
Ross Monsour 
John Rice 
Leo DeMeo 
Rod McPhee 
Harry Hencher 
Normand Carbonneau 
Bernard Wiley 
Craig Holzscherer 
Mark Leuthold 
Ken Halpenny 
Ivan Smith 
Warren Tiemstra 
Les Richardson 
Don Onysko 
Robert Wessel 
Brad Wing 
Bob Mercer 
Dan Bailey 
Harris Cunningham 
Brad Brookes 
Ken Richardson 
Mohamed Sultan 
Mike Denham 
Bob Rymell 
John Evans 
Joe Piscione
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2. Review the Minutes of the First Meeting

The Chair invited comments on the Minutes of the First Meeting of the Steering 
Committee, held on April 18, 1995. It was moved by Brad Wing and seconded by Les 
Richardson that the Minutes of the First Meeting be adopted as circulated.

3. Review Partners Responses on the Construction Details

Three responses were received: the first from Canada Mortgage & Housing Corp. 
(see Appendix A), the second from the Gypsum Association (see Appendix B), and the 
third from the Gypsum Manufacturers of Canada (see Appendix C).

The first response dealt with the use of strapping, furring strips and cross-bridging. 
Dr. Wamock pointed out that the test series covered all common arrangements and that 
any additional tests, that might not have direct application in multi-family homes, would 
help to increase the understanding of the acoustics.

The second and third responses were proposals to change the screw penetration 
for attaching the gypsum board to wood joists from 45 mm, required by the National 
Building Code Canada (NBCC), to 25 mm. The Committee agreed to use 25 mm screw 
penetration. Thus, the Committee will have to prepare a submission for consideration by 
the Building Code Committees to change the screw penetration from 45 mm to 25 mm for 
attaching gypsum board to wood joists in wood joist floor assemblies.

4. Task Group on the Preparation of a Wish List of Floor Assemblies

A Task Group was formed as followed:

Ross Monsour, CHBA, Chair
Bob Rymell, Owens-Coming Canada
Brad Wing, Gypsum Manufacturers of Canada
Harry Hencher, CIMAC
John Evans, Roxul Inc.
John Rice, CSSBI
Rod McPhee, Canadian Wood Council

The objective of the Task Group is to produce a list of floor assemblies, so that at 
the end of this project a fire resistance rating and a sound transmission class are to be filled 
in for each assembly. The list will also help the Committee in determing which assemblies 
should be tested for fire and acoustic properties. The first draft of the list of floor 
assemblies should be ready for review by the Steering Committee at the Third Meeting on 
February 6, 1996.

5. Review the Results of the Acoustics Floor Tests (Phase 1)

The floor systems selected by the Steering Committee at the First Meeting for 
acoustics tests were tested except the floor system with cellulose insulation. All floor 
systems tested in Phase 1 passed the STC 50. The floor system with cellulose insulation 
will be acoustically tested once the insulation moisture content reaches approximately 
11%. Dr. A lf Wamock presented the results of the first acoustics tests. A progress report 
on the test results is attached (Appendix D).
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6. Review the Results of the Small-Scale Fire Tests (Phase 1)

Dr. Mohamed Sultan presented the results of the fire resistance test on seven 
small-scale floor systems that were selected by the committee in the First Meeting. A 
progress report on these results is attached (Appendix E).

7. Selection of Floor Systems for Acoustics Tests (Phase 2)

The Committee selected the floor systems as shown in Appendix F for acoustics
tests.

8. Selection of Floor Systems for Full-Scale Fire Tests (Phase 1)

The Committee selected six wood joist floor systems for full-scale fire resistance 
tests as shown in Appendix G.

9. Selection of Floor Systems for Small-Scale Fire Tests (Phase 2)

The Committee selected six wood truss floor systems for small-scale fire resistance 
tests as shown in Appendix H.

1C. Date of Next Meeting

The next Meeting will be held at the National Research Council Canada, Building 
M-55, Room 234 A & B on February 6, 1996.

11. Adjournment

The Chairman adjourned the meeting at 3:00 p.m.
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Fire and Acoustical Performance of Floor 
Assemblies
July 14. 1995 
Jacques Soucy
P.S.SJD.
BO - 109
(613) 748-2277 
Cfil3) 748-2433

3 ___________________ ______

1 have reviewed the minutes and the proposed testing program that you recently sent to us.

1) The use of wood furring strips is usually limited to Root assemblies where no fire resistance is 
required such as in single family houses. In itudti unit residential buildings, the use ol wood 
furring strips is not industry practice.
2) The testing program should be lined up with the code requirement for maximum spans as 
outlined in sentence V.23.9.4 and as per tables A1 and A2.
3) In order to get the maximum allowable spans, all that is required is cross bridging in 
combination with a single piece of strapping with a maximum spacing of 2.1 m.
4) The testing program in my opinion iias loo many floors with the 1 " x 4" furring strips. What 
needs to be tested is 1) a tingle floor with furring strips on 400 mm centers, 2) a floor with 
cross-bridging and a strap, 3) a floor with a single strap at mid-span, and 4) a floor with only the 
cross-bridging with variations in the spacing of the resilient channels as proposed. Tests with 
variations in the spacing of wood furring strips as proposed do not represent industry practice and 
have no relation to requirements in pan 9 of the NBC.

CanadS
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9 .2 3 .9 .4 . Strapping and Bridging in 
T ablas AI and A2

(1 ) Except as permitted in Sentence (2), where 
stra^jûng only is specified in Tables A-l and A-2, it

(a) not less than 19 mm by 64 nun, nailed to 
the underside of floor joists,

(b) lo o ted  not more Ilian 2 100 mm from cadi 
support or other rows of strapping, and 
fastened at each end to a aill or header.
Strapping is not required if furring s tr ip s^

• a panel-type ceiling finish Is attached directly to \  
j»he joists. __ I
-------- Ï 3 T  When? bridging is specified in Tables ^
and A-2, it shall consist of not less than 19 mm by 
64 mm or 38 mm by 38 nun cross bridging located not 
more than 2100 mm from each support or other rows 
of bridging.

(4) Where bridging plus strapping is specified 
in Tables A -l and A-2, ft shall consist of

(o) bridging as described in Sentence (3),
together with wood strapping as described 
in Sentence (11, or

(b) 38-mm solid blocking located not more 
than 210(1 mm from each support or other 
rows of bridging and securely fastened 
between the joists, together with wood 
strapping as defined in Sentenced).

(See A-9 23.4.1 .(2) in Appendix A.)

9 .2 3 .9 .5 . H eader J o is ts
(1 ) 1 leader joists around floor openings s in  11 

be doubled when they exceed 1.2 m in length.
12) T hesi2 e of header joists exceeding 3.2 in in  

length shall be determined by calculations.

9 .2 3 .9 .6 . Trimmer J o is ts
( D  Trimmer joists around floor openings shall 

be doubled when the length of the header joist 
exceeds 800 mm.

|2 )  When the header joist exceeds 2 m in 
length the size of the trimmer joists shall be deter
mined by calculations.

9 .2 3 .9 .7 . Support of Tail and H eader  
J o is ts . When tail joists and header joists are 
supported by the floor framing, they shall be sup 
ported by suitable joist hangers or railing.

93/1

9.23.9.6. Support of Walls

(1) Non-loadbcaring walls parallel to the floor 
joists shall be supported by joists beneath the wall or 
on blocking between the joists.

(2 )  Blocking referred to in Sentence (1) for the 
support of non loadbmriitg walls shall be not less than 
38 mm by 89 nun lumber, spaced not more tiian 1.2 m 
apart.

(3) Non-/«rrffr«rrin£ interior walls at right 
angles to the floor joists are not restricted as to 
location.

(4J Loatlbeming interior walls parallel to floor 
joists shall be supported by beams or walls of suffi
cient strength to transfer safely the design load? to the 
vertical supports.

(5) Loadlhvring interior walls at right angles to 
floor joists shall be located not more than 900 nun 
from lire joist support when the wall docs not support 
a floor, and not more than 600 mm from the joist 
support when the wall supports one or more floors, 
unless the joist size is designed to support such loads.

9 .2 3 .9 .9 . C antilevered Floor J o is ts
(1) Floor joists supporting roof loads shall not 

be cantilevered more than 400 mm beyond their 
supports where 38 mm by 184 uun joists are used and 
not more than 600 mm beyond their supports where 
38 mm by 235 mm or larger joists arc used.

| 2 |  The cantilevered portions referred to in 
Sentence (1) shall not support floor loads from other 
storeys unless calculations are provided lo show that 
the allowable design stresses of the cantilevered joists 
are not exceeded.

O ) Where cantilevered floor joist? described in 
Sentences (1) and (2) are at right angles to the main 
floor joists, Hie tail joists in the cantilevered portion 
shall extend inward away from the cantilever support 
a distance equal to not less than 6 limes the length of 
the cantilever, and shall be end nailed to an inlcrior 
doubled header joist in conformance with Table 
9.23.3. A.

0 .2 3 .1 0 . Wall S tu d s
9 .23 .10 .1 . Stud S ize and Spacing. The size 
and spacing of studs shall conform to Table 9.23.10. A.
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S '

/

Commercial
Dasrgnntior*

Spruce- P in e -Fir
(includes Spruce 
(alspecfes except Coast 
Sdka Spruce). Jack Pine, 
Lodgepote Pine, Balsam 
Fir and Alpine Fir)

Northern Species
(includes any Carwrflan 
softwood covered by the 
MLQA Standard Grading 
Rules)

Grade

Select
Structural

No t 
and 
No. 2

No. 3

Construction

Standard

Select
Structural

No. t 
and 
No. 2

No. 3

Construction

Standard

Member
Sire.
mm

38x89 
38xi40  
38x184 
38 x 235 
38 x 286

38x89 
33 x 140 
38x184 
38x235 
30 x 286

38x89
38x140
38x184
38x235
38x286

38x89

38x09
38 x89 
38 x 140 
38x184 
38x235 
38x286
38x89 
38 x 140 
38x184 
38x235 
38x286

30x69  
38 x 140 
38x104 
38 x 235 
38 x 286

38x89

38x89

labié A—t (Continued)
Floor>lojsUJUJv|ngQuai tors N —̂ X

V Strapping Only ) (  Bridgmg Cnly j Strapping and Bridging)
JoisFSpaci N JülU CoftlilKf— Vv'^jtoist Spacing

300 mm 400 mm 800 mm 300 mm 400 mm 600 mm 300 mm 400 mm 600 mm
m m m m m m m m m
1.95 1.81 16» 2.06 1.87 164 2.06 1.87 1.64
3 05 2.85 2.57 324 2.95 £57 124 2.95 2.57
3 86 3.48 3.31 3.94 3.70 3.38 4.12 3.84 3.38
4 31 4.10 3.90 4.59 4.31 4.05 4.76 4.44 4.14
491 467 4.45 5.18 4.87 4.57 5.34 4.96 4.64
1.36 1.7? 1.58 1.99 181 1.58 1.99 1.81 1.58
292 ; 2.71 249 3.14 2.85 2.49 3 14 2.85 2.49
354 3.36 320 3.61 3.58 3.27 3.99 3.72 3.27
4 17 39G 3 77 4.44 4.17 3.92 4.00 4.29 4.03
475 4.52 4.30 5.01 4.71 4.42 5.17 4.82 4.49
1.81 1 68 1.55 1.96 1.78 1.55 1.96 1.78 1.55
2.84 2.64 2.43 3.00 2 80 2.43 3.08 2.80 2.43
3.17 3.30 2.95 3.74 3.52 2.95 392 3.61 2.95
4.09 3.89 3.61 4.36 4.09 361 4.52 4.22 3.61
4 07 4.44 4.19 4.92 462 4.19 5.06 4.73 4.19
1.81 168 1.55 1.96 1.78 1.55 (56 1.78 1.55
1 70 1.58 1.47 1.88 1.71 1.50 1.88 1.71 1.50
1.65 1.53 1.42 1.84 1.60 1.46 1.64 1.68 1.46
2.59 2.41 2.21 2.90 2.63 2.30 2.90 263 2.30
3.77 3.11 294 352 3.31 3.03 3.E9 3.44 303
3.05 3.66 3.40 470 385 3.62 4.26 3.97 3.70
4.39 4.18 3.97 4.63 4.35 409 4.7B 4.45 4.15
1 59 1.48 1.37 1.80 1.64 143 1.80 164 1.43
2 M 2.33 2.16 2.83 2.57 2.25 2.83 2.57 2.25
3.19 3.04 284 3.44 3.23 2.96 3.60 3.36 2.96
3.76 3 58 3.41 4.01 3.77 3.54 4.16 3.88 362
4.29 4.08 3.80 4 53 4.25 4.00 467 4.35 4.06
1.51 1.43 1.32 1.74 1.57 1.36 1.76 Î.G0 1.36
2.4? 2.24 1.94 2.74 2.38 194 2.75 238 1.94
3 1? 290 237 3.35 2.90 2.37 335 2.90 237
3.67 3.49 2.89 3.91 3.54 2.89 408 154 289
4.19 3.98 3.36 4.42 4.11 3.36 4.55 4.11 336
1.51 1.43 1.32 1.74 1.57 1.40 1.76 1.60 1.40
1.48 1.37 1.27 1.67 1.51 1.36 1.71 1.55 1.36
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GYPSUM ASSOCIATION
May 25, 1995

Mohamed A. Sultan, Ph.D.
National Research Council of Canada 
Institute for Research in Construction 
Ottawa, Canada K1A 0R6 
Fax (613) 954-0483
Dear Mohamed:

We suggest that the screw lengths for attaching the gypsum 
board be revised as described below.

WOOD FRAMING
provide minimum penetration of 25 mm (l") 
base layer screw length = 41 mm (1 5/8'’)
face layer screw length = 57 son (2 1/4•’)

STEEL FRAMING
provide minimum penetration of 10 mm (3/8") 
base layer screw length = 25 mm (1")
face layer screw length * 41 mm (1 5/8")

The shorter screws are common, are consistent with the 
recommendations of the gypsum industry, and have demonstrated 
successful fire test performance in the past.

If you have any questions, feel free to give me a call. Thanks.

810 FIRST STREET NE, *5 1 0  • WASHINGTON. D C  20002 • TELEPHONE 202-289-5440 • FAX 202-289-3707
VI-85

Sincerely,

Assistant Executive 
Director



Westroc Industries Limited 
2424- Lakeshore Road West 
Mississauga, ON 
L5J 1K4
Tel 905 823-9881
=ax 905 823-4464

May 26, 1995
Dr. Mohamed A. Sultan, Ph.D. 
NRC/TRC
Ottawa, ON K1A 0R6

Re : NRC Floor T est Program 

Dear Mohamed,

I have the following comments regarding your fax o f  May 19, 1995,

Resilient Channels - Clause 18.2.1(b) does not apply to the attachment of resilient channels.
Suggest 32 mm (1 1/4") screws.

Ceiling Gypsum Board Application to Wood Framing

The NBC Table 9.29.5.B is very conservative in the stated screw length. I suspect it was based on 
tests wtuch used naiis. Oui testing will result in the requirement for tne rature (next 20 years?;, sc 
I don’t see the point o f using this very conservative requirement.
Suggest - minimum penetration of 25 mm (1")

- base layer screw length 41 mm (1 5/8")
- face layer screw length 57 mm (2 1/4")

The screw lengths suggested above are still somewhat conservative (i.e. long) compared to the 
screw length used in comparable listed assemblies. Suggest you note whether the fasteners are in 
place after gypsum board fall-off during the fire test. If the fasteners are consistently in place then 
shorter fasteners can be specified.
Long fasteners are not desirable and if they don't add to the fire resistance of the assembly they 
should be avoided.

Suggest both layers o f gypsum board should be perpendicular to the framing with the joints 
staggered.

Assume latex caulking is for convenience during the sound tests only (as per the wall program). 
For the fire tests joints will be taped and filled using drywall compound?
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Ceiling Gypsum Board Application To Steel Framing 

Suggest following screw penetration and lengths

- minimum screw penetration - 10 mm (3/8")
- base layer screw length - 25 mm (1")
- fhct layer screw length - 41 mm ( 1 5/8")

Both layers of gypsum board should be applied perpendicular to steel framing, with the face layer 
staggered from the base layer.

Latex caulking as per wood framing above.

I f  vou have any questions regarding these comments please let me know.

Yours truly,

Brad Wing
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1st Report, September 1995.

F IR S T  P R O G R E S S  R E P O R T  
O N  A C O U S T IC S /F IR E  FL O O R  P R O J E C T . 

A C O U S T IC S

S U M M A R Y

On 9th September, 1995 37 floor systems had been tested. With one exception, the 
150 mm concrete slab, the same basic construction has been used in each case:

• 15 mm oriented strand board

• 240 mm solid wood joists, 400 mm o.c.

• 13 mm resilient metal channels

• 15.9 mm gypsum board.
In some cases the resilient metal channels were omitted or replaced with other furring. 
The type, thickness and position of sound absorbing material in the cavity was varied.

The table following presents a summary of all the tests so far in terms of single number 
ratings. More detailed information can be found in the later parts of the report. The 
materials tested are coded in the tables as follows:

OSB —  oriented strand board 

WJ —  solid wood joists 

RC —  metal channels 

G —  gypsum board 

CON —  solid concrete 

GFB —  glass fibre batts 

MFB —  mineral fibre batts

The numbers following each code represent the dimension of each element measured 
through the floor from top to bottom. Thus 0SB16_GFB152_WJ235_RC13_G16 represents a 
layer of 15.1 mm thick OSB, attached to 38 x 235 mm deep wood joists. The cavity' is 
filled with 152 mm of glass fiber batts and the layer of 15.9 mm gypsum board is attached 
to the joists using resilient metal channels. In this coding system thicknesses are rounded 
to the nearest mm for convenience. The thickness is the space occupied by the element 
measured along a line through the floor from top to bottom. In most cases, this will be the 
same as the material thickness but not always. For example, the resilient metal channels 
add 13 mm to the overall thickness of the floor but the metal is only 25 ga. 1

1
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1st Report, September 1995.

The single number ratings sound transmission class (STC) impact insulation class (IIC),
and Tire Insulation Class (TIC)1 are higher when the sound insulation is higher. The A-
weighted levels are lower when the sound insulation is higher.

Table 1 shows the following

• Changing the joist length had no effect on the sound transmission.

• The tightness of the screws attaching the OSB had no effect on the sound 
transmission.

• Increasing the number of screws attaching the OSB by a factor of four had no effect 
on the sound transmission.

• Attaching the OSB using glue and nails gave the same results as when it was attached 
using screws.

• Only two types of sound absorbing material have been tested so far. These are glass 
fiber batts and mineral fiber batts. The STC and IIC ratings were essentially identical 
but when the batts had a thickness of around 200 mm, the mineral fiber batts gave 
slightly higher single number ratings. The mineral fiber batts seem to be slightly better 
than the glass fiber batts.

• There were no significant effects when the 152 mm glass fiber batts were moved to 
three different positions in the floor cavity.

• Best results were obtained when the resilient metal channels were 600 mm apart. 
Closer spacings gave lower sound insulation.

• 22 mm deep U-channels gave about the same results as 19 x 64 mm wood furring.
Both were inferior to the resilient metal channels.

• There was no significant difference between a floor constructed using cross-bracing 
and one using wood strapping.

• Floors without resilient metal channels were significantly inferior to those with resilient 
metal channels. Adding sound absorbing material to such floors gave little 
improvement, as expected.

• The 150 mm slab of concrete has an STC rating about the same as the better wood 
joist floors tested. Its IIC rating is very poor, however. The impact levels generated 1 2

1 TIC is an experimental single number rating that is not standardized. It will probably need further 
refining if it is to be standardized at all.

2
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by the ball and tire are significantly lower on the concrete floor than on the wood joist 
floors.
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Table 1 : Summary o f  tests
TL ISO Ball Tire W alker

TestID STC TestU) IIC TestID TIC Awt TestID TIC Awt T estID T IC Aw t

C oded  D escrip tion
TLF-
95-

IIF-9'5 BBF-
95-

TYF-
95-

WMF-
95-

CON 150 025a 54 004 27 004 49 62.3 004 62 53.2 004 67 44.3
E ffects  o f Joist length Jo is t Length

OSB16 GFB152 WJ235 RC13 G16 4.85 035a 51 005 44 005 36 73.9 005 39 68.6 005 68 45.7
OSB16 GFB152 WJ235 RC13 G16 4.34 037a 52 006 46 006 37 71.6 006 44 66.1 006 72 46.9
OSB16 GFB152 WJ235_RC13_G16 3.45 039a 51 007 46 007 35 74.6 007 40 67.7 007 69 45.6
OSB16 GFB152 WJ235 RC13 G16 2.92 041a 51 008 46 008 36 74.2 008 41 67.6 008 68 45.8

E ffects  o f screw  tigh tn ess
OSB16 GFB152 WJ235_RC13_G16 fully tightened 043a 51 009 46 009 32 75.6 009 40 68.0 009 68 46.3
OSB16 GFB152 WJ235 RC13 G16 -1/4 turn 045a 50 010 46 010 32 76.5 010 42 67.4 010 68 47.0
OSB16 GFB152 WJ235 RC13 G16 -1/2 turn 047a 50 011 45 011 32 75.6 011 41 67.1 011 65 47.4
OSB16 GFB152 WJ235 RC13 G16 -3/4 turn 049a 50 012 45 012 32 76.0 012 40 67.9 012 67 46.5
OSB16 GFB152 WJ235 RC13J316 -1 turn 051a 51 013 45 013 33 75.6 013 40 69.0 013 67 45.5

E ffec t o f n u m b er o f screw s Screw separation2
OSB16 GFB152 WJ235 RC13 G16 150 & 300 mm 043a 51 009 46 009 32 75.6 009 40 68.0 009 68 46.3
OSB16 GFB152 WJ235 RC13 G16 75 & 150 mm 053a 50 014 46 014 33 76.5 014 39 68.4 014 70 45.2
OSB16 GFB152 WJ235 RC13 G16 38 & 75 mm 055a 50 015 46 015 31 77.3 015A 39 71.5 015 70 45.3

G lu ed  and  nailed
OSB16 GFB152 WJ235 RC13 G16 057a 51 016 46 016 32 76.3 016 42 67.6 016 72 42.8

Types o f fuzz
OSB16_GFB 152_WJ235_RC 13_G 16 152 mm glass 

liber
059a 52 017 45 017 36 73.9 017 44 67.9 017 68 46.4

OSB16 GFB65 GFB152 WJ235 RC13 
G16

217 mm glass 
fiber

061a 53 018 46 018 36 73.7 018 43 67.7 018 74 46.2

OSB16 GFB65 WJ235 RC13 G16 65 mm glass fiber 063a 50 019 45 019 37 73.3 019 43 68.7 019 67 47.9
OSB 16_MFB90_WJ235_RC 13_G 16 90 mm mineral 

fiber
065a 51 020 46 020 37 73.0 020 69 45.1

OSB 16_MFB210_WJ235_RC 13_G 16 210 mm mineral 
fiber

067a 54 021 48 021 38 72.2 021 42 70.5 021 73 42.7

OSB 16 GFB90 WJ235 RC13 G16 90 mm glass fiber 085a 51 030 45 030 36 73.4 030 41 71.7 030 68 46.0
OSB 16_GFB202_WJ235„RC 13_G 16 202 mm glass 

fiber
089a 53 032 46 032 36 73.6 032 10 71.9 032 71 45.1

2 The first number is the spacing in the field, the second is the spacing around the p-’iimeter.
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Table 1: Summary o f  Tests ( cont.)

TL ISO Ball Tire Walker
TestID STC TestID IIC TestID TIC Awt T estID TIC Awt T estID TIC A w t

C oded  D escrip tion
TLF-
95-

IIF 05- BBF-
95-

TYF-
95-

WMF-
95-

E ffec t o f p o s ition  o f fuzz
OSB16_GFB 152_WJ235_RC 13_G16 bottom 043a 51 009 46 009 32 75.6 009 40 68.0 009 68 46.3
OSB16J3FB152_WJ235_RC13_G 16 Centre 069a 51 022 45 022 32 75.5 022 38 71.6 022 69 45.4
OSB 16_GFB 152_WJ235_RC 13_G 16 top 071a 52 023 45 023 31 76.6 023 37 72.5 023 71 46.2

E ffec t o f sp ac in g  o f w o o d  fu rrin g  and  
m eta l ch ann e ls

OSB 16_GFB 152_WJ235_G 16 no channels 073a 34 024 30 024 27 82.4 024 35 76.5 024 51 59.5
OSB 16_GFB 152_WJ235_RC 13_G 16 RC 400 mm oc 075a 50 025 42 025 27 79.3 025 37 71.1 025 69 44.5
OSB 16_GFB 152_WJ235_RC 13_G 16 RC 200 mm oc 077a 47 026 40 026 24 82.3 026 36 72.2 026 66 47.7
OSB 16_GFB 152_WJ235_RC13 J3  16 RC 300 mm oc 079a 49 027 42 027 24 82.3 027 35 72.9 027 66 47.2
OSB 16_GFB 152_WJ235_UC22_G 16 22 mm U 

channels, 600 mm 
oc

081a 43 028 36 028 28 80.6 028 34 76.3 028 60 52.9

OSB 16_GFB 152_WJ235_WFUR19_G 16 19x64 wood 
furring 600 mm 

o.c

083a 42 029 35 029 24 84.1 029 38 72.7 029 59 53.1

OSB16 GFB152 WJ235 WFUR19 RC13 
_G16

19x64 wood 
furring and RC 

600 mm o.c

087a 52 031 45 031 36 73.1 031 45 69.4 031 70 44.5

OSB16 GFB152 WJ235 WFUR19 RC13 
_G16

19x64 wood 
furring and RC 
600 mm o.c, no 
cross-bracing

091a 52 033 45 033 33 74.5 033 45 70.2 033 71 44.8

R eferen ce  floors
OSB 16_GFB 152_WJ235_RC13_G 16 093a 52 034 46 034 34 75.0 034 38 72.3 034 73 43.2

OSB 16_WJ235_G 16 095a 33 035 28 035 30 83.2 035 34 77.0 035 48 62.6
OSB16_GFB152_WJ235_G16 no channels 073a 34 024 30 024 27 82.4 024 35 76.5 024 51 59.5
OSB 16_WJ235_WFUR 19_G 16 19x64mm furring 

600 oc
097a 39 036 32 036 25 84.1 036 36 75.1 036 56 57.0

OSB 16_GFB 152_WJ235_WFUR 19_G 16 19x64mm furring 
600 oc

099a 42 037 35 037 28 81.6 037 39 72.8 037A 58 54.8
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T E S T  P R O C E D U R E S

Four test methods are being used on all floor systems to evaluate their effectiveness as 
acoustical barriers. These test rooms and the methods are described briefly below.

M59 test facility.
Both rooms have volumes of about 175 m \ The bottom room is of 30 cm thick poured 
concrete and is supported on steel springs and neoprene placed under the floor. The 
upper room is constructed from steel studs and layers of particle board. It is supported on 
steel columns which in turn rest on steel spring and neoprene supports. The wheeled 
frame for specimens, one of two, is of poured concrete. It can be moved in and out of the 
slot between the rooms and lifted by a crane to a storage area or to the floor of the main 
laboratory. The floor specimen opening measures 3.8 x 4.7 m. The gaps between the 
chambers and the edges of the movable frame are sealed with inflatable gaskets. To 
reduce transmission around or through the frame, shields are place over the exposed parts 
of the frame after the frame and specimen are installed between the rooms.

In each room a microphone is mounted at the end of a scissors-jack arrangement that is 
attached to a boom that turns about an axis near the middle of the ceiling. The scissors- 
jack moves along the boom and lowers and raises the microphone. The microphone 
position is set by stepping motors and, at present, we use nine microphone positions in
each room.

ASTM E90
This is the standard method used to evaluate the transmission of airborne sound through 
building elements. Sound is generated in one room using four loudspeaker systems, each 
with its own noise generator and amplifier. Microphones in each room measure the sound 
pressure levels and sound decay rates at frequencies from 50 to 6300 Hz. The 
information collected is used to calculate sound transmission loss (TL) and sound 
transmission class (STC). Measurements are made with each room in turn serving as the 
source room.

ASTM E492
This is the standard method for evaluating the transmission of impact sound through 
floors. A standardized tapping machine which includes 5 steel-faced hammers is placed on 
the floor under test in four specified positions. The hammers are driven by a motor so 
they impact the floor surface twice per second each for a total rate of 10 impacts per 
second. Sound pressure levels are and decay rates measured in the room below. 
Measurements are made from 25 to 6300 Hz. The information collected is used to 
calculate the normalized impact sound pressure level and the impact insulation class 
(DC).

6
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Walker3
There is no standard test specifying how to measure the sound pressure levels generated 
by a person walking on a floor. Several years ago in ASTM committee E33 a single 
microphone measurement technique was proposed and was adopted for use in this 
laboratory. A single microphone is placed 1 m below the mid-point of the ceiling and the 
room below is made much less reverberant by placing sound absorbing material in it.
The same microphone technique is used for measuring walker, ball and tire levels.

Two members of the section have been designated as standard walkers. Both are male, 
large and heavy and generate about the same sound pressure levels when they walk on a 
floor. The walker walks for about 3 minutes while the computer collects maximum sound 
levels for each 100 footsteps using a 35 ms time constant.

Black Ball
The ball used in these measurements was developed by H. Tachibana as part of his 
research. The ball is 180 mm in diameter and weighs 2.5 kg. It is dropped from a height 
of 900 mm. The force generated is sufficiently repeatable that only 15 impulses need be
averaged.

Tire Machine
The Japanese measurement standard JIS1418. specifies a heavy impactor source for 
evaluating floor constructions. It consists of an automobile tire mounted on an arm 
attached to motor. The motor lifts the tire and then, utilizes cams to drop the tire freely 
on the floor. The cam system prevents the tire from striking the floor again until it has 
been lifted to the correct drop height. JIS 1418 specifies many drop positions for the tire 
and several microphone positions. Earlier research with this machine showed that only a 
few positions of the tire were necessary. The single microphone position is also 
considered adequate for comparison of floors tested within a single laboratory.

3 For the walker, tire and ball tests, the experimental TIC rating is used as well as the maximum A- 
weighted level.

7
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Some theoretical considerations and experimental data suggested that the length of the 
joists in a floor would have a highly significant effect on the measured sound pressure 
level. To test this hypothesis a special movable concrete support was constructed that 
would allow the test frame to support wood-joist floors with different joist lengths. This 
device is sketched in Figure 1 and Figure 2. The filler section shown in Figure 2 held 
pieces of a 150 mm thick concrete slab, sound absorbing material and gypsum board so 
sound transmission through this section was negligible.

EFFECTS OF JOIST LENGTH

End view 
of movable 

section

Filler section

Figure 1 : The movable support used to change the floor size by supporting different joist
lengths.

Test Frame Movable support

Figure 2: Illustration o f the use o f  the movable concrete support when 
testing floors with different joist lengths.

8
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Construction tested.
The basic construction tested consisted of a layer of 15.1 mm thick OSB screwed 150 mm 
oc. around the edges and 300 mm oc. in the field. It was applied with the long axis 
perpendicular to the joists. The joists measured 38 x 235 x 4851 mm and were 400 mm 
oc. Two sets of 19 x 64 mm cross bracing were installed between the joists 1617 mm from 
each edge of the floor. 13 mm deep resilient metal channels were screwed 600 mm oc. 
perpendicular to the joists. Westroc Fireboard 15.9 mm thick Type X gypsum board was 
applied with the long axis perpendicular to the resilient metal channels and screwed 
300 mm oc. A layer of R20 glass fiber batts 152 mm thick was placed in the joist cavities. 
All joints were caulked and taped.

The floor was first constructed to completely fill the test frame with joists measuring 
4.85 m. Part of the OSB layer and the gypsum board were then removed at one end and 
the joists cut to the new length. The movable support was inserted, the floor repaired and 
the filler section constructed and sealed. This process was repeated for joist lengths of 
4.34, 3.45 and 2.92 m. The results are shown in the Figures that follow. The case where 
the joist length was 3.92 m is for a full-size floor with the joists perpendicular to the long 
axis of the specimen frame. This is the normal way of orienting joists or trusses. It was 
surprising that there was so little change in the results when the joist length ranged from 
2.92 to 4.85 m, but the data are clear.

Transmission Loss Results

Figure 3: TL fo r  5 floors with different jo ist lengths. All had 
STC 51 except fo r  the 4.34 m case which gave STC 52.

9
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Tapping machine results.
Different joist lengths but same 

construction

Figure 4: Normalized, impact sound pressure level fo r  floors with different joist lengths. 
All floors have and IIC o f 46 except fo r  IIF95005 which has an I1C o f 44.

Ball results.
Different joist length but same 

construction

Figure 5: Maximum Impulse sound levels generated by the ball on 5 floors with different
joist lengths.

10
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Tire results.
Different Joist Lengths but Same 

Construction

Figure 6: Maximum Impulse sound levels generated by the Tire machine on 5 floors with
different jo ist lengths.

Walker results.
Different Joist Lengths Dut

Figure 7: Maximum Impulse sound levels generated by the walker on 5 floors with
different jo ist lengths.

11
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One issue that was addressed was the possibility of changes in sound reduction caused by 
changes in the tightness of the screws attaching the sub-floor to the joists. Changes in 
tightness could be caused by changes in the moisture content of the wood, or by variations 
in workmanship. To test the significance of screw tightness, a floor was constructed with 
screws tightened normally and then loosened in 1/4 turn increments until they had been 
loosened by 1 full turn. Measurements were made at each stage.

EFFECTS OF SCREW TIGHTNESS

Figure 8: Effect o f  loosening screws on TL.

Effect of screw tightness

Figure 9: Effect o f  loosening screws on impact sound pressure level.

12
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There were no significant differences in the STC or the IIC ratings. But, as Figure 8 and 
Figure 9 show, there were differences in the transmitted sound energy at the higher 
frequencies; as the screws were loosened, less sound was transmitted. This trend is fairly 
clear in the TL results but not so clear in the IIC results. The data for the tire and the ball 
were virtually identical in all cases. The data for the walker showed more scatter but were 
still very close; walker results are expected to show more variation since the process is 
more random.

13

VI-100



1st Report, September 1995.

E F F E C T  O F  N U M B E R  O F S C R E W S  A T T A C H IN G  O S B  A N D  C O M P A R IS O N  
W IT H  G L U E  A N D  N A IL S .

This variable was examined in case there might be a difference between screwing the OSB 
to the joists and attaching it with glue and nails. The idea was that with more screws the 
two systems might become equivalent. Being able to use screws greatly simplifies changes 
to constructions and testing.

Screws and Glue/Nails with OSB

Figure 10: TL fo r OSB attached with different screw patterns and attached by nailing
and gluing.

Screws vs. Glue/nails with OSB

Figure 11: Normalized ISP L for OSB attached with different screw patterns and attached
by nailing and gluing.

14
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The curves shown in Figure 10 have STC ratings of 51, 50, 50 and 51; they are essentially 
identical. The curves in Figure 11 all have IIC ratings of 46. In the figures, the first 
distance in mm is the screw spacing in the field, the second is the spacing around the 
perimeter.

There were no significant differences for the other impact tests either. The conclusion that 
may be drawn from this is that normal application of screws is equivalent to gluing and 
nailing as far as sound transmission is concerned.

15
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To test the effect of moving the sound absorbing material inside the floor cavity, the 
152 mm thick glass fiber batts were placed at the bottom, in the middle and at the top of 
the cavity. As expected, changing the position did not change the results. Only the TL 
data are shown. These can be seen in Figure 12.

EFFECT OF POSITION OF SOUND ABSORBING MATERIAL

152mm Glass Fibre in Different 
Positions of the Joist Cavity

Figure 12: Effect o f  position o f glass fiber batts in the cavity.

16
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Five thicknesses of glass fibre were tested in the basic floor: 65, 90, 152, 202, and 
217 mm. Figure 13 shows that the TL curves were generally of the same shape but 
between 125 and 1250 Hz the sound transmission loss increased as the thickness of the 
glass fiber batts increased. Figure 14 shows the variations in STC and at three frequencies.

EFFECT OF THICKNESS OF SOUND ABSORBING MATERIAL

Different Thicknesses of Glass Fibre

Figure 13: Sound transmission loss fo r  different thicknesses o f  glass fiber batts.

/
/

50 | »

49 ' ------------------------ --------------------*----------------------------------------------------------
60 80 100 120 140 160 180 200 220

Thickness of glass fiber, mm
60 80 100 120 140 160 180 200 220

Thickness of glass fiber, mm

Figure 14: Effects o f  different thicknesses o f  glass fibre on airborne sound transmission. 
Circles in STC plot are fo r  mineral fibre batts.
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Figure 14(cont.): Effects o f different thicknesses o f  glass fibre on airborne sound
transmission.
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The two circular symbols in Figure 14 in the STC plot are for mineral fibre batts. This 
plot might suggest that there is little difference between the two types of fibre. Closer 
examination of the data in Figure 15 and Figure 16 shows that the mineral fibre is 
consistently better above about 500 Hz.

EFFECT OF TYPE OF SOUND ABSORBING MATERIAL

Comparison of glass fibre with mineral 
fibre Insulation

Figure 15: Glass vs. Mineral fibre, 90 mm thickness

Comparison of glass fibre with mineral 
fibre Insulation

Figure 16: Glass vs. Mineral fibre, about 205 mm thickness.
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E F F E C T  O F  S P A C IN G  O F  R E S IL IE N T  M E T A L  C H A N N E L S

In the wall project, better results were obtained when resilient metal channels were spaced 
further apart. The same trends were found here. Channels on 200 mm centers gave an 
STC of 47. Those on 600 mm centers gave an STC of 52. Results can be seen in Figure 
17 and Figure 18.

Spacing of Resilient Channels

Figure 17: Effect o f different spacings fo r  resilient metal channels. The STC values were 
600 mm —  52, 400 mm —  50, 300 mm —  49, 200 mm —  47.
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Î  70
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50

40

Spacing of Resilient Channels

Figure 18: Effect o f different spacings fo r  resilient metal channels. The IIC values were 
600 mm —  45, 400 mm —  4 2 ,3 0 0  mm —  42, 200 mm —  40.
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C O M P A R IS O N  O F  U -C H A N N E L S , W O O D  F U R R IN G , R E S IL IE N T  M E T A L  
C H A N N E L S  A N D  D IR E C T  C O N T A C T .

In three of the floors, the gypsum board was attached using resilient metal channels,
22 mm deep U-channels, and nominal 25 mm thick wood furring 600 mm o.c. In another it 
was attached directly to the joists. As expected, the more resilient the connection, the 
better the sound insulation. The data are shown in Figure 19 to Figure 22.

Comparison of Resilient Channels,
U Channels and Wood Furrings 600mm oc

Figure 19: Effects on TL o f different types o f  support fo r  the gypsum board. STCs are 
RC  — 52, U channels —  43, wood furring  —  42, direct contact —  34

Comparison of Resilient Channels,
U Channels and Wood Furrings 600mm oc

Figure 20: Effects on impact sound pressure level from  tapping machine o f different
types o f  support fo r  the gypsum board
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Comparison of Resilient Channels,

Figure 21 : Effects on Tire Peak Impulse sound pressure level o f different types o f  support
fo r  the gypsum board

Comparison of Resilient Channels,

Figure 22: Effects on Ball Peak Impulse sound pressure level o f  different types o f
support fo r  the gypsum board
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C O M P A R IS O N  W ITH  150  m m  C O N C R E T E  S LA B

Concrete floors and wood joist floors behave quite differently and it is of some interest to 
compare the data for each type. The wood joist floor used for comparison had 152 mm of 
glass fiber batts in the cavity and the gypsum board was attached with resilient metal 
channels.

Figure 23: Comparison o f  airborne sound transmission loss fo r  a 150 mm thick concrete
slab and c wood jo ist floor.

Figure 24: Comparison o f  impact sound levels generated by the ISO tapping machine on 
a 150 mm thick concrete slab and on a wood jo ist floor.

The TL and impact sound pressure level curves show that the mass of the concrete 
provides more sound reduction at the low frequencies than does the wood joist floor. 
Conversely, the impact sound levels are much greater at high frequencies for the concrete 
floor than for the wood joist floor. Both floors would get greatly improved impact ratings

23
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if a carpet were added. Carpets, however, do not change the very low frequency impact 
transmission very much.

Figure 25: Comparison o f  impact sound levels generated by the tire machine on a 
150 mm thick concrete slab and on a wood jo ist floor.

Figure 26: Comparison o f  impact sound levels generated by the ball on a 150 mm thick
concrete slab and on a wood jo ist floor

24

VI-111



1st Report, September 1995.

Figure 27: Comparison o f  impact sound levels generated by the walker on a 150 mm 
thick concrete slab and on a wood jo ist floor

For the ball, tire and walker, it is clear that the heavier concrete floor provides more sound 
insulation. Weight is invariably effective in providing good sound insulation.

25
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R E P E A T  M E A S U R E M E N T S

When making comparisons between different types of floor construction it is important to 
know how well results can be duplicated when a floor is re-built with new materials. The 
data in Figure 28 show excellent agreement for three floors built afresh each time with 
new materials.

Same Construction Floors 
OSB16 GFB152 WJ235 RC13 G16

Figure 28: Measurements o fT L  on duplicate specimens.

26

VI-113



1st Report, September 1995.

R E F E R E N C E  F L O O R S

Four floors were selected as reference floors at the meeting of the consortium in April 
1995. These were not expected to give good sound insulation. The constructions were 
15 mm OSB on 235 mm joists with the ceiling layer being 15.9 mm gypsum board. The 
gypsum board was attached directly to the joists or to 19 x 64 mm furring. The cavity 
was empty or filled with 152 mm of glass fibre batts. The transmission losses for these 
four floors are shown in Figure 29. The normalized impact sound pressure levels are 
shown in Figure 30. These graphs demonstrate the importance of resilient connections 
and show that without them, there is little to be gained by adding sound absorbing 
material to the cavity of the floor.
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Figure 29: Airborne sound transmission loss fo r  reference floors.
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Figure 30: Impact sound pressure levels from  tapping machine on reference floors.
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MATERIAL INFORMATION AND CONSTRUCTION DETAILS
OSB 15.1 mm thick, surface weight = 8.8 kg/nT 
38 mm x 235 mm wood joists, density = 401 kg/m3
wood furring strips and cross-bracing, nominally 1" x 3" actually 19 x 64 mm

65 mm thick Noise Stop Blanket glass fibre, 10.8 kg/m3 
89 mm thick R12 glass fibre. 10.6 kg/m3 
152 mm thick R20 glass fibre, 11.1 kg/m3 
202 mm thick R28 glass fibre. 13 kg/m3

89 mm thick R13 Roxul mineral fibre, 28.3 kg/m3 
210 mm thick R32 Roxul mineral fibre, 36 kg/m3

resilient metal channels 13 mm deep 25 ga.
U-channels. 22 mm deep x 64 mm wide (includes two flanges each 13 mm), 25 ga.

15.9 mm thick Westroc Fireboard Type X gypsum board, surface weight =11-3 kg/m2
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Update to
First Progress Report 

on Acoustics/Fire Floor project.
Acoustics

Since the first report was sent to members of the consortium, several other tests have been
carried out. These are summarised below in Table 2 and then some more detailed analysis
follows.

Table 2 shows the following:

• Standard OSB does not leak significantly. A measurement with the joints between 
sheets of OSB caulked was made to check the possibility that it might be leaking. The 
tongues and grooves did not appear to be fitting very well.

• There was little difference when a single layer of 12.7 mm gypsum board was used in 
the basic floor instead of a single layer of 15.9 mm board. The 12.7 mm board gave 
only slightly less sound insulation when the one-third octave band levels were 
examined.

• Adding a second layer of 15.9 mm gypsum board to the basic floor increased the STC 
by 4 points and EC by 3 points. The other impact ratings also improved.

*■ Tne results for the basic floor with 2 layers of 12.7 mm gypsum board were about tne 
same as those for the floor with 2 layers of 15.9 mm gypsum board.

The information for single and double layers of gypsum board and single and double 
layers of OSB and plywood will be useful for modeling studies. 1

1
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Update to first Progress Report, September 1995

Table 2: Additional results

TL ISO Ball Tire Walker

TestID STC TestID IIC TestID TIC Awt TestID TIC Awt TestID TIC Awt

Coded Description
TLF-95 IIF-95 BBF-

95-
TYF-
95-

WMF-
95-

Single layer tests

OSB16_WJ235 No caulk 101a 24 038 20

OSB16_WJ235 Caulk 111a 24

WJ235_RC 13_G 16 103a 29

WJ235 RC13_2G 16 105a 35

Effect of gypsum board type and 
number of layers

OSB16_GFB152_WJ235_RC13_G 16 1*G16 043a 51 009 46 009 32 75.6 009 40 68.0 009 68 46.3

OSB16_GFB 152_WJ235_RC 13_G16 1*G16 059a 52 017 45 017 36 73.9 017 44 67.9 017 68 46.4

OSB16_GFB 152_WJ235_RC 13_G 16 1*G16 093a 52 034 46 034 34 75.0 034 38 72.3 034 73 43.2

OSB16_GFB 152WJ235 RC13_2G 16 2*G16 107a 55 039 49 039 36 71.6 039 45 70.7 039 74 41.4

OSB 16_GFB 152_WJ235_RC13_G 13 1*G13 113a 51 040 45 040 32 76.6 040 42 70.3 040 70 46.5

OSB 16_GFB 152_WJ235_RC 13_2G 13 2*G13 115a 56 041 50 041 36 72.4 041 44 68.6 041 75 42.5

2



Update to First Progress Report, September 1995

Effect of gypsum board type and number of layers.
Four gypsum board combinations have been tested so far. Single layers of 15.9 and 12.7 
mm board and double layers of the same thicknesses. There are some small differences to 
be seen in the 1/3 octave band plots but the single number ratings are about the same. 
There is not much to be gained by using 15.9 mm board instead of 12.7 mm board.

Effect of Gypsum Board Type

Figure 1: TL for the basic floor with single and double layers of 12.7 and 15.9 mm gypsum
board.
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Update to First Progress Report, September 1995

Single layers of 15.9 mm gypsum board
TL data on single layers of gypsum board supported on resilient metal channels will be 
collected for modeling purposes. The data for 1 and 2 layers of 15.9 mm gypsum board 
are shown below.

Figure 2: TL for single and double layers of 15.9 mm gypsum board suspended from
resilient metal channels.

4
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Update to First Progress Report, September 1995

Single layers of OSB
Data on single and double layers of OSB and plywood alone attached to the joists will be 
collected for modeling purposes. The data for a single layer of 15.1 mm OSB are shown 
below. The data show clearly that the tongue and groove system provides an adequate 
seal.

OSB 15 WJ235

Figure 3: TL data for a single layer of 15 mm OSB. 

Single layer of 15.1 mm OSB

Figure 4: Normalized impact sound pressure level for a single layer of 15 mm OSB.

5
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Appendix E

FIRST PROGRESS REPORT 
ON ACOUSTICS/FIRE FLOOR PROJECT 

SMALL-SALE FIRE TESTS (PHASE 1)

SUMMARY

1. Small-scale assembly with plywood subfloor provided a better fire resistance 
performance than the assembly with OSB subfloor.

2. Glass fibre insulation thickness did not play a significant role in the fire resistance 
performance of small-scale floor assemblies.

3. Glass, mineral and cellulose fibre insulations provided an increase in the fire resistance 
performance of 44%, 64% and 104%, respectively, compared to a non-insulated small- 
scale floor assembly.

TEST RESULTS

The small-scale fire resistance test results for Phase 1 are presented in Table 1. 
Assemblies SF-01 to SF-06 failed on single temperature rise, 180°C above the ambient 
temperature, while assembly SF-07 failed on average temperature rise 140°C above the 
ambient temperature.

EFFECT OF SUBFLOOR TYPE

Tests SF-01 (OSB subfloor) and SF-02 (plywood subfloor) were conducted to 
investigate the effect of subfloor type on the fire resistance performance of small-scale 
assemblies. These assemblies were constructed without insulation in the floor cavity. The 
temperature distributions on the gypsum board and subfloor surfaces facing the floor 
cavity, on the side of wood joist and on the unexposed surface are presented in Figure 1. 
This Figure shows that, the gypsum board joint, at the centre of the assembly, is fully open 
at 18 min. The temperature of the gypsum board ceiling finish and the subfloor surfaces 
were higher in the assembly with OSB subfloor than the assembly with plywood subfloor.

The temperature failure criterion was reached at 45 min for Test SF-01 and at 
55 min for test SF-02. These results suggest that an assembly with OSB subfloor has a 
lower fire resistance performance than an assembly with plywood subfloor. Therefore, 
OSB was used in Tests SF-03 to SF-07.

EFFECT OF GLASS FIBRE INSULATION THICKNESS

Tests SF-03 (90 mm), SF-04 (180 mm) and SF-05 (270 mm) were conducted to 
investigate the effect of glass fibre insulation thickness in floor cavity on the fire resistance 
performance of small-scale assemblies. In these tests, the temperature was also measured 
inside the wood joist at 63 mm and 90 mm from the exposed surface. The temperature 
distributions on the gypsum board and subfloor surfaces facing the floor cavity, on the side 
o f the wood joist, on the inside of wood joist and on the unexposed surface are presented 
in Figures 2 and 3. These Figures show that the insulation thickness did affect the 
temperature distribution on the gypsum board and on the subfloor surfaces facing the floor 
cavity. However, the overall effect on the fire resistance was minimal

The temperature failure criterion was reached at 65 min for Test SF-03, at 66 min 
for Test SF-04 and at 64 min for Test SF-05. These results suggest that the effect of the
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glass fibre insulation thickness on the fire resistance performance of small-scale assemblies 
was insignificant.

EFFECT OF INSULATION TYPE

Tests SF-03 (glass fibre 90 mm), SF-06 (cellulose fibre sprayed wet on the 
subfloor, 76 mm, as well as on the side of the wood joists, 48 mm) and SF-07 (mineral 
fibre 90 mm) were conducted to investigate the effect of the insulation type on the fire 
resistance performance of small-scale assemblies. The temperature distributions on the 
gypsum board and subfloor surfaces facing the floor cavity, on the side o f the wood joist, 
on the inside of the wood joist and on the unexposed surface are presented in Figures 4 
and 5. These figures show that, during the first 55 min, the assembly with cellulose fibre 
insulation has a lower temperature distribution than the assembly with glass or mineral 
fibre insulation. Also, the assembly with mineral fibre insulation provided a lower 
temperature distribution than the assembly with glass fibre insulation.

The temperature failure criterion was reached at 65 min for Test SF-03, at 92 min 
for Test SF-06 and at 74 min for Test SF-07. These results suggest that, glass, mineral 
and cellulose fibre insulations provided an increase of 44%, 64% and 104% in the fire 
resistance performance, respectively, compared to a non-insulated assembly. It should be 
noted that these assemblies were unloaded small-scale assemblies.
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Table 1. Small-Scale Wood Joist Floor Fire Test Assemblies (Series 1S)

Assembly Joist Celling Finish Sub-Floor Cavity Insulation Resilient Channels Floor Topping Wood Furring Point Average

Number Type Depth Spacing Type Thick LByers Type Thick Type Thick Location Orient. Spacing Type Thick Spacing Thick Failure Failure

(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (min) (min)

S F -0 1 WJ 240 400 X 15.9 i OSB 15.9 ... ... ... Per 400 ... ...
4 5 4 5

S F -0 2 WJ 240 400 X 15.9 i PLY 15.9 ... ... ... Per 400 ... ... ...
5 5 5 5

S F -0 3 WJ 240 400 X 15.9 1 OSB 15.9 G1 90 B Per 400 ... ...
6 5 66

S F -0 4 WJ 240 400 X 15.9 1 OSB 15.9 G1 180 B Per 400 ...
6 6 70

S F -0 5 WJ 240 400 X 15.9 1 OSB 15.9 G1 270 full Per 400 ... 64 ...

S F -0 6 WJ 240 400 X 15.9 1 OSB 15.9 C1 76 T Per 400 ... ...
9 2 94

S F -0 7 WJ 240 400 X 15.9 1 OSB 15.9 M l 90 B Per 400 ... ... 76 74

Per - Perpendicular to Wood Joists C1 - Cellulosic Fibre Insulation (wet sprayed) OSB - Oriented Slrandboard

X - Type X Ml - Mineral Fibre Insulation Batts Ply - Plywood

G1 - Glass Fibre Insulation Batts WJ - Wood Joist B - Bottom ol Floor Cavity

T - Top ol Floor Cavity

*** - Null Value
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Figure 1. Temperature Distributions For JRP Ceiling Fire Tests SF-01 and SF-02
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Joint Research Project on the Fire and Acoustical Performance of Floor Assemblies
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Minutes

First Meeting of the Steering Committee 
o f the

Joint Research Project 
on the

Fire and Acoustical Performance of Floor Assemblies 
held at the

Institute for Research in Construction 
National Research Council Canada 

Ottawa, Ontario 
Tuesday April 18, 1995

1. Introduction o f Steering Committee members

The meeting was called to order at 9:00 a.m. and the Chairman asked the members 
to introduce themselves. The following is a list o f attendees and their organizations:

Acoustics Laboratory, NRCC/IRC Alf Wamock
Canada Mortgage & Housing Corp. Jacques Soucy
Canadian Association o f Firefighters Maurice Sandford 

James McAllister
Canadian Codes Centre, NRCC/IRC John Haysom 

Raman Chauhan
Canadian Home Builders Association Ross Monsour 

Gary Schafer
Canadian Sheet Steel Building Institute John Rice
Canadian Wood Council Rod McPhee
Cellulose Insulation Manufacturers Normand Carbonneau

Association of Canada Craig Holzscherer
Forintek Canada Corp. Les Richardson 

Don Onysko
Gypsum Association (USA) Robert Wessel
Gypsum Manufacturers o f Canada Brad Wing 

Dan Bailey
National Fire Laboratory, NRCC/IRC Ken Richardson, Chairman 

Mohamed A. Sultan
Ontario Home Warranty Program Robert Marshall
Ontario Ministry o f Housing Ali Ariani
Owens-Coming Canada Bob Rymell
Roxul Inc. John Evans
Truss Joist MacMillan (USA) Joe Piscione 

Michael Walsh
• Truss Plate Institute (USA) Charles Goehring

2. Opening Remarks

The Chairman welcomed the members to the First Meeting o f the Steering
Committee.

3. Review o f Project Deliverables, Timing and Technology Diffusion

Mohamed Sultan presented the following:
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Project Deliverables

• All partners will receive a copy o f the final report which will include the results 
of the fire and acoustics studies.

• Additional data collected from the fire and acoustics tests will be published in 
NRCC/IRC internal reports and each partner will receive copies o f the reports.

Timing

• The test program of this project is expected to start in May 1995 and expected 
to be completed by May 1997.

• The final report will be completed 3 months after the completion o f the test 
program.

• The NRCC/IRC internal reports, which will include the additional data, will be 
completed 6 months after the completion of the final report.

Technology Diffusion

• NRCC/IRC will publish the results of the project widely.
• NRCC/IRC staff members will work with the Steering Committee in 

transferring the results of the project to the National Building Code of Canada 
(NBCC) Committees and other codes.

4. Tour o f NRCC/IRC Testing Facilities (Fire and Acoustics)

A tour was given to all members o f the Steering Committee to see the NRCC's 
Fire and Acoustics testing facilities.

5. Project Overview (Objective, Issues and Tests)

Alf Wamock (Acoustics) and Mohamed Sultan (Fire) provided an overview of the 
project as follows:

Acoustics

Objectives

(A) To establish airborne sound transmission class (STC) and sound transmission 
loss values for different floor systems.
•  To identify the important parameters associated with using sound 

absorbing material in floors.
•  To provide modem data for light and heavy floor systems. Modem test 

methods are greatly superior to those used even 15 years ago. New test 
data will be more reliable and a controlled series should give less 
equivocal results than those currently available.

•  Most existing bodies o f sound transmission loss data are inadequate for a 
number o f reasons. They give no information about low frequency sound 
transmission (this is a serious deficiency considering the increasing 
concern over low frequency noise) and drywall has become lighter over 
the years rendering much test data obsolete.

•  To find floor assemblies with STC 50 or more.
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Project Deliverables

• All partners will receive a copy o f the final report which will include the results 
of the fire and acoustics studies.

• Additional data collected from the fire and acoustics tests will be published in 
NRCC/IRC internal reports and each partner will receive copies of the reports.

Timing

• The test program of this project is expected to start in May 1995 and expected 
to be completed by May 1997.

• The final report will be completed 3 months after the completion o f the test 
program.

• The NRCC/IRC internal reports, which will include the additional data, will be 
completed 6 months after the completion o f the final report.

Technology Diffusion

• NRCC/IRC will publish the results of the project widely.
• NRCC/IRC staff members will work with the Steering Committee in 

transferring the results of the project to the National Building Code of Canada 
(NBCC) Committees and other codes.

4. Tour of NRCC/IRC Testing Facilities (Fire and Acoustics)

A tour was given to all members of the Steering Committee to see the NRCC's 
Fire and Acoustics testing facilities.

5. Project Overview (Objective, Issues and Tests)

Alf W amock (Acoustics) and Mohamed Sultan (Fire) provided an overview of the 
project as follows:

Acoustics

Objectives

(A) To establish airborne sound transmission class (STC) and sound transmission 
loss values for different floor systems.
•  To identify the important parameters associated with using sound 

absorbing material in floors.
•  To provide modem data for light and heavy floor systems. Modem test 

methods are greatly superior to those used even 15 years ago. New test 
data will be more reliable and a controlled series should give less 
equivocal results than those currently available.

•  Most existing bodies o f sound transmission loss data are inadequate for a 
number of reasons. They give no information about low frequency sound 
transmission (this is a serious deficiency considering the increasing 
concern over low frequency noise) and drywall has become lighter over 
the years rendering much test data obsolete.

• To find floor assemblies with STC 50 or more.
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(B) To establish impact insulation class (IIC) and impact sound transmission 
values for different floor systems.
•  To investigate the effectiveness of different techniques for controlling 

low frequency footstep noise.
• The stiffening provided by joists can have a major influence on sound 

transmission loss. Little is known about this beyond the fact that it 
happens. Joist length may also be an important factor.

Fire

Objectives

• To determine the impact of the STC changes in Part 9 of the 1990 National 
Building Code of Canada on the fire resistance ratings of insulated and non- 
insuiatcd floor assemblies.

Fire Issues

• Code requirement ratings (45 min and/or 60 min)
• Gypsum board thickness (12.7 mm and/or 15.9 mm)
• Gypsum board joints (backed or unbacked)
• Type of joist (conventional, wood I-joist and steel)
• Joist depth and spacing
• Type of insulation (glass, cellulose and rock fibres)
• Insulation thickness
• Insulation support system in floor cavity
• Location o f insulation in floor cavity
• Type, depth and spacing o f wood truss
• Type and thickness o f sub-floor (OSB or Plywood)
• Type o f floor deck (wood or concrete)

Fire Resistance Tests

• Based on the total cost of the project, 16 full-scale and 25 small-scale fire 
resistance tests will be conducted. Should additional partners join the project, 
the number o f full- and small-scale fire resistance tests will be increased.

• The Canadian Wood Council agreed to provide the Committee with the design 
structural loads for all wood floor systems.

• The Canadian Sheet Steel Building Institute agreed to provide the Committee 
with the design structural loads for steel floor systems.

• A copy o f a paper on the results of a previous Joint Research Project between 
NRCC/IRC and the Canadian Wood Council on insulated wood joist and wood 
truss systems is attached as Appendix A.

• A member expressed a concern about floor systems with more than one 
gypsum board layer. He said that due to the weight of the gypsum board, steel 
resilient channels might not be able to support more than one gypsum layer.
The gypsum industry members said this should not be a concern, especially for
12.7 mm thick gypsum board. The representative from the Canadian Sheet 
Steel Building Institute suggested that, in floors with C steel joists where more 
than one gypsum board layer is applied on resilient channels, the resilient 
channels should be replaced by steel furring channels.

• The Committee agreed that the ceiling finish construction should follow the 
1995 NBCC requirements.
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(B) To establish impact insulation class (HC) and impact sound transmission 
values for different floor systems.
• To investigate the effectiveness o f different techniques for controlling 

low frequency footstep noise.
• The stiffening provided by joists can have a major influence on sound 

transmission loss. Little is known about this beyond the fact that it 
happens. Joist length may also be an important factor.

Fire

Objectives

• To determine the impact of the STC changes in Part 9 of the 1990 National 
Building Code o f Canada on the fire resistance ratings of insulated and non- 
insulatcd floor assemblies.

Fire Issues

• Code requirement ratings (45 min and/or 60 min)
• Gypsum board thickness ( 12.7 mm and/or 15.9 mm)
• Gypsum board joints (backed or unbacked)
• Type of joist (conventional, wood I-joist and steel)
• Joist depth and spacing
• Type o f insulation (glass, cellulose and rock fibres)
• Insulation thickness
• Insulation support system in floor cavity
• Location of insulation in floor cavity
• Type, depth and spacing of wood truss
• Type and thickness of sub-floor (OSB or Plywood)
• Type o f floor deck (wood or concrete)

Fire Resistance Tests

• Based on the total cost of the project, 16 full-scale and 25 small-scale fire 
resistance tests will be conducted. Should additional partners join the project, 
the number o f full- and small-scale fire resistance tests will be increased.

• The Canadian Wood Council agreed to provide the Committee with the design 
structural loads for all wood floor systems.

• The Canadian Sheet Steel Building Institute agreed to provide the Committee 
with the design structural loads for steel floor systems.

•  A copy of a paper on the results of a previous Joint Research Project between 
NRCC/IRC and the Canadian Wood Council on insulated wood joist and wood 
truss systems is attached as Appendix A.

• A member expressed a concern about floor systems with more than one 
gypsum board layer. He said that due to the weight o f the gypsum board, steel 
resilient channels might not be able to support more than one gypsum layer.
The gypsum industry members said this should not be a concern, especially for
12.7 mm thick gypsum board. The representative from the Canadian Sheet 
Steel Building Institute suggested that, in floors with C steel joists where more 
than one gypsum board layer is applied on resilient channels, the resilient 
channels should be replaced by steel furring channels.

• The Committee agreed that the ceiling finish construction should follow the 
1995 NBCC requirements.
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6. Selection o f the Floor Systems for the First Phase of the Acoustics Tests

The Committee selected the wood joist floor assemblies in Appendix B for 
acoustics tests. Information on screw and nail spacing and penetration through wood 
joists will be forwarded to the members for review.

7. Selection of the First Small-Scale Floor Systems for Fire Tests

The Committee selected the small-scale wood joist floor assemblies in Appendix C 
for fire tests. Details on the construction of these small-scale assemblies will be sent to the 
members for review.

8. Other Business

Attendance at fire and acoustics tests: The Committee agreed that all partners 
have the right to attend the fire and acoustics tests. NRCC requested that observations 
collected from the tests should be for the members' internal use only and should not be 
made public prior to the completion of the final test report.

9. Date o f Next Meeting

The next meeting will be held at the National Fire Laboratory (Building M-59), 
National Research Council Canada on September 20, 1995.

10. Adjournment

The Chairman adjourned the meeting at 3:00 p.m.
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30-10C-045
FORINTEK CANADA CORP.

Eastern Laboratory 
Building Systems Department - Fire

MEETING REPORT 
Partnership Committee 

Fire and Acoustical Performance of Floors

L.R. Richardson

The first meeting of the partnership Committee overseeing the collaborative research project on 
fire and acoustical performance of floors was held on April 18, 1995 at Building M-59 on the 
NRC Campus. Forintek was represented by Les Richardson.

COMMENT: One o f  the m ost knowledgeable scientists in North America about the acoustical 
performance o f  floors is Don Onysko o f  DM O & Associates. Forintek has 
contracted Onysko’s services to advise us on matters related to the acoustical 
performance o f  wood floors. Don attended this meeting fo r  Forintek. During the 
meeting, N R C ’s acoustical scientists regular deferred to him on questions about 
the acoustical performance o f  test floors.

Confirmed wood-industry partners in this NRC project include CWC (represented by Rod 
McPhee) and Truss-Joist Macmillan (represented by Joe Piscone). Although no one from their 
company attended this meeting, I expect Jaegar Industries to become a partner. The Truss-Plate 
Institute (Madison, WI) attended the meeting. I doubt that they will join the project.

There were a number of Americans at this meeting, including Bob Wessel from The Gypsum 
Association.

NRC expects to take 24 months to complete all of the tests (until August, 1997). After that, 
they will need three months to write the final report. There were three reports for walls (sound 
tests, small-scale fire tests and full-scale fire tests). There will be only one report for floors. 
It will contain the results o f the sound tests and both the small-scale and full-scale fire tests. 
Preparation o f internal NRC report(s) containing all o f the ancillary data collected during the fire 
tests will require an additional six months.

This fall, NRC will publish a report on all of the acoustical data collected during their sound 
tests on interior walls.

Partnership Committee April 18, 1995
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NRC will repeat one full-scale fire test on a wood-frame floor assembly in order to determine 
the repeatability of the test method and reproducibility of their furnace.

NRC is able to mount a video camera with a wide-angle lens through a special viewing port in 
their small-scale and full-scale furnaces. This camera can record what visually happens to the 
protective gypsum-board membrane on each assembly during testing.

Currently, the NBCC contains no requirements for impact-sound transmission. NRC scientists 
doubt that the code will ever contain such provisions. Nevertheless, NRC will determine EC 
ratings (Impact Insulation Class) for all o f the floor assemblies. The cost for IIC measurements 
is negligible. Although Canada may not have IIC requirements, other jurisdictions do. 
Collection of this data will make it easier to market floors designs in those jurisdictions.

Low-frequency impact sound transmission is a much greater problem for "light-weight" wood 
joist floor systems than for "heavy" concrete floors.

NRC will measure the acoustical performance of at least 100 different floor designs during this 
project.

Although CSA has withdrawn all of their standards for gypsum board and its application in 
favour of parallel ASTM standards, the 1995 NBCC will continue to reference the withdrawn 
CSA standards. Consequently, assemblies examined in this project will be constructed according 
to the minimum specifications in CAN/CSA-A82.31-M91 and the 1995 NBCC.

NOTE: Brad Wing (Westroc) stated that there are no serious differences between the
withdrawn CSA standards and parallel ASTM standards.

The gypsum industry does not recommend more than one layer of gypsum board (V2 " or greater) 
be attached to ceilings using resilient metal channels.

Because metal furring channels can carry the weight of two layers o f gypsum board on ceilings, 
the steel industry would like to know how well metal furring channels and each of the different 
designs of resilient metal channels perform, acoustically.

During the first five or six months, NRC will carry out various sound tests and seven to ten 
small-scale fire tests. They will not do any full-scale fire tests until next autumn.

One series of sound tests will examine the effect that backing-off, by successive V* revolution 
turns, the screws which attach the OSB subfloor to the joists has on acoustical performance.

NRC will also examine the impact that backing-off the screws which fasten the gypsum board 
ceiling to the joists has on acoustical performance.
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Comment: This mini-study is one o f  the recommendations that Onysko made during private
conversations he had with A lfW am ock  o f  NRC. Loosening o f  the fasteners that 
hold the subfloor or ceiling to the jo is ts  will reduce the structural performance o f  
the assembly. This would have a serious im pact on the fire  performance o f  
loadbearing floors. Don argues that this loosening occurs naturally in floors as 
they are "worked-in Nevertheless, it is not a practice that should be fo llow ed  
in the fire  tests. Fire-endurance tests are, by their very nature, idealized  
procedures that are not intended to represent "real-w orld" situations.

Comment: Forintek’s prim ary goal fo r  this work is the development o f  information fo r
publication in the NBCC. There are many "research " issues associated with the 
acoustical performance o f  floors that could be studied, and this project offers one 
o f  the best opportunities fo r  researching those issues. However, none o f  those 
issues should be investigated i f  it would incur additional costs fo r  the industry 
partners (Forintek), delay the time required to complete the tests, or compromise 
acceptability o f  the test results by code authorities. CWC sees the issue o f  
backing-off o f  fasteners as one such issue. Nevertheless, Don has convinced NRC  
that they should do these tests in order to better interpret the significance o f  data  
from  the other tests (i.e. the variability resulting from  inconsistent construction 
practices and testing techniques).

CHBA reported that approximately 80 percent of subfloors in "quality" residential wood-frame 
buildings are glued AND nailed with an air gun. In most of these tests, the sub flooring will be 
screwed to the joists. This will make it easier for NRC to carry out sequential modifications to 
each assembly (e.g. investigating various thicknesses and types o f insulation).

One series of sound tests will determine if there are any differences in the acoustical 
performance of floors when subfloors are nailed as compared to screwed to the structural 
elements. They will also look at the impact of gluing and nailing on acoustical performance.

As jo ist length increases, low-frequency sound transmission worsens. Therefore, one series of 
tests will determine the effect that joist length has on the broad spectrum of sound transmission.

Metal furring channels are made from 20 or 25 gauge steel. Their depth is 7/s". Resilient metal 
channels are manufactured from thinner steel and have a depth o f lh " . NRC will examine the 
stiffness of various resilient metal channels and metal furring channels.

NRC will nail wood furring straps to the joists: they will attach metal furring channels using 
screws.

NRC will examine the implications o f attaching two layers o f gypsum board to ceilings using 
resilient metal channels.
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Acoustically, it doesn’t matter whether the insulation in a floor cavity is against the ceiling or 
the subfloor. Placing insulation against the gypsum board ceiling reduces the fire resistance of 
ceiling membranes. However, to convince code authorities that the location o f the insulation 
makes no acoustical difference, one series o f sound tests will be carried out with insulation 
against the ceiling and another with it against the subfloor. Loose-fill cellulose insulation in the 
floor cavities will be blown onto a jute mesh in order to keep it suspended above the ceiling 
membrane.

Whenever the Gypsum Association (US) determines the fire endurance of floors, they use 
"bridging wires" to hold the insulation against the subfloor.

SOUND TESTS - Preliminary Phase

Wood joist floors - OSB subfloor on 2x10 joists, cavity 75% filled with sound absorbing 
material, lx x/2 " Type X GWB ceiling attached directly to the joists 

Effect of screw tightness - 4 screw settings (4 floors)

Wood joist floors - OSB subfloor on 2x10 joists, cavity 75% filled with sound absorbing 
material, lx  Vi" Type X GWB ceiling attached to the joists with resilient metal channels 

Effect of joist length - 4.7, 4.0, 3.5, 3.0, and 2.5 m spans (5 floors)

Wood joist floors - OSB subfloor on 2x10 joists, cavity 75% filled with sound absorbing 
material, lxVi" Type X GWB ceiling attached to the joists with either resilient metal channels 
or wood furring strips

Effect of spacing of wood furring straps and/or resilient metal channels (9 +  floors)

Wood joist floors - OSB sub floor on 2x10 joists, cavity 75% filled with sound absorbing 
material, GWB ceiling attached to the joists with resilient metal channels

Effect of gypsum board type, thickness and number o f layers (5 floors)

Wood joist floors - OSB subfloor on 2x10 joists, cavity containing sound absorbing material, 
lx  Vi " Type X GWB ceiling attached to the joists with resilient metal channels 

Effect o f thickness and type of sound absorbing material (7 floors)

Wood joist floors - OSB subfloor on 2x10 joists 400-mm o .c ., with and without sound absorbing 
material in the cavity, lx s/a" Type X GWB ceiling attached to the joists with and without wood 
furring strips (4 floors) [These are reference floors]

Wood joist floors - wood panel subfloor on 2x10 joists, cavity 75 % filled with sound absorbing 
material, lx 6/a" Type X GWB ceiling attached to the joists with resilient metal channels 

Effect o f one and two layers of OSB and CSP as subflooring (4 floors)
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SMALL-SCALE FIRE TESTS - Preliminary Phase

Wood joist floor - OSB subfloor on 2x10 joists 400-mm o.c., lx%" Type X GWB on RC’s 300- 
mm o.c.

Wood joist floor - CSP subfloor on 2x10 joists 400-mm o.c., lx%" Type X GWB on RC’s 300- 
mm o.c.

Wood joist floor - OSB subfloor on 2x10 joists 400-mm o.c., 90-mm GI in bottom of cavity, 
lx% " Type X GWB on RC’s 300-mm o.c.

Wood joist floor - OSB subfloor on 2x10 joists 400-mm o.c., 180-mm GI in bottom of cavity, 
lx 5/a" Type X GWB on RC’s 300-mm o.c.

Wood joist floor - OSB subfloor on 2x10 joists 400-mm o.c., cavity filled with GI, lx5/a" Type 
X GWB on RC’s 300-mm o.c.

Wood joist floor - OSB subfloor on 2x10 joists 400-mm o.c., 90-mm Cl in bottom of cavity, 
lx5/a" Type X GWB on RC’s 300-mm o.c.

Wood joist floor - OSB subfloor on 2x10 joists 400-mm o.c., 90-mm MI in bottom of cavity, 
lx 5/a" Type X GWB on R C ’s 300-mm o.c.

Wood joist floor - OSB subfloor on 2x10 joists 400-mm o.c., 90-mm MI at the top of cavity, 
lxVa" Type X GWB on R C ’s 300-mm o.c.

The next meeting of the partnership committee has been scheduled for 9:00 am on September 
20, 1995 in Building M-55 on the NRC Campus.
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| t |  Canada Canada

Institut de
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Ottawa. Canada 
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Institute for
Research in Construction

A S C C A f f C
9314-JRP

9 January 1996

Mr. Leslie R. Richardson
Forintek Canada Corp., Building Systems
Department - FIRE
Carleton Technology Training Centre
1125 Colonel By Drive, Suite 4100
Ottawa, ON
K1S 5R1

Dear Richardson:

The purpose of this communication is to review the specimens chosen at the last
consortium meeting and to suggest a practical way of dealing with the increase in scope 
requested at the meeting. F

The consortium has requested that a total of twelve specimens receive acoustical testing- 
four more than were originally considered in the costing of the original proposal. As 
stated at the last committee meeting, the expanded scope will require both additional time

Figures A2, A4 to A9 of Appendix A show the sketches of the constructions already 
tested (Cases I to VI, and V m ) along with a summary of the measured data. Figures B 1 
to B5 show sketches of the specimens requested for testing but not yet completed.

After briefly discussing this expanded scope with some of the current consortium members 
and other interested parties, it is felt that the scope of the existing project should be left to 
a maximum of nine specimens, with the additional specimens of Phase I forming the first 
specimens of a second, separately funded study; Phase H

With the division o f specimens as indicated in Table 1, Phase I will have satisfied the 
conditions of the contract; the project will have examined nine different specimens 
involving six different fire stop configurations, two retro-fit solutions and one Base Case, 

hase I testing should be completed testing by February ‘96 without additional financial 
contributions for the scope of work defined by the nine specimens. The acoustical and fire 
results of Phase I would be formally reported to the committee and a summary report 
could be prepared for general release to the industry before the summer
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The completed Phase I project will allow designers and practitioners to choose the most 
appropriate fire stopping method for the required degree of sound isolation as well as 
provide two retro-fits to improve the sound isolation in the event of a “deficient” 
construction.

Case
Number

Case Description Status Proposed Phase

I Base Case Completed I
II Cavity absorption Completed I

IH 25: mm gypsum board 
(row construction)

Completed ' I

EV 25 mm gypsum board 
' {apartment construction)

Completed I

V 0.38 mm sheet steel Completed I ; '

VI Semi-rigid material Completed I

VII Retrofit: Additional layer 
of decking over 

continuous 16 mm OSB

Proposed simplified 
retro-fit (40 mm 
concrete topping 

moved to Phase IT)

I ■ :

v in 16 mm continuous OSB Completed I

IX Retrofit: floating floor 
over continuous 16 mm 

OSB

Committee selected: 
not measured

I

X i Retro-fit; 16 mmi .
continuous OSB +

40 mm.conerete topping:

Committee selected: 
not measured

fl

Xv.-'.vC-iïx 19 mm continuous. OSB Committee selected; 
not measured

f • • • ,% w  - <
4 " '' H  ' m

XJÏ
m 1 ,LtLM„ULl

|  re-orient joists (non-load 
bearing party watt) with 
confinuoBS 16 mm OSB

Committee selected: 
nmmeosumi 

Committee selected;- 
not measured

h  y , mm 11
II! '■?/, Wm |

Table 1: Proposed division of specimens between Phase I and Phase II.
Note: Case X (Retro-fit: Case VIII + 40 mm thick concrete topping) has been moved to Phase II 
(due to the fact that the floor/ceiling assembly will have to be rebuilt after the topping is 
removed). An alternate retro-fit has been suggested and is listed as Phase I Case VII.

The specimens that comprise the expanded scope of Phase I would then become the first 
specimens in a new project; Phase EL Phase EL primarily an acoustical study, would 
consider the construction and joint details necessary such that the sound isolation of the 
separating element is not limited by flanking transmission in the supporting or connected
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structure(s). The type of constructions would include wood frame, steel frame, and 
masonry/concrete.

Phase II, being a separate project, would be funded and directed by a new consortium 
committee. It is hoped that existing members of Phase I committee will join the Phase II 
project as well as other industry partners. The project would commence in early summer 
‘96, after the completion of the Phase I report and a more detailed analysis of Phase I 
data.

Phase II will expand on the work of Phase I and will look at joint and construction details 
so that the maximum sound isolation potential is achieved by minimizing the flanking 
transmission in supporting or connected structures. Phase II will not be limited to wood 
frame construction, it will also consider masonry/concrete as well as steel frame.

Attached is a copy of the draft Phase II proposal. Your comments on the proposed 
division of specimens is requested on or before December 8, 1995.

Trevor R.T. Nightingale Ph.D. 
Acoustics Laboratory

96-A-5

Enel.
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Flanking Sound Transmission in Multi-Family Dwellings 

Phase H: Transmission Via Structural Connections

Flanking Sound Transmission in Multi-Family Dwellings
_______Part II: Transmission Via Structural Connections_______

Objectives

Develop, for several types of multi-family constructions, a series of construction details 

that provide adequate acoustical sound isolation without compromising the Fire resistance 

and structural integrity, all as required by the National Building Code of Canada, and to 

develop a set of basic practical design guidelines for optimizing sound isolation.

Background

The level o f sound isolation between units expected by occupants of multi-family 

dwellings has increased dramatically in recent years. It is now widely recognized that the 

minimum building code requirement of sound transmission class (STC) of 50 for a 

partition will not provide sufficient isolation for most occupants; a higher degree of sound 

isolation is typically demanded. Even in the early 1980’s, it was shown that a “net” or “as- 

installed sound isolation of at least STC 55 was required for the significant majority of 

occupants to be satisfied.

Achieving a net sound isolation in excess of STC 50 requires special attention to joint 

details and careful consideration of supporting elements as these introduce transmission by 

flanking paths (Le., paths other than directly through the nominally separating partition). 

Ideally there would be no flanking paths, in which case the net sound isolation would be 

just that of the separating partition. Invariably, flanking paths ex ist This is because the 

separation must be connected to other building surfaces. The magnitude of the impact on 

the sound isolation caused by flanking is a complex function involving the construction of 

the connected surface and the type of joint. Flanking transmission may explain the 

commonly observed difference between laboratory sound isolation and the ‘net’ sound 

isolation experienced in homes.

179/96
CONFIDENTIAL

Page: 1
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Flanking Sound Transmission in Multi-Family Dwellings
Part II: Transmission Via Structural Connections

Justification

Builders who construct to the minimum requirement of STC 50 in the NBC are 

experiencing a significant number of complaints and even call-backs, damaging the 

reputation of the builder, product manufacturers, and the perceived quality of type of 

construction (wood frame, steel frame or masonry). Aware of this, the construction 

industry wishes to provide dwellings that offer a higher degree of sound isolation. 

Unfortunately, there is insufficient design information outlining separation and joint details 

that will allow for the efficient construction of dwellings offering the higher degree of 

sound isolation desired by the consumer.

In the absence of practical detail information, designers and builders have been using the 

widely accepted rule-of-thumb to over-design by 5 STC points as a hedge against flanking 

transmission. IRC/NRC projects have shown that this rule-of-thumb was, in some cases, 

grossly inadequate and in others completely unnecessary. The accuracy or even 

applicability of this rule-of-thumb is highly questionable when dealing with double leaf 

constructions.

More practical information is needed to allow architects to design and, builders to 

construct, multi-family homes that have the higher degree of sound isolation desired by 

occupants while minimizing construction costs.

Information on the correct fire stop detailing (for constructions that are both sound and 

fire rated) was provided by the joint research project Flanking transmission a t jo in ts in 

multi-family dwellings P art I: Transmission via fire  stops. While the project answered 

many questions about practical fire stop detailing, it illustrated the potential impact of 

flanking transmission in North American constructions and the lack of information on how 

to effectively and efficiently control i t  The project showed that the net sound isolation of

1/9/96
CONFIDENTIAL

Page: 2
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Flanking Sound Transmission in Multi-Family Dwellings
Part II: Transmission Via Structural Connections

a floor ceiling assembly was limited to FSTC 53 due to flanking paths involving the load 

bearing walls even though the floor/ceiling assembly had a potential of FSTC 59.

Clear and simple information is need by builders and designers who wish to provide cost 

effective constructions that will satisfy the vast majority of occupants. This information is 

needed for the three major construction types: wood frame, steel frame and masonry.

Proposed Joint Research Project

This project will produce joint and separation details such that the net sound isolation of 

the complete assembly is significantly better than STC 50, as installed.

The project will study the sound isolation offered by at least 9 construction assemblies. 

Ideally there would be an equal division between wood frame, steel frame and 

masonry/concrete constructions. For each assembly the following will be done:

• Airborne sound isolation tests (ASTM E336, two between each pair of rooms; twelve 

in total);

• Impact sound isolation tests (ASTM E1007, six in total);

• Determine dominant flanking paths using intensity scans (three scans in two rooms; six 

in total);

• Structural damping and modal response measurements (floor, ceiling and two walls; 

four in all);

• Model the flanking transmission paths for the purpose of extrapolating to other 

constructions and estimating impact of various retro-fits.

Practical limits for sound isolation of the separation will be determined by examining the 

relative importance o f the direct path through the separation and the flanking paths 

associated with connected surfaces. (Establishing practical limits will enable designers and 

builders to better choose the correct combination walls and floors to achieve the design 

goal.) For cases where flanking transmission limits the sound isolation, several practical

C O N F ID E N T IA L
1/9/96 Page: 3
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Ranking Sound Transmission in Multi-Family Dwellings
Part U: Transmission Via Structural Connections

retro-fit will be suggested and one will be tested. Computer prediction models will be 

used to rank order the effectiveness of the proposed retro-fits and to estimate the 

effectiveness for constructions not considered in this project.

The objectives will be accomplished through the following steps:

• Establishing a steering committee from consortium members who will select the 

specimens to be examined and their construction;

• Meeting with industry groups to establish normal construction practice for the three 

construction types, wood, steel, and masonry;

• Establishing a set of 9 joint and construction details;

• Examining the performance of these assemblies in IRC’s flanking sound transmission 

facility and re-engineer, as required, to obtain sound isolation that is not limited by 

flanking transmission;

• Working with members of the consortium committee to create a summary document 

for general release to the construction industry.

The following sources of flanking transmission are suggested for examination in the 

testing series:

1. Load and non-load bearing party walls (and their impact on the sound isolation on 

floor/ceiling assemblies);

2. Corridor or other connected walls (and their impact on the sound isolation of party 

wall assemblies);

3. Continuous shear diaphragms (and their impact on the sound isolation of a party wall 

assembly).

Deliverable Items

A report containing drawings (to architectural standards) of the constructions tested will 

be given. Each specimen and its chosen retro-fit will be listed with the measured data, a 

discussion of the dominant flanking paths will be given along with a rank ordering of the

C O N F ID E N T IA L
1/9/96 Page: 4
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Ranking Sound Transmission in Multi-Family Dwellings
Part II: Transmission Via Structural Connections

retro-fit solutions not selected for measurement. The resulting details will be published as 

widely as possible to ensure maximum exposure. The summary document created by the 

committee will be submitted to code and industry organizations for inclusion in their 

literature.

Schedule

The project will commence early summer 1996. It is expected that it will take 24 months 

to complete. Meetings to report progress to the consortium members will occur every six 

months or sooner, as required.

Resource Requirements

The total project cost is estimated to be $210,000 and will be distributed among 

consortium members and IRC/NRCC. The IRC/NRCC win make a contribution to the 

project of up to 40% of the total project cost.

1/9/96
CONFIDENTIAL

Page: 5
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops____________________

Appendix A

Measured Data 

and

Construction Sketches 

for

Cases I — VI, and VIII

November 15, 1995.

P re lim in a r y  D ata  - N o t fo r  P u b lic a tio n

1 1 /1 7 /9 5

Page: A1
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops_____________________ 11/17/95

Case I: (Base Case) No Fire Stop

A irborne Sound 
Isolation

Room Pairs
Case: I 
(FSTC)

Change re 
Base Case

Horizontal A-B 52 —

C-D 53 —

Vertical A-C 45 —

B-D 56 —

Diagonal A-D 71 —

B-C 69 —

Im pact Sound 
Isolation

Room Pairs
Case: I 
(FHC)

Change re 
Base Case

Horizontal A-B 61 —

Vertical A-C 39 —

B-D 51 —

Diagonal A-D 61 —

B-C 62 —

Prelim inary Data - Not for Publication Page: A2
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops_____________________ 11/17/95

Case I: Base Case

Fire Stop Detail Application:
Base Case does not provide any fire stopping.

Purpose:
To establish a base case to which specimens having a fire stop at the joint can be 
compared. If there is no difference between the base case and the cases with the fire stop 
then, the presence of the fire stop has no effect acoustically.

Party Wall:
Double wood stud load-bearing wall having separate head and sole plates (nominal 25 mm 
separation between frames), double head plate, 90 mm batt insulation material filling one 
side of the wall cavity, finished with a single layer of 15.9 mm type X gypsum board either 
side.

Floor
15.9 mm OSB floor decking, 38x235 mm wood studs 400 mm o.c., 180 mm of batt 
insulation material (2 layers of 90 mm batt material were used), bridging and strapping; 
19x64 mm strapping 600 mm o.c. used as furring strips, 19x64 mm bracing no more than 
2100 mm o.c. located at strapping points (See Figure 1);
Room C: two layers of 15.9 mm type X gypsum board placed directly on the wood 
furring;
Room D: generic resilient channels 600 mm o.c., placed perpendicular to the strapping, 
two layers of 12.7 mm type X gypsum board.

89x235mm joists

\
, 90mm 

600mmN
600mmV
600mm

600mm

600mm
V

600mm
v

v 600mm\

4.54m — --------------------

FLOOR PLAN ROOM A: BASE CASE 
View from below
ROOM B SIMILAR CONSTRUCTION

Figure A l: Reflected, plan view o f the floor framing typical o f rooms A and B.

Preliminary Data - Not for Publication Page: A3
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops____________________ 11/17/95

Floor/Wall Intersection:
Load bearing party wall with the joists perpendicular to the party wall, single joist header, 
no batt insulation in the nominal 25x365 mm cavity formed by the joist headers and the 
wall plates.

No Seal*
VERTICAL SECTION: FLOOR ANO PARTY WALL 
Caaa: I Basa Caaa

Figure A2: Section through the floor and party wall o f the Base Case assembly.

Facade Wall:
Figure 3 shows the intersection of the party and flanking walls. In the first round of 
acoustical tests (which have been designed to establish the effect of individual fire stops at 
the wall/floor joint); the facade wall should not represent a flanking path from the upper to 
lower room. Consequently, the finish gypsum board surface has been purposely made 
massive with a resilient mount to the wall frame. As shown in Figure 1, the facade wail 
may represent the wall between a dwelling and a corridor.

Preliminary Data - Not for Publication Page: A4
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops_____________________ 11/17/95

90mm batt 
insulation

two layers 15.9mm type X 
gypsum board

resilient channel 
600mm o.c.

exterior cladding 
(not part of the 
specimen)

load bearing 
party wall

38x89mm studs 
400mm o.c.

15.9mm type X 
gypsum board

batt insulation 
140mm thick

38x140mm wood studs 
400mm o.c.

facade wall

P LA N S E C T I O N :  B A S E  C A S E  No Sc
T R O U G H  P A R T Y  A N D  F A C A D E  W A LLS  

(typical of both upper and lower rooms)

Figure A3: Plan section through the party and facade walls. Typical o f all 
rooms.

Preliminary Data - Not for Publication Page: A5
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops_______________ _ 11/17/95

Case H: Cavity completely filled with absorption

A irborne Sound 
Isolation Room Pairs

Case: II 
(FSTC)

Change re 
Base Case

Horizontal A-B 56 44
C-D 55 4-2

Vertical A-C 46 +1
B-D 56 0

Diagonal A-D 73 « ^

B-C 73 44

Im pact Sound 
Isolation Room Pairs

Case: II 
(F n c )

Change re 
Base Case

Horizontal A-B 64 4-3
Vertical A-C 39 0

B-D 50 -1
Diagonal A-D 71 + 10

B-C 70 + 8

Prelim inary  Data - Not for Publication Page: A6
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops_____________________ 11/17/95

Case II: Base Case with absorption completely filling the wall cavity

Fire Stop Detail Application:
Apartment and Row Housing

Purpose:
This assembly satisfies the intent of the NBCC (1990: 3.1.11.2.(2).a, 9.10.15.1.(2) and 
1995: 3.1.11.2.(2).a, and 9.10.15.2.(3)) since the cavity is completely filled with 
absorption. This technique is applicable to both row and apartment type constructions as 
both the top and bottom of the joint are protected.

Note: That if the nominal 25 mm separation between frame work was not filled with 
absorption there would be no appreciable difference in the sound isolation.

Party Wall:
Same as Base Case.

Floor
Same as Base Case.

Floor/Wall Intersection:
Load bearing party wall with the joists perpendicular to the party wall, single joist header, 
no batt insulation in the nominal 25x365 mm cavity formed by the joist headers and the 
wall plates.

Facade Wall:
Same as Base Case.

load bearing 
interior stud wal

single layer 15.9mm 
gypsum board type X 

batt absorption 
180mm thicks &

Ifà U W èW éW èï: MhW*V*W*V*VMV*W*V*î*Vi

15.9mm OSB 
screwed

resiient channel 
this side only

two layers 15.9mm 
gypsum board type X

two layers 12.7mm 
gypsum board type X

bad absorption 
completely filing 
cavity

19x64mm strap

No Scale

VERTICAL SECTION: aOOR AND PARTY WALL
Case: It Base Case ♦ Addllonsl Absorption Completely Filing Wall Cavity

Figure A4: Section through the floor and party wail o f the Case II assembly showing the 
completely filled wall cavities.

Preliminary Data - Not for Publication Page: A 7
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops____________________ 11/17/95

Case EH: 25 mm thick gypsum board at joint 
(row construction)

A

C

A irborne Sound 
Isolation Room Pairs

Case: HI 
(FSTC)

Change re 
Base Case

Horizontal A-B 50 -2
C-D 52 -1

Vertical B-D 57 +1
Diagonal A-D 65 -6

B-C 61 -3

Im pact Sound 
Isolation Room Pairs

Case: DI 
(FEC)

Change re 
Base Case

Horizontal A-B 52 -9
Vertical A-C — —

B-D 51 0
Diagonal A-D 57 - 4

B-C 60 -2

Preliminary Data - Not for Publication Page: A8
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops____________________ 11/17/95

Case HI: Base Case + 25 mm Coreboard (Gypsum Board)
Row Construction

Fire Stop Detail Application:
Apartment and row housing.

Purpose:
To establish the effect of introducing a 25 mm coreboard fire stop in row type 
constructions.

Party Wall:
Same as Base Case.

Floor
15.9 mm OSB floor decking, 38x235 mm wood studs 400 mm o.c., bridging and 
strapping: 19x64 mm strapping 600 mm o.c. used as furring strips, 19x64 mm bracing no 
more than 2100 mm o.c. located at strapping points;
Room C: single layer of 12.7 mm regular gypsum board placed directly on the wood 
furring, (no cavity absorption);
Room D: Same as Base Case, (180 mm of insulation material, generic resilient channels 
600 mm o.c., placed perpendicular to the strapping, two layers of 12.7 mm type X gypsum 
board.)

Floor/Wall Intersection:
Load bearing party wall with the joists perpendicular to the party wall, single joist header, 
two layers of 12.7 mm type X gypsum board (nominal width 600 mm) placed in 
compression between the joist headers. A single drywall screw in the top comers of each 
sheet held the material in place.

Facade Wall:
Same as Base Case.

load bearing

V E R T IC A L  SEC T IO N : FLO O R  AND PARTY W ALL
Case ill: Base Case ♦ 25mm Coreboan) (Row type construction)

Figure A5: Section through the floor and party wall o f the Case 111 assembly showing 
the vertically installed gypsum board fire stop.

Preliminary Data - Not for Publication P a g e :  A 9
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops____________________ 11/17/95

Case IV: 25 mm thick gypsum board at joint 
(apartment construction)

A irborne Sound 
Isolation Room Pairs

Case: IV 
(FSTC)

Change re 
Base Case

Horizontal A-B 51 -1
C-D 53 0

Vertical A-C 45 0
B-D 57 +1

Diagonal A-D 66
B-C 64 -5

Im pact Sound 
Isolation Room Pairs

Case: IV 
(FLIC)

Change re 
Base Case

Horizontal A-B 55 - 6
Vertical A-C 38 - 1

B-D 52 + 1
Diagonal A-D — —

B-C 59 -3

Preliminary Data - Not for Publication Page: A10
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops____________________ 1 1 /1 7 /9 5

Case IV: Base Case + 25 mm Coreboard (Gypsum Board)
Apartment/Stacked Construction

Fire Stop Detail Application:
Apartment and row housing.

Purpose:
To establish the effect of introducing a 25 mm coreboard fire stop in apartment or stacked 
dwellings.

Party Wail:
Same as Base Case.

Floor:
Same as Base Case.

Floor/Wall Intersection:
Load bearing party wall with the joists perpendicular to the party wall, single joist header, 
two layers of 12.7 mm type X gypsum board (nominal width 600 mm) placed in 
compression between the joist headers and the wall plates. A single drywall screw in the 
top comers of each sheet held the material in place.

Facade Wall:
Same as Base Case.

single layer 15.9mm 
gypsum board type X

bait absorption 
180mm thick

load bearing 
interior stud wail

resilient channel 
his side only

M A W M
* W* W* Wmw MV * V Ml l  A 1

two layers 15.9mm 
gypsum board type X wo layers 15.9mm 

gypsum board type X
batt absorption 
90mm thick
one side 25mm air gap 

no ties

19x64mm strap

No Scale

VERTICAL SECTION: FLOOR ANO PARTY WALL
Case IV: Base Case ♦ 25mm Csraboard (Apartment or Stacked Unit Construction)

Figure A6: Section at the floorAvall intersection o f the Case IV assembly showing the 
vertically installed gypsum board fire stop.

Preliminary Data - Not for Publication Page: A l l
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops____________________ 11/17/95

CaseV: 0.38 mm sheet steel (30 Ga.) 
(row construction)

Airborne Sound 
Isolation

Room Pairs Case: V 
(FSTC)

Change re 
Base Case

Horizontal A-B 51 -1
C-D 55 +2

Vertical B-D 57 +1
Diagonal A-D 69 -2

B-C 64 -5

Im pact Sound 
Isolation Room Pairs

Case: V 
(FHC)

Change re 
Base Case

Horizontal A-B 54 - 7
Vertical A-C 33 - 6

B-D 51 0
Diagonal A-D — —

B-C — —

Preliminary Data - Not for Publication Page: A12
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops____________________ 11/17/95

Case V: Base Case + 0.38 mm sheet steel (30 Ga.)

Fire Stop Detail Application:
Row housing.

Construction Type:
Apartment or Stacked dwellings 

Purpose:
To establish the effect of introducing a 0.38 mm sheet steel fire stop in row type 
constructions.

Party Wall:
Same as Base Case.

Floor
15.9 mm OSB floor decking, 38x235 mm wood studs 400 mm o.c., bridging and 
strapping; 19x64 mm strapping 600 mm o.c. used as furring strips, 19x64 mm bracing no 
more than 2100 mm o.c. located at strapping points;
Room C: Same as Case m , (single layer of 12.7 mm regular gypsum board placed 
directly on the wood furring);
Room D: Same as Base Case, (180 mm of insulation material, generic resilient channels 
600 mm o.c., placed perpendicular to the strapping, two layers of 12.7 mm type X gypsum 
board.)

Floor/Wall Intersection:
Load bearing party wall with the joists perpendicular to the party wall, single joist header, 
single layer of 30 Gauge (0.38 m thick) sheet steel (nominal width 200 mm) was placed 
under the sole plates of the upper party wall. The sheet steel was installed flat without a 
crease or crimp.

Facade Wail:
Same as Base Case.

load bearing
interior stud wall

single layer 15.9mm 
gypsum ooard lype X

single layer 
12.7 mm regular 
gypsum Board baft absorption 

90mm thick 
one side

resilient channel 
this side only

wo layers 12.7mm 
gypsum board type X

m strap

25mm air gap 
no ties

VERTICAL SECTION: FLOOR AND PARTY WALL 
CsteV: Base Cate + 0.3Bmm Sheet Steel

Figure A7: Section at the floorAvall intersection o f the Case V assembly showing the flat 
0.38 mm sheet steel fire stop at the floor level.

Prelim inary Data - Not for Publication Page: A13
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops_________________ __ 11/17/95

Case VI: 25 mm semi-rigid batt

A irborne Sound 
Isolation

Room Pairs
Case: VI 
(FSTC)

Change re 
Base Case

Horizontal A-B 52 0
C-D 54 +1

Vertical 3-D 57 + 1
Diagonal A-D 70 -1

Im pact Sound 
Isolation

Room Pairs
Case: VI 

(FHQ
Change re 
Base Case

Horizontal A-B 59 - 2
Vertical A-C 35 - 4

B-D 51 0
Diagonal A-D 59 -2

B-C — —

Preliminary Data - Not for Publication Page: A 14
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops____________________ 11/17/95

Case VI: Base Case + 25 mm semi-rigid batt material

Fire Stop Detail Application:
Apartment and row housing.

Purpose:
To establish the effect of introducing a 25 mm semi-rigid batt fire stop. The semi-rigid 
material had a nominal thickness of 25 mm and a nominal surface density of 5 lbs per 
cubic foot or 80 kg per cubic meter. In the final report the stiffness of the material will be 
characterized.

Party Wall:
Same as Base Case.

Floor
15.9 mm OSB floor decking, 38x235 mm wood studs 400 mm o.c., bridging and 
strapping; 19x64 mm strapping 600 mm o.c. used as furring strips, 19x64 mm bracing no 
more than 2100 mm o.c. located at strapping points;
Room C: Same as Case HI, (single layer of 12.7 mm regular gypsum board placed 
directly on the wood furring);
Room D: Same as Base Case, (180 mm of insulation material, generic resilient channels 
600 mm o.c., placed perpendicular to the strapping, two layers of 12.7 mm type X gypsum 
board.)

Floor/Wall Intersection:
Load bearing party wall with the joists perpendicular to the party wall, single joist header, 
single layer of 25 mm tick semi-rigid batt material (nominal width 600 mm) placed in 
compression between the joist headers and the wall plates. A single drywall screw in the 
top comers of each batt held the material in place.

Facade Wall:
Same as Base Case.

load bearing

VERTICAL SECTION: FLOOR AND PARTY WALL
Casa Vb But Case + 25mm Semi-Rigid Batt No Scale

Figure A8: Section at the floorAvall intersection o f the Case VI assembly showing the 
semi-rigid material installed between the joist headers.

Preliminary Data - Not for Publication Page: A15
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops____________________ 11/17/95

Case Vni: 15.9 mm thick OSB

Airborne Sound 
Isolation

Room Pairs
Case: VIU 

(FSTC)
Change re 
Base Case

Horizontal A-B 50 -2
C-D 55 +2

Vertical B-D 56 0
Diagonal A-D 66 -5

B-C 61 -3

Im pact Sound 
Isolation Room Pairs

Case: VUI 
(FTtC)

Change re 
Base Case

Horizontal A-B 50 - 11
Vertical A-C — —

B-D 51 0
Diagonal A-D 55 - 6

B-C 58 - 4

Preliminary Data - Not for Publication Page: A16
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops____________________ 11/17/95

Case Vni: Base Case + continuous 15.9 nun OSB floor decking

Construction Type:
Row housing 

Purpose:
To establish the effect of introducing a 15.9 OSB fire stop in row constructions by running 
the floor decking under the upper party wall.

Party Wall:
Same as Base Case.

Floor
15.9 mm OSB floor decking, 38x235 mm wood studs 400 mm o.c., bridging and 
strapping; 19x64 mm strapping 600 mm o.c. used as furring strips, 19x64 mm bracing no 
more than 2100 mm o.c. located at strapping points;
Room C: Same as Case m , (single layer of 12.7 mm regular gypsum board placed 
directly on the wood furring);
Room D: Same as Base Case, (180 mm of insulation material, generic resilient channels 
600 mm o.c., placed perpendicular to the strapping, two layers of 12.7 mm type X gypsum 
board.)

Floor/Wall Intersection:
Load bearing party wall with the joists perpendicular to the party wall, single joist header. 
The 15.9 mm thick OSB floor decking was ran under the party wall.

Facade Wall:
Same as Base Case.

load bearing

VERTICAL SECTION: FLOOR AND PARTY WALL 
Case VNI: Base Case ♦ 16 mm OSB

Figure A9: Section at the floor/wall intersection o f the Case VIII assembly showing the fire stop 
formed by the continuous 15.9 mm OSB floor decking.

Preliminary Data - Not for Publication
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Appendix B

Specimens Chosen 

for

Examination 

by the

Consortium Committee 

Cases IX -  XIII

Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops__________________________

Preliminary Data - Not for Publication

11/17/95

Page: B 1
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops___________________ 11/17/95

Case K : Retro-fit: Case VTH + engineered floating floor,
(Le., Base Case + 15.9 mm OSB + engineered floating floor)

Construction Type:
Row and apartment housing 

Purpose:
To establish the effectiveness of an engineered floating floor system as a retro-fit solution 
to cases where there the net sound isolation is controlled by flanking paths involving the 
floor decking (i.e., room pairs AB). Also to investigate effectiveness of a floating floor 
retro-fit to upgrade a previously deficient floor/ceiling assembly (i.e., room pairs AC). 

Party Wall:
Same as Base Case.

Floor
Engineered floating floor placed over 15.9 mm OSB floor decking, 38x235 mm wood 
studs 400 mm o.c., bridging and strapping; 19x64 mm strapping 600 mm o.c. used as 
furring strips, 19x64 mm bracing no more than 2100 mm o.c. located at strapping points; 
Room C: Same as Case HI, (single layer of 12.7 mm regular gypsum board placed 
directly on the wood furring);
Room D: Same as Base Case, (180 mm of insulation material, generic resilient channels 
600 mm o.c., placed perpendicular to the strapping, two layers of 12.7 mm type X gypsum 
board.)

Floor/Wall Intersection:
Load bearing party wall with the joists perpendicular to the party wall, single joist header. 
The 15.9 mm thick OSB floor decking was run under the party wail.

Facade Wall:
Same as Base Case.

sinqle layer 15.9mm 
gypsum Ooard type X

engaieered 
Doming floor

load bearing 
intenor stud wall

single layer 
12.7 mm regular 
gypsum Ooard

15.9mm 0S3 
screwed

resiSent channel 
.this side only

:wo layers 12.7mm 
gypsum board type X

batt absorption 
90mm thick 
one side

19x64mm strap

No Scale

VERTICAL SECTION: FLOOR AND PARTY WALL 
Cate IX: Base Caaa ♦ IS mm OSB * anginaarad floating floor

Figure BI: Section at the floorAvall intersection o f the Case IX assembly showing the 
engineered floating floor to minimize the effect o f the continuous 15.9 mm OSB floor decking

Preliminary Data - Not for Publication Page: B2
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops _________________ 11/17/95

Case X: Retro-fit: Case VIII + 40 mm concrete topping,
(i.e., Base Case + 15.9 mm OSB + concrete topping)

Construction Type:
Row and apartment housing 

Purpose: ■
To establish the effectiveness of a concrete topping as a retro-fit solution to cases where 
there the net sound isolation is controlled by flanking paths involving the floor decking 
(i.e., room pairs AB). Also to investigate effectiveness of a floating floor retro-fit to 
upgrade a previously deficient floor/ceiling assembly (i.e., room pairs AC).

Party Wail:
Same as Base Case.

Floor
40 mm thick concrete topping applied directly to the 15.9 mm OSB floor decking,
38x235 mm wood studs 400 mm o.c., bridging and strapping; 19x64 mm strapping 
600 mm o.c. used as furring strips, 19x64 mm bracing no more than 2100 mm o.c. located 
at strapping points;
Room C: Same as Case m , (single layer of 12.7 mm regular gypsum board placed 
directly on the wood furring);
Room D: Same as Base Case, (180 mm of insulation material, generic resilient channels 
600 mm o.c., placed perpendicular to the strapping, two layers of 12.7 mm type X gypsum 
board.)

Floor/Wall Intersection:
Load bearing party wall with the joists perpendicular to the party wall, single joist header. 
The 15.9 mm thick OSB floor decking was run under the party wall.

Facade Wall:
Same as Base Case.

load bearing

VERTICAL SECTION: FLOOR AN0 PARTY WALL 
Casa X: Saaa Caia + 16 mm OSB + 40 mm concraa topping

Figure B2: Section at the floorAvall intersection o f the Case IX assembly showing the 40 mm 
thick concrete topping to minimize the effect o f the continuous 15.9 mm OSB floor decking.

Preliminary Data - Not for Publication Page: B3
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops____________________ 11/17/95

Case XI: Base Case + continuous 19 mm OSB floor decking

Construction Type:
Row housing 

Purpose:
To establish the effect of introducing a 19 OSB fire stop in row constructions by running 
the floor decking under the upper party wall. This case (Case XI) in conjunction with 
Case Vm will be used to assess the effect of various thickness of floor decking.

Party Wall:
Same as Base Case.

Floor
19 mm OSB floor decking, 38x235 mm wood studs 400 mm o.c., bridging and strapping; 
19x64 mm strapping 600 mm o.c. used as furring strips, 19x64 mm bracing no more than 
2100 mm o.c. located at strapping points;
Room C: Same as Case HI, (single layer of 12.7 mm regular gypsum board placed 
directly on the wood furring);
Room D: Same as Base Case, (180 mm of insulation material, generic resilient channels 
600 mm o.c., placed perpendicular to the strapping, two layers of 12.7 mm type X gypsum 
board.)

Floor/Wall Intersection:
Load bearing party wall with the joists perpendicular to the party wall, single joist header. 
The 19 mm thick OSB floor decking was run under the party wall.

Facade Wall:
Same as Base Case.

single layer 15.3mm 
gypsum board type X

load bearing 
interior stud wall

single layer 
12.7 mm regular 
gypsum board

resilient channel 
this side only

wo layers 12.7mm 
gypsum board type X

batt absorption 
90mm thick 
one side

19x64mm strap

No Soils

VERTICAL SECTION: FLOOR AND PARTY WALL 
Casa XI: Bats Case ♦ 19 mm 0S8

Figure B3: Section at the floorAvall intersection o f the Case XI assembly showing the fire stop 
formed by the continuous 19 mm OSB floor decking.

Preliminary Data - Not for Publication Page: B4
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops____________________ 11/17/95

Case XII: Base Case + continuous 16 mm plywood floor decking

Construction Type:
Row housing 

Purpose:
To establish the effect of introducing a 16 plywood fire stop in row constructions by 
running the floor decking under the upper party wall. This case in conjunction with 
Case V m  will be used to assess the effect of different type of floor decking, (OSB versus 
plywood).

Party Wall:
Same as Base Case.

Floor:
16 mm plywood floor decking, 38x235 mm wood studs 400 mm o.c., bridging and 
strapping; 19x64 mm strapping 600 mm o.c. used as furring strips, 19x64 mm bracing no 
more than 2100 mm o.c. located at strapping points;
Room C: Same as Case Ed, (single layer of 12.7 mm regular gypsum board placed 
directly on the wood furring);
Room D: Same as Base Case, (180 mm of insulation material, generic resilient channels 
600 mm o.c., placed perpendicular to the strapping, two layers of 12.7 mm type X gypsum 
board.)

Floor/Wall Intersection:
Load bearing party wall with the joists perpendicular to the party wall, single joist header. 
The 16 mm thick plywood floor decking was run under the party wall.

Facade Wall:
Same as Base Case.

single layer 15.9mm 
gypsum board type X

load bearing 
Interior stud wal

single layer 
12.7 mm regular 
gypsum board

batt absorption 
90mm thick 
one side

IB mm plywood 
screwed

resiient channel 
,this side only

wo layers 12.7mm 
gypsum board type X

19x64mm strap

25mm air gap 
no ties No Scale

VERTICAL SECTION: FLOOR AND PARTY WALL 
Case XU: Baas Case + 18 mm plywood

Figure B4: Section at the floor/wall intersection o f the Case XI assembly showing the fire stop 
formed by the continuous 16 mm plywood floor decking.

Preliminary Data - Not for Publication Page: B5
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Flanking Transmission at Joints in Multi-Family Dwellings:
Phase I: Transmission via Fire Stops____________________ 11/17/95

Case XIII: Case VLLI with re-oriented joists
(Le., non-load bearing party wail and 15.9 mm OSB floor decking)

Construction Type:
Row housing 

Purpose:
Used in conjunction with Case VIII, this specimen will be used to establish the effect of 
joist orientation on the sound isolation for both flanking via the continuous floor decking 
and flanking in the vertical direction involving the party wall.

Party Wall:
Non-load bearing, construction same as Base Case except now it will have single head 
plates.

Floor
Both floor/ceiling assemblies will be supported by load bearing “corridor or facade’’ wall 
as the party wall is non-load bearing. Construction is 15.9 mm OSB floor decking,
38x235 mm wood studs 400 mm o.c., bridging and strapping; 19x64 mm strapping 
600 mm o.c. used as furring strips, 19x64 mm bracing no more than 2100 mm o.c. located 
at strapping points;
Room C: Same as Case EH, (single layer of 12.7 mm regular gypsum board placed 
directly on the wood furring);
Room D: Same as Base Case, (180 mm of insulation material, generic resilient channels 
600 mm o.c., placed perpendicular to the strapping, two layers of 12.7 mm type X gypsum 
board.)

Floor/Wall Intersection:
Non-load bearing party wall with the joists parallel to the party wall, single trimmer joist. 
The 15.9 mm thick OSB floor decking was run under the party wall.

Facade Wall:
Construction details to be determined.

load bearing

VERTICAL SECTION: FLOOR ANO PARTY WALL 
Case XIII: Non-load boaring party wail + IS moi 0S8

Figure B5: Section at the floorAvall intersection o f the Case XII assembly having a non
load bearing party wall and a fire stop formed by the continuous 15.9 mm OSB floor 
decking.

Preliminary Data - Not for Publication Page: B6
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Third Consortium Meeting

Thursday, September 21, 1995

M-59 Conference Room,
National Fire Laboratory

Flanking Transm ission a t Jo in ts  in M ulti-Family
Dwellings: Transm ission Via Fire Stops

Agenda

and

Meeting Handouts

This material is draft in nature and is only a working document for discussion 
at the third consortium committee meeting
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Third Consortium Meeting

Thursday, September 21, 1995

M-59 Conference Room,
National Fire Laboratory

Flanking T ransm ission a t Jo in ts in  M ulti-Fam ily
Dwellings: Transm ission Via Fire Stops

Agenda

9:50 Coffee

10:00 Welcome

10:10 Review of acoustical results Cases I--VI

11:00 Presentation of fire test data for semi-rigid 
material and selection of further specimens

12:00 Lunch

12:40 Presentation of suggested specimens to
complete the acoustical study of fire stopping 
at the wall/floor joint.

1:40 Adjournment
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Summary of Acoustical Tests

Cases I -- VI and VIII

(involving only the Base Case party wall)
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Room Pairs Case: I 
(FSTC)

Change re 
Base Case

Horizontal A-B 52 —

C-D 53 —

Vertical A-C 45 —

B-D 56 —

Diagonal A-D 71 —

B-C 69 —

Case I: (Base Case) No Fire Stop
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Room Pairs Case: II 
(FSTC)

Change re 
Base Case

Horizontal A-B 56 +4
C-D 55 +2

Vertical A-C 46 +1
B-D 56 0

Diagonal A-D 73 +2
B-C 73 +4

Case II: Cavity completely filled with absorption

]
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Room Pairs Case: III 
(FSTC)

Change re 
Base Case

Horizontal A-B 50 -2
C-D 52 -1

Vertical B-D 57 +1
Diagonal A-D 65 -6

B-C 61 -8

Case III: 25 mm thick gypsum board at joint 
(row construction)
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1 Room Pairs Case: IV 
(FSTC)

—m-----------------------!Chanse re !
Base Case

Horizontal A-B 51 -1
C-D 53 0

Vertical A-C 45 1 0
B-D 57 +1

Diagonal A-D 66 -5
B-C 64 -5

Case IV: 25 mm thick gypsum board at joint
(apartment construction)
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M

0.38 mm g 
sheet steel^  I

i
r

C

1 M
ix

;
h

i
D

Room Pairs Case: V 
(FSTC)

Change re ! 
Base Case

Horizontal A-B 51 -1
C-D 55 +2

Vertical B-D 57 +1
Diagonal A-D 69 -2

B-C 64 -5

CaseV: 0.38 mm sheet steel (30 Ga.) 
(row construction)
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Horizontal

Vertical
Diagonal

Room Pairs Case: VI 
(FSTC)

Change re 
Base Case

A-B 52 0
C-D 54 +1
B-D 57 +1
A-D 70 -1

Case VI: 25 mm semi-rigid batt

v_-'
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OSB Fire Stop

u ti1
Room Pairs Case:

(FSTC)
Change re 
Base Case

Horizontal A-B 50 -2
C-D 55* +2

Vertical B-D 56 0
Diagonal A-D 66 -5

B-C 61 -8
A c v(

Case VIII: 15.9 mm thick OSB
“*”- This data is only for room C to D, D to 

C data was not ready at time of printing 
All other data is a mean of the two 
directions.
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Specimens suggested as a starting point for deciding the final cases



0.38 mm
sheet
steel

A [I
• j —

,
/ /  B

‘W ïM M M M W M k w m zM m im w w m

c |><

> x

?
* i

D

Case VII: S h eet stee l fire stopp ing  (apartm ent con stru ction )



V
I-184

Case VIII: OSB fire stopp ing  (row construction). No change.



V
I-185

OSB Fire Stop
engineered 
floating floor

Case IX: R etrofit 1. E ngin eered  floating  floor.



CaseX : R etrofit 2. S im ple topping.



Plywood 
Fire Stop

Case XI: P lyw ood fire stopping.



two layers 12.7 mm

both sides

Case XII: In vestiga te  jo ist orien tation .
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Canada Canada

Institute for
Research in Construction

Institut de
recherche eh construction

Ottawa, Canada 
K1A0R6 bRCCbRC

A -1042

September 11, 1995

Mr. Leslie R. Richardson
Forintek Canada Corp., Building Systems
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Carleton Technology Training Centre
1125 Colonel By Drive, Suite 4100
Ottawa, ON
K1S 5R1

Dear Mr. Richardson:

Please find attached the third interim report and the agenda for the third 
consortium meeting. The meeting will be held September 21, 1995, at 9:50 a.m. in the 
conference room of the National Fire Laboratory, Building M-59, Montreal Road Ottawa.

Please note that fire test of the semi-rigid materials will be conducted on 
September 18, 1995. Dr. Sultan will fax the results to committee members on 
September 19, 1995.

Should you be unable to attend the meeting please in form us prior to the meeting 
otherwise we look forward to seeing you on the 21st.

Sincerely

Trevor Nightingale 
Acoustics Laboratory

95-A-50

Attach.
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Flanking Transmission at Joints in Multi-Family 
Dwellings: Transmission Via Fire Stops

Third Consortium Meeting

Thursday, September 21, 1995

M-59 Conference Room,
National Fire Laboratory

Agenda

9:50 Coffee

10:00 Welcome

10:10 Review of acoustical results Cases I—VI

11:00 Presentation of fire test data for semi-rigid 
material and selection of further 
specimens

12:00 Lunch

12:40 Presentation of suggested specimens to
complete the acoustical study of fire 
stopping at the wall/floor joint.

1:40 Adj ournment
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EXECUTIVE SUM M ARY

Fires Stops:
•  All the fire stop materials tested can be used in constructions requiring STC 50-55.
• Cases I through VI have been studied and are rank ordered in terms of their acoustical 

preference:
1. Cavity Absorption (Case II);
2. No Treatment (Case I);
3. Semi-Rigid Material (Case VI);
4. Sheet Steel (Case V);
5. Gypsum I»oard (Cases i n  and IV).

• Placing additional absorption in the party wall cavity so that it is completely full should 
be the best method of providing a fire stop.

• Some floor and party wall combinations may cause a 3 to 5 STC point degradation of 
the party wall even in the absence of flanking transmission across the wall.

Flanking Transmission and its Control:
• Connections between the nominally separating wall or floor and other building 

elements will degrade the net sound isolation of the assembly, especially if this creates 
a strong flanking path.

• The strongest flanking paths are formed from continuous surfaces at the joint where 
vibration transmission can occur by both moments and forces.

• Transmission by in-plane forces became the dominant method of vibration transport 
for the flat sheet steel fire stop.
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INTERIM  PROGRESS REPORT
This report focuses on the acoustical component of the project as the first fire test 

data will only be available on September 19, 1995. The report begins with a review of the 
fire stops tested to date. They are rank ordered as to their potential im pact on the sound 
isolation of a party wall system. Some of the factors affecting the measured sound 
isolation- are presented and discussed. Finally, recommendations for refining the final set 
of tests to improve the applicability of the work are given.

This is only an interim report and is not meant to be a thorough analysis but only 
to provide early information.

Since the last meeting, the impacts on the sound isolation of semi-rigid material 
and sheet steel fire stops have been investigated. IRC has also conducted a limited set of 
tests using a “superior” wall construction to establish the sound isolation limits of the 
gypsum board and sheet steel fire stopping.

1. RANK ORDERING OF FIRE STOP MATERIALS
To date, Cases I through VI have been studied. The measured sound transmission 

loss data, from which the single number STC description is obtained, are used to rank 
order the materials. Table 1 shows the ranking based on measured data.

F ire  Stop M aterial Case N um ber Sound Iso lation  R ating 
(relative to the Base Case 

nominallv STC 55)

Cavity absorption II: Base Case+absorption Better or Best

None* I: Base case Same

Semi-rigid batt 
material 

(5 lb/ft3)*

VI: Base Case+semi-rigid 
batt material

Same

Sheet steel 
(0.38 mm, no crease)

V: Base Case+sheet steel Slightly Worse

Gypsum board in  and IV: Base 
Case+Coreboard 

(gypsum)

Slightly Worse

Table 1: Rank ordering o f the fire stop materials considered in this phase. The 
* * ’  denotes a material or technique that is not listed in the 1990 NBC.
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Discussion: Sheet Steel
30 Gauge galvanized sheet steel 8 inches wide was ordered from a roofing supply 

company. This material is readily available as it is used for flashing. The thickness of the 
delivered material measured 0.015 inches or 0.38 mm which is in compliance with the 
Code minimum requirement. The material was installed at the floor level under the sole 
plates o f the party wall as shown in Figure 1.

load bearing

Note: sneet steel will be fiat 
No Scale

VERTICAL SECTION: FLOOR AND PARTY WALL 
Case V: Base Case + 0.38mm Sheet Steel at door level

Figure 1: Case V: 0.38 mm sheet steel fire stop at the floor level.

In previous reports, we had projected that the sheet steel would have less impact 
on the sound isolation than the gypsum board at the jo in t The measured data suggest that 
the impact is similar. This is thought to be due to the fact that while the flat sheet steel 
will not support the transmission of vibrations by bending moments (because it can easily 
bend along the axis parallel to the joint), the sheet steel will support the transmission by in
plane forcesL_This isjh e  same method of transmission for the gypsum board at the joint.

In-plane motion can normally be ignored because the transmission is usually 
dominated by moment transmission which lends itself to more effective radiation of sound 
energy. However, whgrTtHefe is only weak transmission via pending moments, the bi
plane cuiiuiüutibn no longer becomes negligible.

The im pact on the sound isolation caused by the sheet steel fire stop could be 
minimized by placing a crease in the material that runs parallel to the joint as shown in 
Figure 2. M ost roofing material suppliers contacted were able to provide 30 Gauge 
material with a crease 19 mm (3/4 inch) wide and 19 mm (3/4 inch) deep. The cost of the
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material with the crease 
200 mm (8 inch) width.
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was slightly more than one dollar per linear foot assuming a / O

Figure 2: Sketch of the creased and flat sheet steel fire stops.

Discussion: Semi-rigid material
The semi-rigid material was installed in a vertical orientation at the joint (see 

Figure 3). The semi-rigid batt had a density of 5.0 lb/ft3 (with a 95% confidence limit of
0.1 lb/ft3) or 80 kg/m3 (with a 95% confidence limit of 2 kg/m3). The compressive 
properties have not yet been classified. It is likely that a material of lesser density will 
achieve similar or better performance as the less dense material win nave a la rier 
deflection tor the same appGedforce.

load bearing
single layer 15.9mm interior stud wall

VERTICAL SECTION: FLOOR AND PARTY WALL
Case VI: Base Case + 25mm Semi-Rigid Batt No Scaie

F igu re 3 : C a se  VI: S em i-r ig id  m a ter ia l in s ta lle d  v e r tic a lly  a t  the jo in t.
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The presence of the 5 lb/ft3 semi-rigid material installed vertically at the joint had 
no appreciable impact on the sound isolation of the assembly. This type of fire stop is 
suitable for applications were the waMIoor systems have been designed for a high degree __ 
of sound isolation.

2. ASSIGNING STC LIMITS TO THE FIRE STOP MATERIALS
Ideally, practitioners would have access to a table or listing showing the 

recommended fire stop technique as a function of the wall and floor construction type. To 
accomplish this, it was felt that additional tests involving a clearly “superior” wall were 
needed to establish the limiting performance of some of the fire stop materials.

The Base Case party wall offers sufficient sound isolation to rank order the fire 
stop materials and to assess whether the fire stop materials are suitable for constructions in 
the STC 50-55 range. The reason is discussed by comparing Base Case (15.9 mm type X 
gypsum ÏÏoardTv^ocTstuds, 90 mm mineral fibre batt, 25 mm air space, wood studs,
15.9 mm type X gypsum board) as measured in the flanking facility with the nominally 
identical wall measured in the M-27 Laboratory.

It is clear from the measured transmission loss data of Figure 4 that in the very low 
frequencies, 63-125 Hz, the measured sound isolation of the assembly is greater in the 
flanking facility than in the M-27 Laboratory. This is a direct result of applying the ASTM 
measurement technique to a specimen separating small rooms (Le., those of the flanking
facility). In most laboratories performing ASTM E90 tests, the rooms are much larger, 
which will create a difference in the measured low frequency transmission loss data.

In the very high frequencies, 1250-5000 Hz. the measured transmission loss is also 
higher in the flanking facility than in the VL27 'Laboratory. This is typical of laboratories 

'That were designed to condûct ASTM E90 transmission loss tests on a wide range of wall 
or floor specimens. The difference in measured transmission loss is due to different 
mountings of the specimens. In the flanking facility, the specimens are mounted to walls 
or floors of similar mass which enables the specimen to easily transrBit-eflergy~tcrotEeF~ 

~~parts of the structure which reduces the amount of energy radiated into the receive room. 
In E90 facilities the mountingTsTisually very heavy relative to the measured specimen. 
Transmission to the mount is not very efficient so more energy is radiated into the receive 
room.

In the range 200-1000 Hz there is good agreement between the measured data.

In the 160 Hz frequency band, the measured data obtained in the flanking facility 
shows a significant drop in transmission loss relative to the M-27 Lab. It is thought that 
this is due to the interaction of the walL/floor system. Tests are being conducted to verify 
this. This dip at 160 Hz is unfortunate because transmission loss in this band determines 
the single number STC rating.
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Frequency (Hz)

Figure 4: Measured transmission loss data for the Base Case party wall in the 
Flanking Facility and the nominally identical wall in the M-27 Laboratory.

The Base Case party wall offers sufficient sound isolation to rani: order the fire 
stop materials and to assess whether the fire stop materials are suitable for constructions in 
the STC 50-55 range. The results with the Base Case wall indicate that achieving STC 50 
can be accomplished by using:
a. ) Completely filled cavity (Case II);
b. ) Semi-rigid material (Case VI);
c. ) Sheet steel, without a crease (Case V);
d. ) Gypsum board (Cases EU, IV).

The Base Case wall demonstrated that up to a 3 to 4 STC point degradation in the 
wall sound isolation can be experienced relative to laboratory tests even without flanking 
at the wall/floor jo in t This degradation is thought to be due to the interaction of the wall 
and the supporting floor as it is not present for all wall/floor combinations tested in the 
facility. This will be discussed further at the meeting as it has implications as to the cost 
effectiveness of certain wall/floor constructions.

The Base Case party wall was not suitable to establish the limiting sound isolation 
caused by the various fire stop materials tested thus far. It is for this reason that 
IRC/NRC has also included, as a part of its research program, an additional wall assembly 
of “superior” sound isolation to establish the limiting sound isolation of the various fire 
stops. The superior wall achieved STC 69 in the M-27 Laboratory and its construction is 
shown in Figure 5.
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Figure 5: Sketch o f the "superior” wall used to determine the flanking limits o f 
the fire stop techniques.

Table 2 shows the measured limiting sound isolation expressed as a single number 
rating for the various fire stop materials. From the table it is clear that all the fire stop 
materials investigated should be suitable for use in wall systems that have a rating of up to 
STC 55. Increasing the sound isolation above STC 55 will most likely require special 
consideration of the type of fire stop material.

Fire Stop Material Case Number Limiting Airborne Sound 
Isolation FSTC

Cavity absorption n limited only by wall

Semi-rigid material 
(5 lbs/ft3)

VI limited only by wall

Sheet steel 
(30 Ga. no crease)

V 57

Gypsum board IH and IV 57

Table 2: Measured and projected airborne sound isolations for the party wall 
assembly subject to the various types o f fire stops investigated to date.

3. NEXT SPECIM ENS AND SERIES COMPLETION
In the last correspondence dated May 16, 1995, it was decided that the remaining 

cases would be:

Case VII: Wall/wall intersection detail;
Case VUI: OSB continued under the sole plates of the party wall;
Case IX: Retrofit 1: Case VUI + Engineered floating floor;
Case X: Retrofit 2: Case VUI + Concrete topping.

Since May when this was initially proposed, several additional factors other than 
the fire stop itself have been identified in determining the sound isolation. It is suggested
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that the remaining tests of the project be designed to quantify the effect of the following 
factors:

1. Dwelling tvpe (row construction versus apartment). Apartment 
constructions require fire stops to be located both at the floor level and ceiling level. This 
means that for horizontally oriented fire stopping techniques, such as sheet steel, the joint 
will have two fire stops;

2. Floor decking type (OSB versus plywood) and its thickness. Assemblies
involving OSB are likely to achieve better sound isolation than those having plywood of 
the same thickness; _̂

3. Joist orientation fi.e.. load bearing or non-load bearing party wall). 
Assemblies having a non-load bearing party wall (i.e., so the joists are parallel to the party 
wall) are likely to have better sound isolation than ones of similar construction having a 
load bearing party wall.

It is proposed that this phase of the project focus only on the fire stopping at the 
wall/floor joint Specimens relating to general flanking transmission and sound isolation 
are suggested for inclusion in a separate third phase of the flanking project Thus, it is 
suggested that the wall/wall junction of Case VII and the concrete topping of Case X be 
replaced with specimens that provide information necessary to complete the study of fire 
stopping at this joint and provide a simpler retrofit technique. Two additional specimens 
will explore the effects of joist orientation and floor decking type. The proposed changes 
are listed with the unchanged specimens as follows;

Case VII: Sheet steel applied both at the floor level and the ceiling level. (See 
Figure 6 —  drop wall/wall intersection detail.) This will enable us to assess the impact of 
two horizontally applied fire stops that may occur in apartment constructions. The sheet 
steel would be flat without a crease. The presence of the second piece of sheet steel at the 
bottom of the joint will most likely cause the apparent bending stiffness of the fire stop to 
increase significantly. Now with the second sheet, the joint is no longer free to simply 
rotate about a point in the plane of the fire stop at the floor level. In the event of a 
dramatic degradation, the flat sheet steel could be replaced by creased sheet steel. This 
would allow either side of the joint to move independently, increasing the sound isolation.

Case VUI: OSB under the party wall, no change. See Figure 7.

Case IX: Retrofit 1, engineered floating floor, no,change. See Figure 8.

Case X: Retrofit 2 Floor Topping. See Figure 9. For the case with OSB run 
under the party wall, the effectiveness of adding a simple topping will be investigated. It 
may be an additional layer of OSB or plywood or it may be poured in place concrete. The 
actual topping will depend on the time and financial resources available. The order in the 
series may have to be altered to accommodate the requirements of certain toppings.
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no ties Note: sheet steel will be flat
No Scale

VERTICAL SECTION: FLOOR AND PARTY WALL
Case VII: Base Case + 0.38 mm sheet steel at floor and ceiling levels

F igure 6: S h ee t s te e l f ir e  s to p p in g  a p p lie d  to a p a r tm e n t co n stru c tio n . T w o f ir e  
s to p s  a re  req u ired ; one a t  th e f lo o r  le ve l a n d  one a t  the ce ilin g  level.

batt absorption 
180mm thick

single layer 15.9mm 
gypsum board type X

OSB 
fire stop resilient channel 

both sides

two layers 12.7 mm 
gypsum board type X

90mm batt 
absorption 
one side

D\
D two layers 12.7mm 

gypsum board type X
19x64rhm strap

25mm air gap 
no ties

No Scale
VERTICAL SECTION: FLOOR AND PARTY WALL 
Case VIII: Base Case + 15.9 mm OSB under party wall

F igure 7: C a se  VIII: OSB f ir e  s to p p in g .
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single layer 15.9mm 
gypsum board type X

engineered 
floating, floor

batt absorption 
180mm thick

two layers 12.7 mm 
gypsum board type X

15.9mm OSB 
screwed

resilient channel 
both sides

90mm batt 
absorption 
one side

n\
D two layers 12.7mm 

gypsum Doard type X 
19x64mm strap

25mm air gap 
no ties

No Scaie
VERTICAL SECTION: FLOOR AND PARTY WALL 
Case IX: Case VIII + Engineered Floating Floor 
(i.e., Base Case + OSB under pany wall + Floating Floor)

F igu re 8: R e tro fit 1, en g in ee red  f lo a tin g  f lo o r .

single layer 15.9mm 
gypsum board type X

simple topping

15.9mm OSB 
screwed

resilient channel 
both sides

batt absorption 
180mm thick

two layers 12.7 mm 
gypsum board type X

90 mm batt 
absorption 
one side

n\
D two layers 12.7mm 

gypsum board type X
19x64mm strap

25mm air gap 
no ties

No Scale
VERTICAL SECTION: FLOOR AND PARTY WALL
Case X: Case VIII + Simple Topping
(i.e., Base Case + OSB under party wall + Simple Topping)

F igu re 9 : R e tro f i t  2, s im p le  f lo o r  topp in g . The to p p in g  m a y  be an a d d itio n a l 
la y e r  o f  O SB  o r  a  co n cre te  topping .
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Case XI: Replace the OSB floor decking with plywood. See Figure 10. Having 
the floor decking running under the party wall is the ideal case to investigate the effect of 
the different floor decking materials. Typically plywood has a lower transmission loss, 
caused by a broader coincidence dip, when compared to OSB of the same thickness. This 
should translate into better sound isolation for systems having OSB.

Case XU: Investigate ioist orientation. See Figure 11. This can be accomplished 
by using Case X (plywood floor decking running under the party wall) and changing the 
thickness of the gypsum board of the party wall so that the specimen is identical to the one 
in the previous CMHC study with the exception of the joist orientation.

With such a series it should be possible to Cxeate a table similar to Table 3 for 
deciding on the correct fire stop technique as a function of base wall STC, floor decking 
type, and joist orientation. The effect due to the thickness of the floor decking will have 
to the determined from computer models as a test has not been assigned for this.

Fire Stop 
Material

Sound Isolation of the Wall (STC)

<45 45-49 50-54 55-59 60-64 >65 Comments
Cavity absorption

Semi-rigid material installed vertically 
between joist headers

Sheet steel 
0.38 mm creased

under sole plates of 
party wall, crease 
19 mm x 19 mm

Sheet steel 
0.38 mm no crease

under sole plates of 
party wall

Gypsum board
(25 mm)

installed vertically 
between joist headers

Gypsum board 
(25 mm)

continuous across the 
party wall

OSB
(15.9 mm)

* continuous under sole 
plates of party wall

Plywood
(15.9 mm)

* continuous under sole 
plates of party wall

Table 3: Notional outline o f an "ideal table" to select the appropriate fire stop 
material. Some fire stop materials may be acceptable in constructions
STC 50 or better i f  used in conjunction with mitigative methods.
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An ‘X’ would be placed in the cells of the table to indicate the STC range for 
which the fire stop material or technique is appropriate. Additional comments or table(s) 
maybe required to completely cover all the possible cases. This is especially true for the 
OSB and plywood fire stops where they may be acceptable when used in conjunction with 
mitigative methods such as floating floors or toppings.

single layer 15.9 mm 
gypsum board type X 

batt absorption 
180mm thick v ^

90mm batt 
absorption 
both sides

load bearing 
interior stud wall

two layers 12.7 mm 
gypsum board type X 90mm batt 

absorption 
both sides

15.9 mm plywood 
screwed

resilient channel 
both sides

25mm air gap 
no ties

VERTICAL SECTION: FLOOR AND PARTY WALL 
Case XI: Base Case + 15.9 mm plywood under party wall

\
two layers 12.7mm 
gypsum board type X 

19x64mm strap

No Scale

F igure 10: P ly w o o d  f ir e  s to p p in g . This case  w ill b e  u sed  to  a s se ss  the im p a c t o f  
p ly w o o d  f lo o r  d eck in g  v e rsu s  OSB o f  the sam e th ickness.
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two layers 12.7 mm 
gypsum board type X 

batt absorption 
180mm thick v a

90mm batt 
absorption 
both sidas

load bearing 
interior stud wall

15.9 mm ptywood 
screwed

resilient channel

two layers 12.7 mm 
gypsum board type X 90mm batt 

absorption 
both sides

\
two !,.yers 12.7mm 
gypsum board type X 

19x64mm strap

25mm air gap 
no ties

No Scale
VERTICAL SECTION: FLOOR AND PARTY WALL
Case XII: Special case to investigate joist orientation by linking back to CMHC study

F igu re 12: S p e c ia l ca se  to  in vestig a te  the effect o f  j o i s t  o r ien ta tio n  b y  c rea tin g  a  
co n stru c tio n  th a t is  id e n tic a l to  a  con stru ctio n  in th e p r e v io u s  C M H C  s tu d y  
e x ce p t th a t th e jo i s t s  a re  n o w  p e rp en d icu la r  to the p a r ty  w a ll.
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Forintek
Canada
Corp.

Building Systems - Fire
30-10C-045

Meeting Report
PARTNERSHIP COMMITTEE 
JOINT RESEARCH PROJECT

ON SOUND ISOLATION AND FIRE RESISTANCE (FLANKING) 
AT JOINTS IN MULTI-FAMILY DWELLINGS

L.R. Richardson

The Partnership Committee overseeing the joint industry-government research project to develop 
joint details which provide adequate sound isolation and fire protection at the conjunctions where 
two or more building assemblies intersect in multi-family dwellings met at NRC's Building M-59 
(NFL) on September 21, 1995. Forintek was represented by L. Richardson. Don Onysko was 
present to advise Forintek on acoustical matters. Rod McPhee (CWC) was also present.

This project is a little more than 50 percent completed. It is on schedule and within budget.

As this project goes along, it is becoming obvious that there will be some unanswered questions 
remaining after the current research is completed. A number of these questions relate to flanking 
at the intersection of concrete-block fire walls and the connection of floors and walls within units 
to those walls. It is probable that the project may have to be extended to address these other 
design questions.

It is not known how, if at all, the results of this research project can be incorporated into the 
NBCC. However, for a performance-based code to be implemented in 2000, a lot of information 
about systems that are "deemed-to-satisfy" the code's performance expectations will be needed. 
The results from this research will provide some of that information. In addition, a task group 
under the chairmanship of CHBA's Ross Monsour will be created to consider how the research 
results might be included in the building code.

Everyone agreed that the primary way that the results of this research will be used is in the 
publication of design guides and best-practice guides for construction of joints at the conjunctions 
where two or more building assemblies intersect in multi-family dwellings meet. Both CHBA and 
CWC intend to develop and publish such documents.

Partnership Committee September 21, 1995
Jomt Research Project on Flanking NRC-M-59
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NRC has carried out a series of tests to examine sound leakage in their ASTM E 336 flanking-test 
facility. They have found that wall designs having STC ratings of 55, when tested in their ASTM 
E 90 wall-test facility, have STC ratings of 52 when tested in their flanking facility . They believe 
the difference is an artifact of measuring sound transmission in a small room rather than a large 
room. They noted that the difference in measured sound isolation, although significant, is smaller 
than interlaboratory variability of ASTM E 90 tests results. Another reason for the lower level 
of sound isolation in the NRC flanking facility is that flanking transmission occurs through wood- 
joist floors in spite of all efforts to prevent it. This flanking transmission shows up as a dip in the 
frequencv/transmission-loss profile at 160 Hz and STC ratings are significantly affected bv 
acoustical performance at low frequencies ( < 1000 Hz).

NRC has determined that the limiting level of sound isolation in their flanking facility is STC 59.

NOTE: It is generally accepted that the human ear can distinguish a difference of 3 STC
rating points.

The Appendix for Part 9 of the NBCC notes that the sound isolation provided by 
building systems constructed in the field will be less than that described in the Part 
9 tables (~5 STC rating points lower).

For the conjunction of floors on each side of double-stud fire-rated party walls separating two 
adjacent units in row-housing, NRC's sound tests show the following rank ordered acoustical 
preference for fire-stop/joint treatments:

•  Insulation in the cavities between the studs on each wall and in the cavities between the 
joists in each floor, and semi-rigid batt-type glass-fibre or rock-wool insulation in the 25- 
mm wide space between the two floor/wall joints.

•  Insulation in the cavities between the studs on each wall and in the cavities between the 
joists in each floor.

•  Insulation in the cavities between the studs on one side of the wall and in the cavities 
between the joists in each floor, and semi-rigid batt-type glass-fibre or rock-wool 
insulation in the 25-mm wide space between the two floor/wall joints.

•  Insulation in the cavities between the studs on one side of the wall and in the cavities 
between the joists in each floor, and 28 gauge sheet steel under the sole plates and across 
the 25-mm wide space between the two floor/walls.

•  Insulation in the cavities between the studs on one side of the wall and in the cavities 
between the joists in each floor, and gypsum board coreboard in the 25-mm wide space 
between the two floor/wall joints.

•  Insulation in the cavities between the studs on one side of the wall and in the cavities 
between the joists in each floor, and with the OSB subflooring continuing across the 25- 
mm wide space between the two floor/walls.

Partnership Committee September 21, 1995
Joint Research Project on Flanking NRC-M-59
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The next series of sound tests will include systems with:
•  CSP rather than OSB subflooring,
•  %" rather than %" subflooring,
•  40-mm concrete topping over OSB subflooring,
•  an engineered floating floor over OSB subflooring,
•  systems constructed with wood I-joists, and
•  a system with the joists oriented parallel to the party wall.

NRC earned out a full-scale fire test to examine the fire-stopping performance of semi-rigid batt- 
type glass-fibre or rock-wool insulation at the conjunction of floors on each side of double-stud 
tire-rated party walls separating two adjacent units in row-housing. They determined that both 
materials provided greater fire-stopping than the fire endurance of the floors.

They will carry out full-scale tests to determine the fire stopping performance of the following:
•  continuing the OSB subfloonng across the 25-mm wide space between the two floor/walls, 

and
• placing 28 gauge sheet steel under the sole plates and across the 25-mm wide space 

between the two floor/walls.
NRC will also examine fire performance at the conjunction of floors on each side of double-stud 
fire-rated party walls separating two adjacent units in row-housing when there is insulation in the 
cavities between the studs on each wall and in the cavities between the joists in each floor but 
there is no fire stopping in the 25-mm wide space between the two floor/wall joints.

The next meeting of the partnership committee for the flanking project will be held on February 
7, 1995. The next meeting of the partnership committee for the floor project will be held on 
February' 6, 1995.

Partnership Committee

Joint Research Project on Flanking
September 21, 1995 
NRC-M-59
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Acoustics Measurement Update
Case VI ht» been completed and, as predicted, the semi-rigid bait material installed 
vertically at the joint had no impact on the sound isolation. Summer vacations and recent 
resource re-allocations have temporarily slowed progress.

Fire Stop Requirements of Row and Apartment Constructions
In Cases 13, HI, IV and VI, the fire stopping material was installed vertically with the 
material in slight compression between the joist headers. This effectively protected both 
the top and the bottom of the joint from fire. This type of fire stopping could be used in 
both row-housing (where a fire stop need only be located at the floor level, Article 
9.10.15.2. Sentence 1 of NBC) and in apartment constructions (where a fire stop is 
required both at the floor level and at the ceiling level, due to the fire rated floor/cciling 
assembly, Article 9.10.15.2. Sentence l of NBC).
Copies of the pertinent sections of Part 3 and Part 9 of the draft 1995 NBC are attached. 
The committee may wish to consider expanding on Cases V and VII, by adding an 
additional fire stop at the ceiling level to allow application in apartment constructions.

Next Test Specimen
The next specimen to be tested is Case V, 0.38 mm thick sheet steel at the floor level 
applicable to row housing. For this case, it is suggested that the sheet steel be installed 
flat without a crease along the axis of the joint. The flat sheet steel will represent the 
worst case scenario.

Next Committee Meeting
Al the September meeting we will report on Case VI (semi-rigid batt material which 
proved to have no impact on the sound isolation performance relative to the Base Case) 
and Case V. Consortium members may wish to discuss the priority between row and 
apartment constructions.

Action Item
Respond as to whether the sheet steel fire stop of Case V should or should not have a 
crease running parallel to the axis of the joint as shown in Figure 1.

Flanking Transmission at Joints in MulU Family Dwelling»: Transmission Via Fire Stops
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Figure 1: Sketch showing the profile o f  the creased sheet steel fire stop. Typically the 
crease would be about 25 mm wide, with a depth o f about 12 to 25 nun, and would run 
the length o f  the sheet.

Fire

Construction Details for Fire Tests on Wail/Floor System Joints
The proposed construction details included in the Minutes of the Second Consortium 
Meeting were in response to the 15 minute requirement of NBC 3.1.11.7.(i) that was 
discussed in the recent meeting, April 19,1995.

Responses received on the action items of the Minutes of the Second Meeting, indicated 
that Scenario 2 should be considered (i.e., test two complete floor assemblies each having 
two fire stop assemblies. See Figures Fire 6b and Fire 7b attached).

The attached figures are to replace figures of the same number of the Minutes of the 
Second Consortium Meeting dates May 16,1995. The replacement ligures have the letter 
‘b’ after the figure number to indicate that they are not the original figures.

In addition to responding to the action items, CWC raised two questions that have an 
impact on the test method and types of fire stops that can be tested. The questions were:

1. Where should the fire stop material be located in the wall/floor system joint? Is it at 
the floor level or at the ceiling level?

2. When do the 15 minutes start? Does it start when the furnace starts or when flames 
appear at the ceiling level?

To answer these questions, a meeting was arranged between Mohamed Sultan (National 
Fire Lab), John Haysom and Raman Chauhan (Codes Center), and Rod McPhec 
(Canadian Wood Council) to determine whether the NBC provides answers to these 
questions.

Flanking Transmission at Joints in MuMi Family Dwellings: Transmission Via Fire Stop»
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Response to Question 1

Article 3.1.11.2. Sentence (1) NBC, requires fire stops to block off concealed spaces 
within a wall assembly (a) at every floor level and (b) at every ceiling level when the 
ceiling forms part of an assembly required to have a fire-resistance rating. These 
requirements are similar to those in Article 9.10.15.2 Sentence (1) NBC. Subsentence 
(l)(a) is for row houses where the ceiling is not required to have fire resistance rating and 
subscntcnce and (l)(b) is for apartment building where the ceiling is required to have fire 
resistance rating.

Fire stopping material installed vertically (i.e., the semi-rigid material or gypsum board in 
compression at the joint) should satisfy both .subsentence (l)(a) and (l)(b) as both the top 
and bottom of the joint are protected. The Code Committee might wish information for 
both row constructions and apartment constructions. This might be discussed at our next 
meeting on September 21, 1993.

Response to Question 2

Article 3.1.11.2. Sentence (l)o fN B C  makes reference to Article 3.1.11.7 ofNBC.
Article 3.1.11.7. Sentence (1) requires that the fire stop materials used to separate 
concealed spaces into compartments shall remain in place and prevent the passage of 
flames for a period of not less than 15 minutes when subjected to the standard fire 
exposure inCAN/ULC-S101-M.

This article has been interpreted as requiring
1. The time begins as soon as the furnace (following the temp/time curve of CAN/ULC- 

S101-M) is activated and that if flames do not appear at the floor level in the first
15 minutes, the fire stop material is in compliance with Article 3.1.11.7.(1 ) and hence 
9.10.15.3.

2. The fire stop material as tested should be exposed to the heat as soon as the test 
begins.

(For all tests, if no flame appears at the floor level in 15 minutes, the test will be continued 
until flame is observed at the floor level or it is unsafe to continue.)

As a result of the interpretation, the fire test assemblies Figures Fire l  through Fire 4 of 
the Minutes of the Second Consortium Meeting dated May 16, 1995 must be changed. 
The lower part of the specimen party wall must be removed to allow the flames to 
immediately attack the joint and the fire stop when the furnace starts.

Attached are Figures Fire lb  through Fire 4b which are to replace figures Fire 1 through 
Fire 4 of the Minutes of the Second Consortium Meeting dated May 16, 1995.

Flanking Transmission at Joints in Multi Family Dwellings: Transmission Via Fire Stops

VI-209



08/01 ’SB 15:26 ID:AC0UST[CS LAB FAX : 613-95*1-1495 PAGE 6

Update and Request for Response August 1,1995
Page: 4

Discussion
Removing the lower portion of the party wall will have a large impact on our ability to test 
wall assemblies that do not have an explicit flic stop (i.e., assemblies that rely on the 
exclusion clauses of the NBC (3.1.11.2.(2) 1990 NBC and 3.1.11.1(2) 1995 NBC) to 
avoid the use of fire stopping. It is suggested that the work of the first round of fire 
testing focus on determining if vertically oriented semi-rigid material between the headers 
will provide the 15 minutes as required by 3.1.1 and hence 9.10.15.3 of the NBC. 
Acoustically, the semi-rigid material in slight compression between the headers had no 
impact on sound isolation performance of the wall assembly.

Issues regarding the testing of assemblies making use of the exclusions can discussed at 
the next Committee meeting.

Figure Fire 1: Wail assemblies having completely insulated wall cavities do not require 
fire stopping (3.1.11.2.(2).(b), 9.10.15.2(2)). Thus, there is little need to test this unless 
there is reason to believe that the NBCC listed exclusions are unsatisfactory. It is 
suggested to replace the fire stopping with 25 mm thick mineral fibre semi-rigid material in 
slight compression at the joint. Semi-rigid baa material has been found to have excellent 
acoustical properties as a fire stop, but its fire resistance properties as a fire stop material 
are unknown.

Figure Fire 2: No change to fire stop material. 0.38 mm thick sheet steel installed at the 
floor level.

Figure Fire 3: No change to fire stop material, 25 mm thick glass fibre semi-rigid material 
in slight compression at the joint

Figure Fire 4: The assembly of Figure Fire 4  under the proposed testing procedure, 
without the lower portion of the party wall, will most likely fail the test. There is nothing 
to stop the propagation of flame between the joist headers. It should be noted that if the 
wall cavities were completely full (3.1.11.2(2) and 9.10.15.2(2) 1990 NBC and 1995 
NBC) or there is less than a 25 mm space (3.1.11.2(2) and 9.10.15.2(2) 1995 NBC 
only), a fire stop is not required. Thus, there is little need to test this unless there is reason 
to believe that the exclusions listed in the NBCC are unsatisfactory. Such a test assembly 
could be used so investigate the speed of propagation of the flames but cannot be used to 
assess compliance with the 15 minutes of 3.1.11.7. It is suggested that the fire stop 
technique of Figure Fire 4 be replaced by a continuous sheet of OSB shown in 
Figure Fire 4b; this will support materials listed in Article 3.1.11.7. (4) (b).

As a result of the questions above, NRC/IRC will be able to carry out only one test with 
two wall/floor system joints. It is proposed to test the assemblies of Figures Fire lb  and 
Fire 3b before the next meeting. The assemblies of Fire 2b and Fire 4b will be discussed 
and finalized at the next meeting.

Flanking Transmission at Joints in Multi Family Dwellings: Transmission Via Fire Stops
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Action Items
•  NRC/IRC requests the committee to review and approve these construction changes, 

particularly for Figures Fire lb  and Fire 3b.
♦ Select either flat or creased 0.38 mm sheet steel for Acoustical Case V.

If there is no answer by August 11, 1995, NRC/IRC will assume that you are in agreement 
with the proposed changes for attached Figures Fire l b  and Fire 3b and that flat sheet 
steel should be used for Acoustical Case V.

Flanking Transmission at Joints in Mnlti Family Dwellings: Transmission Via Hire Stops
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Top Plates —

15.9 mm 0S8 Screwed

Two Layers 15.9 mm Gypsum Board

FIRE EXPOSED SIDE 

19 mm x  64 mm Strip

—  234.8 mm 
25.0 mm
- i  h -

Single Layer 15.9 mm 
Type X Gypsum Boord

Semi Rigid Batt Insulation 
(Glass Fibre)

Figure Fire lb :  Fire stop assembly “A” (25 mm thick semi-rigid glass fibre 
batt insulation), Floor/Wall Detailing. This replaces figure of the same 
number in the Second Consortium Meeting Minutes and Response dated May 
16, 1995.

Flanking Transmission at Joints in Multi Family Dwellings: Transmission Via Fire Stops
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Top Plates

Sheet Steel Plate 

15.9 mm OSB Screwed

Two Layers 15.9 mm Gypsum Board

FIRE EXPOSED SIDE 

19 mm x 54 mm Strip

-— 254.8 mm
25.0 mm 
-1  h -

Slngle Layer 15.9 mm 
Type X Gypsum Board

Figure Fire 2b: Fire stop assembly “B" (0.38 mm thick sheet steel), 
Floor/Wall Detailing. This replaces figure of the same number in the Second 
Consortium Meeting Minutes and Response dated May 16,1995.

Flanking Transmission ai Joints in Multi Family Dwellings: Transmission Via Fire Stops
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Single Layer 15.9 mm 
Type X Gypsum Board

Top Plates

15.9 mm OSB Screwed 

Two Layers 15.8 mm Gypsum Board

FIRE EXPOSED SIDE

19 mm x 84 mm Strip

Semi Rigid 8ott Insulation 
(Mineral Fibre)

Figure Fire 3b: Fire stop assembly “A” (25 mm thick semi-rigid mineral fibre 
batt insulation), Floor/Wall Detailing. This replaces figure of the same 
number in the Second Consortium Meeting Minutes and Response dated May 
16, 1995.

Flanking Transmission at Joints in Multi Family Dwellings: Transmission Via Fire Slops

VI-214



08.-01 ’95 15:28 ID:ACOUSTICS LAB FAX:613-954-1495 PAGE 1

Update and Request for Response August l, 1995
_____gaasLi

Single Layer 15.9 mm 
Type X Gypsum Board

Top Plates

15.9 mm OSB Screwed

Two Layers 15.9 mm Gypsum Board

FIRE EXPOSED SIOE

19 mm x 64 mm Strip

Figure Fire 4b: Fire stop assembly “D” (15.9 mm thick OSB), Floor/Wall 
Detailing. This replaces figure of the same number in the Second Consortium 
M eeting Minutes and Response dated May 16, 1995.

Flanking Transmission at Joints in Multi Family Dwellings: Transmission Via Fire Stops

VI-215



11
 

Jo
is

ts
 

•
 4

06
.4

 m
m

0 3 /0 1  ’95 15:28 ID:ACOUSTICS LAB FA X:613-954-149S PAGE 12

Update and Request for Response August 1. 1993
Page: 10

2438.4 mnv

Sida A Sida C

8
5

£
E

PÎm

L 3657.6 mm ■

Figure Fire 6b: Locations of Fire Stop Assemblies “A” and “C” of 
Scenario 2. This replaces figure of the same number in the Second 
Consortium  M eeting M inutes and R esponse dated M ay 16, 1995.

Flanking Transmission at Joints in Multi Family Dwellings: Transmission Via Fire Stops
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, — 2438.4 mm

i i
*  o
s  s
T  i f l

3657.6 mm

Side 3 Side D

Figure Fire 7b: Locations of Fire Stop Assemblies **B” and “D” of 
Scenario 2. This replaces figure of the same number in the Second 
Consortium Meeting Minutes and Response dated May 16,1995.
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FORINTEK CANADA CORP.

Eastern Laboratory 
Building Systems Department - Fire

MEETING REPORT 
Partnership Committee 

Flanking Sound Transmission at 
Joints in Multi-Family Dwellings

L.R . Richardson

The second meeting of the Partnership Committee overseeing the collaborative research project 
on Flanking Sound Transmission at Joints in Multi-Family Dwellings was held on April 19, 1995 
at Building M-59 on the NRC Campus. Forintek was represented by Les Richardson. Don 
Onysko of DMO & Associates attended this meeting as an advisor to Forintek.

The morning was spent reviewing results of the sound tests carried out by NRC during the first 
six months of this project. NRC concluded that:

•  placing additional mineral fibre adsorption material in the cavity of party walls so that 
the cavity is completely full is the best method of preventing flanking sound transmission 
and providing a fire stop;

•  to maximize sound isolation of assemblies having fire stops, the fire stop should be as 
"soft" or "flexible" as possible and should be connected to the building elements that 
have the highest degree of sound isolation;

•  gypsum board and plywood fire stops degrade sound isolation of a nominal STC 55 party 
wall so that it only marginally achieves FSTC 50;

•  measured airborne sound isolation of party wall assemblies between room pairs were 
within two STC points of the nominally identical wall tested according to ASTM E 90 
(no flanking). Completely filling the cavity in the party wall with absorption material 
increased sound isolation by 1 or 2 STC points; and,

•  flanking paths downwards through party walls limit airborne sound isolation of 
floor/ceiling assemblies. Attaching the ceiling to the assembly using resilient channels 
improved sound isolation from FSTC 46 to FSTC 56.

Partnership Committee April 19, 1995
Flanking Sound Transmission 1 M-59 NRC-NFL
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In the afternoon, additional joint and party wall designs were selected for testing. They include:

•  intersection of two walls - 2x dimensional lumber fire stop at the joint;

•  intersection of floors and party walls - 2x dimensional lumber fire stop at the wall-floor 
joint;

•  intersection of floors and party walls - OSB floor decking as fire stop;

•  intersection of floors and party walls - concrete topping on OSB or CSP floor (this is a
retro-fit design);

•  intersection of floors and party walls - mount gypsum board on walls and ceiling using 
resilient metal channels; and,

•  intersection of floors and party walls - masonry block party wall with steel plate 
attachment of floor joists.

Designs involving engineered floating floors to increase sound isolation at the intersection of 
floors and party walls will be investigated in a later phase of this project.

NRC will carry out one fire test using their full-size floor furnace to investigate the fire
resistance of four fire-stop systems (four designs will be evaluated in one test) They are:

•  cavities in the party wall completely filled with absorptive material (mineral wool);

•  wall cavities on each side of the party wall above and below the floor filled with 
absorptive material, but with an empty (open) 25 mm wide space between the walls and 
the headers for the floors on either side of the party wall;

•  sheet metal fire stop across the party wall; and,

•  no insulation in the wall cavities below the floor (to increase severity) and a semi-rigid 
insulation (mineral fibre board) between the headers for the floors on either side of the 
party wall.

The next meeting of the partnership committee will probably be held on September 21, 1995.

Partnership Committee
Flanking Sound Transmission 2

April 19, 1995 
M-59 NRC-NFL
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Canada

Institute for
Research in Construction
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Ottawa, Canada 
K1A0R6 bRCCbRC
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17 May 1995

Les Richardson
Building Systems Department
Forintek Canada Corp.
1390 Prince of Wales Drive 
Suite 300 
Ottawa, ON 
Canada K2C 3N6

Dear Mr. Richardson:

Please find attached the minutes of the last “Fire Stops” consortium meeting.

Please note that there are four action items that request specific input from the 
committee. These are summarized on page 3 of the minutes report.

Action item responses and general comments should be faxed
no later than 

Friday May 29,1995
______________________(613) 954-0483.______________________

Thank you for attending the meeting and we look forward to hear your comments 
in the near future.

Attach.

Trevor Nightingale 
Acoustics Laboratory

95-A-31

Canada VI-220
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Minutes of the Second Consortium Meeting 
Date: April 19, 1995 
Location: IRC, M-59, Ottawa

Present:
Acoustics Laboratory, IRC:
Canadian Codes Centre, IRC:
Canadian Wood Council:
CHBA:
Canadian Portland Cement Assoc. 
Forintek Canada:
National Fire Laboratory, IRC:
Ontario Ministry of Housing:
Ontario New Home Warranty Program: 
Owens Coming Fiberglas Canada: 
Roxul Canada:
Structures Laboratory, IRC:

Not Present with regrets:
CMHC:
Gypsum Manufacturers’ Association:

Trevor Nightingale, Alf Warnock, 
John Haysom,
Rod McPhee,
Ross Monsour, Gary Schafer, 
Richard McGrath,
Les Richardson, Don Onysko, 
Mohamed Sultan,
Ali Arlani,
Robert Marshall,
Bob Rymell,
John Evans,
Dave Allen,

Jacques Rousseau, 
Bob Mercer.

Laboratory Tour:
A tour of the flanking facility was given in the morning prior to convening the meeting.
The facility and some advanced measurement techniques reviewed.

Review of Acoustical results and projections:
Methods of sound energy propagation and data from the reports were presented by Trevor 
Nightingale. The data presented supported the following conclusions:
• Listed in order of their acoustical preference are the fire stop materials and techniques 

investigated in this phase:
1. Adding cavity absorption so that is either completely full or so that there is a 

25 mm or less nominal air space in the wall cavity (Case II);
2. No treatment (Case I);
3. Semi-rigid material at the joint (Case VI);
4. Sheet steel 0.38 mm thick or less (Case V);
5. Gypsum board in compression at the joint (Cases HI and IV).

• From an acoustical point of view, fire stops constructed from a material that easily 
deforms when the structure is subjected to small amplitude vibrations is more desirable 
than a fire stop that is very rigid or incompressible.

• Strong structural connections should be avoided if possible.
• The floor ceiling assemblies failed to achieve FIIC 55.

Flanking Transmission at Joints in Multi-Family Dwellings:
Transmission Via Fire Stops A-1042.2
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Discussion of fire resistance issues and selection of specimens:
Four floor/waU systems were selected for fire testing. The systems are as follows:

1. The wall cavity will be fully insulated with glass fibre and the small cavity, 25 mm by 
365 mm, formed by the joist headers and the wall plates will be insulated with glass 
fibre.

2. The wall cavity will be insulated with glass fibre on one side only (unexposed side of 
the wall) and a 0.38 mm thick sheet steel fire stop will be installed between the OSB 
subfloor and sole plates of the wall.

3. The wall cavity will be insulated with glass fibre on one side only (unexposed side of 
the wall) and semi rigid insulation, 25 mm thick by 365 mm long, will be installed in 
the cavity between the joist headers.

4. The wall cavity will be fully insulated with glass fibre and the small cavity formed 
between the joist headers (25 mm x 365 mm) will not contain insulation, (i.e., open 
cavity).

Matrix review and selection of specimens for second acoustical phase:
It was suggested that the consortium select four (4) specimens to be examined in the 
second round of acoustical tests. One to three additional specimens will be chosen at the 
next meeting. The actual number will depend on funds remaining. From the nine sketches 
presented the consortium committee chose the details shown in discussion sketches
• D l, 2x dimensional lumber at the intersection of two walls,
• D3, OSB floor decking continued under the party wall,
• D4, Engineered floating floor placed on floor decking
• D5, Concrete topping placed on floor decking
These are now Cases VII through X, respectively. After consultation with members of the 
consortium committee and others the suggested construction details are shown in the 
attached entitled IRC Response to Second Consortium Meeting and are given for your 
comment

Next committee meeting:
September 12, 1995 was set as the date for the next committee meeting, (occurring the 
day after the floor project meeting).

Adjourn:
Meeting adjourned at 2:00 p.m.

Flanking Transmission at Joints in Multi-Family Dwellings:
Transmission Via Fire Stops A-1042.2
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IRC Response to the Second Consortium Meeting

Summary of Action Items
• The committee should select either fire test scenario 1 or 2.
• The committee should select either glass fibre or mineral fibre semi-rigid batts for the 

fire testing.
• The committee should comment on whether or not, for Case VIII only, the head and 

sole plates of the facade wall should be continuous across the end of the party wall.
• The committee should comment on the suitability of various materials as a moderately 

resilient material on which the concrete topping of Case X could be placed

Fire Component Response
Four floor/wall systems were selected for fire testing. Details on these systems are 
presented in Figures Fire 1 through Fire 4. The systems are as follows:

1. The wall cavity will be fully insulated with glass fibre and the small cavity, 25 mm by 
365 mm, formed by the joist headers and the wall plates will be insulated with glass 
fibre. (See Figure Fire 1)

2. The wall cavity will be insulated with glass fibre on one side only (unexposed side of 
the wall) and a 0.38 mm thick sheet steel fire stop will be installed between the OSB 
subfloor and sole plates of the wall. (See Figure Fire 2).

3. The wall cavity will be insulated with glass fibre on one side only (unexposed side of 
the wall) and semi rigid insulation, 25 mm thick by 365 mm long, will be installed in 
the cavity between the joist headers. (See Figure Fire 3).

4. The wall cavity will be fully insulated with glass fibre and the small cavity formed 
between the joist headers (25 mm x 365 mm) will not contain insulation, (i.e., open 
cavity). (See Figure Fire 4).

The objective of these tests is to determine the time required for a flame to penetrate 
vertically (from bottom to top) through the small cavity formed by the joist headers and 
the wall plates when various types of fire stopping are present.

Interpreting section 3.1.11.7.(1) Fire Stop Materials, we assume that the fire stop of a 
floor/wall assembly will meet the Code requirement if the flame is prevented from 
spreading from the bottom to top of the small cavity at the joist headers for a period of not 
less than 15 minutes when a system is subjected to the standard fire exposure in CAN4- 
S101-M89.

Two thermocouples will be installed in each system: one at the bottom and one at top of 
the small cavity. These thermocouples will determine the arrival time of the flame at the 
bottom and at the top of the small cavity. Compliance with the Code (Section
3.1.11.7.(1)) will be determined by comparing the difference in the flame arrival times 
between the bottom and top of the small cavity and the 15 minute requirement.

Flanking Transmission at Joints in Multi-Family Dwellings:
Transmission Via Fire Stops A-1042.2
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To reduce the cost of fire testing the four systems mentioned-above, two testing scenarios 
are presented.

Scenario 1: One fire test; using ail four assemblies A, B, C and D in one floor specimen. 
See Figure Fire 5.
Scenario 2: Two fire tests; the first test using assemblies A and C, with the second test 
using assemblies B and D. See Figures Fire 6 and Fire 7, respectively.

Discussion

Scenario 1
Advantage: The cost for Scenario 1 is less than that for Scenario 2.
Disadvantage: If during the fire test of the four systems of Scenario 1 (Figure Fire 5) one 
or more of the assemblies fail and the flames become uncontrolled, then at this time the 
test must be terminated. This will result in no data for the assemblies that have not yet had 
flame spread to the top of the small cavity.

Scenario 2
Advantage: Two systems which are thought to be not too far from each other in terms of 
flame penetration through the small cavity can be tested together in a single floor 
assembly. The first test would comprise assemblies A and C as shown in Figure Fire 6, 
and the second test would have assemblies B and D as in Figure Fire 7. The likelihood for 
terminating the test due to unsafe fire conditions is less in Scenario 2 than in Scenario 1. 
Disadvantage: Scenario 2 costs more than Scenario 1.

ACTION ITEM: NRC/IRC requests the committee to select one of the above- 
mentioned scenarios.

Type of Semi-Rigid Batt: Assembly C can be tested using semi-rigid batts of either glass 
or mineral fibre. Mineral fiber will stay in place longer than glass fibre. Thus, if the 
Committee chooses to test with semi-rigid glass fibre and if it provides the 15 minutes, 
then the Committee can assume that a semi-rigid batt of the same nominal dimension and 
density will provide at least 15 minutes of flame prevention. However, if glass fibre batt 
were chosen and it did not provide the 15 minutes then it can not be assumed that the 
mineral fibre batt will achieve the 15 minutes. In this case, a further test using the mineral 
fibre batt would be required.

Conversely, if semi-rigid mineral fibre batt were chosen and it did provide the 15 minutes, 
then it can not be assumed that glass fibre batt will also achieve the 15 minutes. A further 
test using the glass fibre batt would be required.

ACTION ITEM: NRC/IRC requests the committee to select one of the above- 
mentioned semi-rigid insulation batts.

Flanking Transmission at Joints in Multi-Family Dwellings:
Transmission Via Fire Stops A-1042.2
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Top Plates

15.9 mm OSB Screwed

Two Layers 15.9 mm Gypsum Board

19 mm x 6+ mm Strip 

Batt Insulation Completely 

Filling Cavity

Fibrefrax Protection

Single Layer 15.9 mm 
Type X Gypsum Board

Section A — A

Figure Fire 1: Fire Stop Assembly “A” (fully insulated cavities), 
Floor/Wall Detailing

Flanking Transmission at Joints in Multi-Family Dwellings:
T ra n sm is s io n  Via Fire Stops A-1042.2
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Top Plates

Sheet Steel R ate  

15.9 mm OSB Screwed

Two Layers 15.9 mm Gypsum Board

FIRE EXPOSED SIDE 

19 mm x 64 mm Strip

Fibrefrax Protection

Single Layer 15.9 mm 
'y f  Type X Gypsum Board

Section B — B

Figure Fire 2: Fire Stop Assembly “B” (0.38 mm thick sheet 
steel), Floor/Wall Detailing
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Figure Fire 4: Fire Stop Assembly “D” (fully insulated wall 
cavity), Floor/Wall Detailing
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Figure Fire 5: Location of Fire Stop Assemblies of Scenario 1
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2438.4 mm

3657.6 mm

Figure Fire 6: Location of Fire Stop Assemblies “A” and ‘C of 
Scenario 2
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2438 .4  mm

Side B

£
E

£
£

CM

Side D

3657.6 mm

Figure Fire 7: Location of Fire Stop Assemblies “B” and “D” of 
Scenario 2
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Acoustical Com ponent Response

The following four specimens were proposed for the second phase of acoustical 
examinations by the committee. Sketches and a brief discussion are given here for review 
and comment by the committee members.

In the first round of acoustical examinations, systematic changes to the Base Case 
construction enabled the effect of various fire stop details to be characterized. The same 
method is proposed for the second round using the using the same Base Case 
construction. With a consistent Base Case construction results throughout the project can 
be compared.

Provided for your quick reference are the Base Case constructions details of the 
Floor/Ceiling and Party Wall in Figure Acoustics 1, and the details of the Party Wall and 
Facade Wall in Figure Acoustics 2.

Flanking T ransm ission at Joints in Multi-Family Dwellings:
Transmission Via Fire Stops A-1042.2
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specimen)

PLAN SECTION: PARTY AND FACADE WALLS 
Base Case Construction
(typical of both upper and lower rooms) No Scale

Figure Acoustics 1: Base Case, Party and Facade Walls

Flanking Transmission at Joints in Multi-Family Dwellings:
Transmission Via Fire Stops A-1042.2
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no ties

No Scale
VERTICAL SECTION: FLOOR AND PARTY WALL 
Base Case Construction

Figure Acoustics 2: Base Case, Floor and Party Wall

Flanking Transmission at Joints in Multi-Family Dwellings:
Transmission Via Fire Stops A-1042.2
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Case V II: Base Case + 2x dim ensional lum ber at the wall/wall joint.
(This was Discussion Figure D l.)

Purpose: To examine the effect of fire stopping at the intersection of two walls.

Facade W all: It is suggested that this wall be constructed as if it were a “corridor” wall. 
The wall is shown in Figure Acoustics 3 and is constructed as follows: 38x140 mm wood 
studs, 400 mm o.c., single layer of 140 mm thick batt insulation, resilient channels placed 
600 mm o.c. on one side only, single layer of 15.9 mm type X gypsum board on either side 
of the wall. It is necessary to use resilient channels on one side in order to achieve the 
required STC 50. For the purpose of examining the worst case, it is suggested to place 
the resilient channels on the side exterior to the test rooms, (i.e., on the “corridor” side of 
the wall).

Party W all: Same construction as Base Case. See Figure Acoustics 1. (Double wood 
stud load bearing wall having separate head and sole plates, nominal 25 mm separation 
between plates, double head plate, 89 mm thick absorptive material Filling one half of the 
wall cavity, finished with single layer of 15.9 mm type X gypsum board either side).

Wall/Wall Intersection: Figure Acoustics 3 shows that two 140 mm wood studs will be 
scabbed together at the joint and securely fastened to frame work of both the “corridor” 
and party walls. This forms a fire stop at the joint between the party and “corridor” wall 
The gypsum board on the side exterior to the dwellings will be continuous across the end 
of the party wall. The head and sole plates of the facade wall can be made continuous or 
discontinuous across the end of the party wall. Acoustically, continuous head and sole 
plates will cause there to be greater impact, however, this may not be common building 
practice.

A CTIO N  ITEM : NRC/IRC requests the committee to comment on whether or not, for 
this case only, the head and sole plates of the facade wall should be continuous.

Floor/Ceiling: Same construction as Base Case. See Figure Acoustics 1. (The 
floor/ceiling assemblies between rooms A and C as well as between B and D are sound 
and fire rated. They are constructed as follows: 16 mm OSB floor decking, 38x235 mm 
wood joists 400 mm o.c., two layers of 89 mm batt absorption, bracing and strapping, 
Room C: two layers of 15.9 mm type X gypsum board secured directly to the strapping; 
Room D: resilient channels perpendicular to the strapping two layers of 12.7 mm type X 
gypsum board.)

Discussion: This wall/wall joint detail will enable us to quantify the effect that flanking via 
the end walls can have on the net sound isolation. Also, since the gypsum board interior 
to the dwellings is mounted directly on the 2x6 frame-work it will also enable us to 
quantify the effect of vertical flanking paths involving this type of wall assembly.

Flanking Transmission at Joints in Multi-Family Dwellings:
T ransm ission Via Fire Stops A-1042.2
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90mm batt 
insulation

single layer 15.9mm type X 
gypsum board

load bearing 
party wall

38x89mm studs 
400mm o.c.

resilient channel 
600mm o.c.

single layer 15.9mm type X 
gypsum board facade wall 

configured as a 
corridor wall

38x140mm wood studs 
400mm o.c.

2x dimensional lumber 
fire stop

PLAN SECTION: PARTY AND FACADE WALLS
Case VII: Base Case + 2x dimensional lumber at the wall/wall joint
(typical of both upper and lower rooms) No Scale

Figure Acoustics 3: Case VII, Base Case + 2x dimensional lumber at the wall/wall joint

Flanking Transmission at Joints in Multi-Family Dwellings:
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Case VIII: Base Case + 15.9 mm OSB under party wall
(This was Discussion Figure D3).

Purpose: To examine the effect of a fire stop formed from continuous OSB floor decking.

Facade W all: This wall assembly will be same as Base Case. See Figure Acoustics 1. The 
physical connection at the intersection of the party and facade walls investigated in 
Case VII has been removed. (This will allow a fair comparison with fire stop materials 
and techniques investigated in the first round of acoustical testing.)

Party W all: Same construction as Base Case. See Figure Acoustics 2.

Floor: Same construction as Base Case. See Figure Acoustics 2.

Wall/Floor Intersection Detail: Figure Acoustics 4 shows that the 15.9 mm OSB floor 
decking will be made continuous under the party wall. This detail will provide an 
acceptable fire stop at the joint. However, the fire stop as installed will offer strong 
physical coupling between the two horizontally adjacent units.

Comments and Discussion: This case demonstrates, perhaps, the worst fire stopping 
method and as such offers an excellent opportunity to investigate the effectiveness of 
various mitigation techniques. The continuous floor decking becomes a shear diaphragm 
that may improve the buildings resistance to external forces.

Flanking Transmission at Joints in Multi-Family Dwellings:
Transmission Via Fire Stops A-1042.2
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no ties

No Scale
VERTICAL SECTION: FLOOR AND PARTY WALL 
Case VIII: Base Case + 15.9mm OSB under party wall

Figure Acoustics 4: Case VIII, Base Case + 15.9 mm OSB under party wall

Flanking Transmission at Joints in Multi-Family Dwellings:
Transmission Via Fire Stops A-1042.2



Second Consortium M eeting Minutes and Response May 16 1995
19

Case IX: Case VIII + Engineered Floating Floor
(i.e., Base Case + OSB under party wall + Floating Floor 
This was Discussion Figure D4).

Purpose: To examine the effectiveness of an engineered floating floor to reduce the effect 
of the OSB fire stop under the party wall.

Facade Wall: Same construction as Base Case. See Figure Acoustics 1.

Party Wall: Same construction as Base Case. See Figure Acoustics 2.

Note on Walls: The net sound isolation of the floor/ceiling assembly will be established 
with the gypsum board surfaces of the party wall attached directly to the frame-work, (i.e., 
same as Base Case construction). Should the sound isolation of the floor ceiling assembly 
be limited by flanking paths involving the party wall surfaces then, the magnitude of the 
effect of these flanking paths will be determined. This will be done by repeating the sound 
isolation measurements of the floor/ceiling assembly with the flanking paths effectively 
removed, (i.e., with the finish gypsum board surfaces mounted on resilient channels).

Sub-Floor/Ceiling: The sub-floor assembly under the engineered floating floor will be 
nominally identical construction to the Base Case.

Engineered Floating Floor: As shown in Figure Acoustics 5, an engineered floating floor 
will be added to the OSB floor decking. In an effort to extend this technique to more 
generic floating floor constructions, the construction will be described in terms of the 
parameters controlling the acoustical performance of the floating floor, (e.g., surface 
density, damping, fundamental frequency, etc.)

Wall/Floor Intersection Detail: Same as Case VIII. See Figure Acoustics 4. The
15.9 mm OSB floor decking will be made continuous under the party wall.

Comments and Discussion: This should prove to be an effective method to minimize the 
impact of the fire stop at the joint (OSB continuous under the party wall). The floating 
floor should effectively remove all the flanking paths involving the floor decking. The 
dominant flanking paths for both horizontal transmission (rooms A and B) and vertical 
transmission (rooms A and C as well as B and D) involves the floor decking. The 
presence of the floating floor should cause a significant improvement to net sound 
isolation in both the horizontal and vertical directions.

It is not the task o f this project to design a floating floor system, especially since there 
exists another consortium research project to look specifically at floating floor systems. 
Rather, it was hoped that we could use an engineered system produced by one of the 
consortium members. Roxul who, is just beginning to produce its Lamella floating floor 
system in Canada, has been given first refusal to supply a floating floor assembly.

Flanking Transm ission at Joints in Multi-Family Dwellings:
Transmission Via Fire Stops A-1042.2
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single layer 1 5 .9 m m  
gypsum  board type X

en g in eered  
floating floor

batt absorption  
180m m  thick

tw o layers  1 5 .9 m m  
gypsum  board typ e  X

1 5 .9 m m  O S B  
screw ed

resilient channel 
th is side only

D tw o layers  1 2 .7 m m  
gypsum  board typ e  X

90mm batt 
absorption 
one side

19x64m m  strap

2 5 m m  air gap  
no ties

No Scale
VERTICAL SECTION: FLOOR AND PARTY WALL 
Case IX: Case VIII + Engineered Floating Floor 
(i.e., Base Case + OSB under party walll+ Floating Floor)

Figure Acoustics 5: Case IX, Case VIII + Engineered Floating Floor

Flanking Transmission at Joints in Multi-Family Dwellings:
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Case X: Case V in  + Concrete Topping
(i.e., Base Case + 15.9 mm OSB + Concrete Topping 
This was Discussion Figure D5).

Purpose: To examine the effectiveness of a poured-in-place concrete topping applied on 
top of the floor decking to minimize the effect of the OSB fire stop under the party wall.

Facade W all: Same construction as Base Case. See Figure Acoustics 1.

Party Wall: Same construction as Base Case. See Figure Acoustics 2.

Note on W alls: The net sound isolation of the floor/ceiling assembly will be established 
with the gypsum board surfaces of the party wall attached directly to the frame-work, (i.e., 
same as the Base Case construction). Should the sound isolation of the floor ceiling 
assembly be limited by flanking paths involving the party wall surfaces then, the magnitude 
of the effect of these flanking paths will be determined. This will be done by repeating the 
sound isolation measurements of the floor/ceiling assembly with the flanking paths 
effectively removed, (i.e., with the finish gypsum board surfaces mounted on resilient 
channels).

Sub-Floor/Ceiling: The sub-floor assembly under the concrete topping will be nominally 
identical construction to the Base Case.

Floor Topping: As shown in Figure Acoustics 6, a poured-in-place concrete topping will 
be applied to the OSB floor decking. The nominal thickness of the topping will be 38 mm 
using concrete of a 2400 kg/m3 (150 lb./ft3) density. The nominal surface density will 
be 91 kg/m2 (18.8 lb./ft2). The floor assembly under the poured concrete topping will be 
the same as the Base Case. A layer of polyethylene will be used to stop the concrete from 
saturating the gypsum board of the party and flanking walls and to stop the concrete from 
penetrating the sub-floor.

Note on Performance of the Topping: The presence of the concrete topping will improve 
the airborne sound isolation between vertically adjacent rooms (i.e., between A and C as 
well as B and D). However, if the impact sound isolation is to be improved it will be 
necessary to use some form of a resilient material between the OSB subfloor and the 
poured concrete. Previous studies have shown that the material need only be marginally 
resilient. Materials such as 16 mm thick fibre board, 6 mm thick felt, 25 mm thick semi
rigid insulation of modest density or other material offering similar resilience should allow 
for a significant improvement in the impact isolation. Your comments on suitable 
materials are openly welcomed.

A C TIO N  ITEM : NRC/IRC requests the committee to comment on the suitability of 
various materials as a moderately resilient material on which the concrete topping could be 
placed.

Flanking T ransm ission at Joints in Multi-Family Dwellings:
Transmission Via Fire Stops A-1042.2
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Note on ASTM Requirements: The ASTM E 336 standard recommends a minimum aging 
period of 28 days before testing. This may cause a significant delay in the schedule.

Wall/Floor Intersection Detail: Same as Case VIII. See Figure Acoustics 4. The
15.9 mm OSB floor decking will be made continuous under the party wall.

Comments and Discussion: This should prove to be an effective method to minimize the 
impact of the joint detail (OSB continuous under the party wall). The concrete topping 
should greatly reduce the effect of flanking paths between rooms A and B involving the 
floor decking.

Flanking Transmission at Joints in Multi-Family Dwellings:
Transm ission Via Fire Stops A -1042.2
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single layer 1 5 .9m m  
gypsum  board type X

co n cre te  topping  
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screw ed
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this s ide only

batt absorption  
180m m  thick

tw o layers  1 5 .9 m m  
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absorption 
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gypsum  board  type  X

19x64m m  strap
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No Scale
VERTICAL SECTION: FLOOR AND PARTY WALL
Case X: Case VIII + Concrete Topping
(i.e., Base Case + OSB under party walll+ Concrete Topping)

Figure Acoustics 6: Case VIII + Concrete Topping
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Flanking Transmission at Joints in Multi-Family Dwellings: 
Transm ission Via F irs Stops A-1042. IS

EXECUTIVE SUMMARY (revised)
Fire Stops:

• Listed in order of their acoustical preference arc the lire stop materials or techniques 
Investigated in this phase:

1. Cavity Absorption (Case U);
2. No Treatment (Case I);
3. Semi-Rigid Material (Case VI);
4. Sheet Steel (Case V):
5. Gypsum Board (Cases ID and IV).

* Ï T ipÜon ln ̂  ^  W8J1 w> toat » ‘s completely mil should he the
best method of providing a Are stop.

* S°Und isol8tion of assemb!ies having fire stops, the Are stop should be a as son
or flexible as possible and should he connected to building elements thaï have the highest 
degree of sound isolation practical. **

•  A « «  «°P examined in Cases III and IV degraded the sound Isolation of a
nominal STC 55 wall assembly so that it only marginally achieved FSTC 50.

Party Wall Assemblies:

• * S S  l80l“ l0n* “f 1•» wtfl taw ™  p to  AB
and CD were within two STL points of the nominally Identical wall under die laboratory 
conditions of ASTM F.90 (l.e. where no flanking transmission is permitted);

• facing additional ahsaption In the party wan cavity, so that iti* completely mil, increased the
sound R ation of the party wall assemblies by one or two STC points, when compared to the 
cavity being half mil,

Floor/CeUIng Assemblies:

• ?  **“  flt)0f/ccn,n* “«entoly chosen by the committee has been improved 
"rtllcnt channels. The net airborne sound isolation improved from FSTC 46 to

r a le  56|

• f i l t e r  the floor/ceiling assembly between rooms A and C nor the assembly between D and D 
achieved an impact sound isolation class (IIC) of 55;

• Ranking paths down Ute party wall limited the maximum net airborne sound isolation of the 
floor/ceiling assembly between rooms B and D to about FSTC 56;

• If the party wall area were doubled in room# B and D, then a net sound isolation of FSTC 52-

u i ^ ^ s S T 0 IUim8 W0Uld **,lkC,y’ “  flankU’* ***** Ay" n * *  ^  wa,ls « * « *

Flanking Transmlsrioa and its Control;

»cp»atoig wall or flaw and other budding dements will 
degrade the net sound isolation, especially If this creates a strong flanking path;

•  When the sound isolation Is controlled hy flanking transmission, doubling the area of the 
flanking wrfocc will effectively reduce the net isolation by 3 STC points;

• Cltn 8rcaUy toipw've the performance of an assembly with sound isolation 
that is degraded by structure-borne paths,

VI-244
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Fburking Transmission at Joints in Multi-Family Dwellings: 
Transm ission Via Fir* Stops “ A-1042.1S

Supplement to Interim Report A-1042.1
«tfic: Case IV im ilit are nrnifnim before c .m  tu ^  wm> k. . . . .m w  ,i>. chnni:e 
dufc to only a single varishto

° rp8U,n Bo‘,n l Co'nprett,on * ,he Jûlnt

Figure SI shows the specimen conjunction. Thu gjpsum bonrd fire slop at the

"Z*'*'?°l,2 '7 mm Ulitk W * x  * « * “ ” hoard. n o m L ly  600 mm wide, placed in the nominal 25 mm space between the joist headers.

Figure S2 shows tho measured airborne and impact sound isolations. The physical 
coupling caused by the fire stop, has degraded the airborne sound isolation between the 
room pairs A-B and C D. Relative to the Base Case, the airborne sound isolation between 
die upper two rooms (A-B) dropped by 4 STC points to FSTC 51. The sound isolation 
between the lower two rooms (C-D) dropped by 2 FSTC points to FSTC 52.

The vertical sound isolation between room pairs A-C and B-D was virtually 
unaffected by the presence of this type o f fire stop. This is to be expected as the flanking
the|parity^vwH * *  V6rtical ,GOm pai”  structure-bomc in the gypsum board cladding of

The diagonal sound isolation was affected by the increased physical coupling. 
Whereas before the only path was airborne through the wall cavities, there is now a 
structure-borne path via the fuc stop. This path has caused a 5 FSTC reduction in the 
airborne sound isolation for rooms on the is the diagonal. Despite this reduction the 
sound isolation is still well in excess of FSTC 60.

Discussion
... J }*  jypwm board fire stop forms a physical connection between dwellings on

either side of the party wan. Physical connections such as this allow vihratory energy u> 
travel from one dwelling to the other relatively unimpeded. In fact, the presence of the 
fire stop may introduce a flanking path that allow energy to propagate from one dwelling 
to the other without passing through the party wall or any of Its elements. Figure S3
shows the paths that the «rend energy may take when traveling between the rooms A 
and d .

rtnrtlo J}®?0 Î . 8ecn 1110 gypsum board fire stop introduces 4 additional flanking 
poms, ail o f which are structure-borne and do not involve the party wall cavity.

Potentially the most harmful of these paths is the path 1-2-8-6-7 because it docs 
no involve any of the pony wall elements. Consequently, any improvements mode to the 
party wall (J.e., adding additional layers of gypsum board, additional cavity absorption, 
etc.) wi l cause little or no improvement to the sound isolation between the two rooms. It 
Ï  ^  **“ »  « *  rigid nre r n *  bridging U» non, bud 25 mm
dwellings can he so detrimental to the net sound isolation,

Data from this case would suggest thy:
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ta Dwem” ‘ '

• physical connections between dwellings will degrade the sound isolation;
• ideally fire stops should not be formed using a rigid material that bridges the 

nominal 25 mm air gap between dwellings;
• FSTC 50 can be marginally achieved if 25 mm thick gypsum board (600 mm 

nominal width) is placed in compression at the joint.

Case ITI: Base Case + 25 mm Gypsum Board in Compression at the Joint (Row 
Construction)

Figure S4 shows the specimen construction. The fire stop was the same as 
Case IV and was formed from two sheets of 12.7 mm thick type X gypsum hoard, 
nominally 600 mm wide, placed in the nominal 25 mm space between the joist headers.

This construction was intended to illustrate the effect, if any, caused by changing 
the type of floor/ceiling construction. The floor/ceiling assembly separating rooms A 
and C has been changed to one that might be representative of row-type housing. The 
cavity absorption has been removed from floor/ceiling assembly separating rooms A and C 
and tho gypsum board o f the ceiling has also been changed to a single layer of 12,7 mm 
regular. The construction of BD remains that of apartment or stacked construction.

Figure S5 shows the measured airborne and impact sound isolations for a limited 
set o f room pairs.

Comparing the measured sound isolations with those of Case IV, it can he seen 
that changing (degrading) the floor/ceiling assembly between rooms A and B caused, in 
general, a slight degradation of the sound isolation. This is most apparent in the airborne 
sound isolation between rooms A and C.

cc_ _  Thc airborne sound isolation between A and B dropped by one FSTC point to 
FSTC 50, while the sound isolation between C and D remained unchanged at FSTC 52.

The sound isolation between rooms B and D was virtually unaffected by thc 
change to tho floor ceiling assembly between rooms A and C. This is to he expected as
the flanking paths between the vertical rooms pairs is structure-borne in thc gypsum board 
cladding of the party wall.

Discussion

There was a small, but appreciable, drop in the sound isolation between upper 
room pairsA and B as a result of the construction change to the floor/ccillng assembly in 
room A. The airborne sound isolation was degraded by one FSTC point giving a net 
airborne sound isolation of FSTC 50 between rooms A and B. The average airborne 
sound isolation between lower room pairs C and D remained unchanged at FSTC 52.

The change in sound isolation relative to Case IV is due to thc fact that the 
™ r i ng “ T * * *  E v o lv e d  in thc flanking paths between the various room pairs 
of thc different dwellings. Removing the cavity absorption and replacing the two layers of 
gypsum board with a single layer o f a lighter variety has caused previously unimportant 
flanking paths to become im portant
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Flanking Tr*n*miwion at Joint* in Multi-Family D w ellin g  
Transm ission Via Fire stop*

A detailed analysis of this is beyond the scope of this interim report but the 
following simplified discussion is given.

The presence of a strong physical connection between dwellings will allow flanking 
transmission to occur. The magnitude of this flanking transmission is function o f the 
following (listed in order of importance):

1. Ability of the physical coupling to pass structural vibradons;
2. Ability of the flanking surfaces in the source room (e.g., floor decking, wall 

cladding, etc.) to be driven into vibration by airhome energy (in the case of 
airborne sound isolation) or by impact energy (in the case of impact sound 
isolation);

3. Ability of the flanking surfaces in the receive room (o.g., floor decking, wall 
cladding, etc.) to convert vibrations into airborne acoustical energy.

In the context of flanking transmission by fire stops, the first factor is a property of 
the fire stop material and how It is connected to the building elements. Building elements 
connected to the fire stop (i.e., floor decking, gypsum board claddings, etc.) then become 
elements in the flanking path. As stated earlier, a more rigid or stiff fire stop will transmit 
more vibratory energy than one that is compressible or flexible.

The second and third factors are complex and are determined by the material 
properties of the flanking element». Loosely simplified, the ability of a surface to be 
driven into motion or to radiate acoustic energy is inversely proportional to the airborne 
sound isolation of the surface.

Thus, to maximize sound isolation for assemblies having fire stops, it is desirable 
to use a soft flexible fire atop material which is connected to building elements that have 
the highest degree o f sound isolation practical.

This means, that if the floor decking of this case were replaced by a thinner layer 
of OSB or plywood then, there might be a further reduction in the sound isolation 
between the upper room pairs A and B.

. DaIa from Cmcs HI and IV would suggest that a tire stop formed from gypsum 
board in compression at the joint provides too much physical coupling to be used with
ll*hi ^ if ht E ld in g  elements (such as 16 mm OSB, 16 mm and 12.7 mm gypsum board), 
tr FSTC SO is to achieved with some margin of safety.
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Fl>nkln | Transmission at Joint* in Multi-Family Dwelling*: A-1042 18
Transm ission Via Fir* Stop*

single layer 16.9mm 
gypsum board typs X

load b sa ring 
Interior stud wall

batt absorption 
180mm thick

25mm
corsbovd

two layers 16.9mm 
gypsum board type X

15.9mm OSB 
screwed

resilient channel 
his side only

two layers 15.9mm 
gypsum board type X

batt absorption 
90mm thick 
one side

19x64mm strap

25mm air gap 
no ties No Scat*

VERTICAL SECTION: FLOOR AND PARTY WALL
Case IV: Base Case + 25mm Coreboard (Apartment or Stacked Unit Construction!

Figure S i : Vertical section through the Base Case +25 mat Coreboard/Gypsum board 
(apartment construction) specimen floor and party walls. Gypsum board fire stop had a 
nominal width o f600 mm.
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Flanking Tramrmiuion at Joint* in Multi-Family Dwelling*: A-1042 is
Tranamiasion Via Fire Stop*

Net Airborne and Impact Sound Isolation

Base Case + Gypsum Board
(apartment construction)

11 Ave. 52

N et Airborne Sound Isolation (FSTC)

Ave. 55

Net Impact Sound Isolation (FJIC)

Figure S2: Measured net airborne and impact sound isolation fo r the case Base Case + Gypsum 
Board (apartment construction) using standard test methods ASTM EJ36 and EI007, 
respectively, All specimen surfaces were not masked.
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Direct Transmission and Flanking Paths 
between rooms A and B when a rigid fire stop is present

Sub-system number*
1. Source Room A
2. Floor decking (15.9 mm OSB)
3. Party wall leaf (15.9 mm Type X gypsum board)
4. Party wall cavity (nominal depth 205 mm, having one layer of ball absorption)
5. Party wall leaf (15.9 mm Type X gypsum board)
6. Floor decking (15.9 mm OSB)
7. Receive Room B
8. Fire stop at the joint (2 layers of 12.7 mm type X gypsum board in compression 

between the joist headers)

Transmission Paths 
Direct

• 1-3-4-5-7 
Flanking

• 1-2-3-4-5-7
• 1-2-3-4-5-6-7
• 1-3-4-5-6-7
• 1-2-8-6-7
• 1-2-8-5-7
• 1-3-8-5-7
• 1-3-8-6-7

Structural via fire slop 
Structural via fins stop 
Structural via flic stop 
Structural via Are stop

P igu n  S3: D irect transmission and flanking paths between rooms A and B when a  fire  stop is 
present a t the join t. The direct path is shown by the solid line while some o f the flanking paths 
are shown by the dashed lines.
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•Ingte layer 15.9mm 
gypsum board typ« X

load baarlng 
Intarlor Hud wall

25mm 
ooretoostd 
(gypsum board)

single layar 12.7mm 
regular gypsum board

15.9mm OSB 
screwed

résiliant channel 
!Ws side only

two layers 15.9mm 
gypsum board typa X

batt absorption 
90mm thick 
one aide

19x64mm strap

25mm air gap 
no ties No Scale

VERTICAL SECTION: FLOOR AND PARTY WALL 
Casa IV: Base Case ♦ 28mm Coraboard (Row Conduction)

Figure S4: Vertical section through the Base Case +25 mm Coreboard/Gypsum  board (row  
eon stn u tion ) specim en floor and party walls. Gypsum board fire  stop had a nominal width o f
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Flanking Transm ission at Jointe in Multi-Family Dwelling* 
Transm ission Via Fire Stops

Net Airborne and Impact Sound Isolation

Base Case + Gypsum Board
(row construction)

Ava. 52

N et A irborne Sound Isolation (F S T C ) N et Im pact Sound Isolation (F IIC )

« j u r e  £5 .- Measured net airborne and impact m u id  Isolation fo r the case K m  C m  *  Gypsum  
a w a  (row construction) using standard test methods A STM E336 and EJ007, respectively, All 
specimen surfaces were not masked.
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. r W  EXECUTIVE SUMMARY

' ^FüœStopsî̂ \\Q'-
o u '- '" ' '

V Base Case and Base Case + Absorption have been studied and work is proceeding as 
^  '  quickly as possible on the remaining cases.

• Listed in order of their acoustical preference are the fire stop materials or techniques 
investigated in this phase:

1. Cavity Absorption (Case II);
2. No Treatment (Case I);
3. Semi-Rigid Material (Case VI);
4. Sheet Steel (Case V);
5. Gypsum Board (Cases HI and IV);

• Placing additional absorption in the part^taBravfty'sQ that it is completely full 
should be the best method of providing a fire stop.

Party Wall Assemblies:
• The measured airborne sound isolations of the party wall assemblies between room 

pairs AB and CD were within two STC points of the nominally identical wall under 
the laboratory conditions of ASTM E90 (i.e. where no flanking transmission is 
permitted);

• Placing additional absorption to the party wall cavity, so that it is completely full, 
increased the sound isolation of the party wall assemblies by one or two STC points, 
when compared to the cavity being half full.

Floor/Ceiling Assemblies:
• The sound isolation of the floor/ceiling assembly chosen by the committee has been 

improved by adding resilient channels. The net airborne sound isolation improved 
from FSTC 46 to FSTC 56;

• Neither the floor/ceiling assembly between rooms A and C nor the assembly between 
B and D achieved an impact sound isolation class (TIC) of 55;

• Flanking paths down the party wall limited the maximum net airborne sound isolation 
of the floor/ceiling assembly between rooms B and D to about FSTC 56;

• If the party wall area were doubled in rooms B and D, then a net sound isolation of 
FSTC 52-53 between these two rooms would be likely.

Flanking Transmission and its Control:
• Connections between the nominally separating wall or floor and other building 

elements will degrade the net sound isolation of the assembly, especially if this creates 
a strong flanking path;

• When the sound isolation is controlled by flanking transmission, doubling the area of 
the flanking surface will effectively reduce the net isolation by 3 STC points;

• Resilient channels can greatly improve the performance of an assembly with sound 
isolation that is degraded by structure-borne paths.
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INTERIM PROGRESS REPORT

This report focuses on the acoustical component o f the project as the 
committee has not requested that specimens be examined for fire resistance. The 
report begins with a review of the sound isolation performance of the floor/ceiling 
assembly that was chosen by the consortium committee. A description of the 
modifications made to the assembly is given. The measured data for the first two 
cases (Base Case and Base Case+Additional Absorption) are presented and the 
significance of the data is briefly discussed. In the discussions, the most important 
flanking paths are presented and related to the measured sound isolations. The 
work that is currently being conducted is listed as well as work on associated 
projects that may have an impact on this study. Finally, a summary is given of the 
findings to date.

This is only an interim report and is not meant to be a thorough analysis but 
only to provide early information so that we can begin thinking about possible 
specimens for the second phase and those that might be candidates for fire 
resistance examination.

1. SUM M ARY OF ACOUSTICAL W ORK TO DATE

Measures of standard airborne and impact sound isolation (to ASTM 
standards) have been made on the specimens in order to assess compliance with 
required or desired levels of sound isolation. In most cases, 12 individual airborne 
sound isolation tests (E336) were conducted to evaluate the airborne sound 
isolation of the various nominal separating walls and floor assemblies. Typically, 
six individual tests o f the impact sound isolation (E l007) were conducted to assess 
the impact isolation performance. In addition to these, measures of surface 
velocity of the various specimen surfaces were made to identify the presence and 
magnitude of flanking paths. Also, structural damping was measured which is 
required for modeling the specimen. Other tests such as acoustic and structural 
intensities are performed when more detailed information is required.

When comparing either impact or airborne sound isolations expressed in 
terms of single number ratings (F3IC or FSTC, respectively), a difference of one or 
two points should not be considered to be significant as this is comparable to the 
measurement uncertainty. However, a difference of three or more points is 
significant and indicates an apparent difference in the performance. The Appendix 
discusses the single number descriptors.
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1.1 O riginal Floor/C eiling Assembly

As some of you may already know, the consortium committee’s first choice 
of a floor/ceiling assembly failed to achieve an airborne sound isolation of FSTC 
50 as installed. The floor/ceiling assembly separating rooms A and C in Figure 1 
only achieved FSTC 46. Furthermore, the impact isolation was only FTIC 39 
(HC 55 or better is recommended in the Commentary on Part 9 of the National 
Building Code of Canada).

1.1.1 D iscussion

Great care was taken to determine the source of the poor sound isolation. 
This was performed by eliminating various specimen flanking pa±s and repeating 
the test. The specimen flanking paths were removed by masking-off the party wail 
with a free-standing wall that did not touch either the party wall or the ceiling.
The measured sound isolations with and without the masking were then compared. 
If there was no change in the sound isolation, then flanking paths involving the 
surface that was masked did not contribute appreciably to reducing the net sound 
isolation of the specimen.

Table 1 shows the measured airborne sound isolation (expressed using the 
single number rating FSTC) for the A-C floor/ceiling assembly with and without 
the possible flanking paths present From Table 1 it is evident that the party wall 
had little or no effect on the net sound isolation for the A-C construction. Thus, 
these flanking paths are of negligible importance for the floor/ceiling assembly 
between rooms A and C. The measured sound isolation of FSTC 46 is just that of 
the floor/ceiling assembly with wood furring that did not provide sufficient 
structural decoupling from the joists.

The specimen side wall which was designed not to be a significant flanking 
path, by virtue of it having resilient channel and a double layer o f 16 mm gypsum 
board, had no effect on the net sound isolation.

Rooms A-C Rooms B-D
Wood furring

(two layers 15.9 mm type X gypsum 
board)

Wood furring and resilient channels 
(two layers 12.7 mm type X gypsum 

board)
No Masking Masking No Masking Masking

46 46 56 59

Table 1: Measured airborne sound isolation (expressed as FSTC) for 
the two floor/ceiling assemblies. The masking case had the party wall 
shielded by a free standing wall of 15.9 mm type X gypsum board and 
90 mm ofbatt insulation.
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1.1.2 Recom m endation

Use resilient channels to structurally decouple the gypsum board from the 
joists to achieve FSTC 50 or better. Leave the “sub-standard” floor/ceiling 
construction between rooms A and C and introduce a modified floor/ceiling 
assembly between rooms B and D.

1.1.3 M odified Floor/C eiling Assembly

After consultation with several consortium members, it was decided to 
place resilient channels between the strapping and the gypsum board finish ceiling 
of the assembly. The two layers of 16 mm gypsum board of the original 
construction were now replaced by two layers of 13 mm as the additional mass of 
the 16 mm gypsum board would not be required to achieve the FSTC 50. (In 
either case, two layers of gypsum board are required to attain the desired fire 
rating.) The modified assembly was installed as the floor/ceiling assembly between 
rooms B and D. The resulting asymmetrical specimen is shown in Figure 1.

As shown in Table 1, the modified floor/ceiling assembly between rooms B 
and D achieved a net airborne sound isolation of FSTC 56 despite having less mass 
in the gypsum board ceiling. The improvement in the sound isolation is due solely 
to the structural isolation offered by the resilient channels. The impact isolation 
class was also greatly improved. An FTIC 51 was achieved; however, this is still 
below the recommended value of IIC 55.

It was decided to leave the original “sub-standard” floor/ceiling assembly in 
A-C as it will make an ideal candidate for a retro-fit in the later stage of our 
project. Furthermore, the asymmetry may help us learn more from the same 
number of tests. This construction became the Base Case.

1.2 Case I: Base Case

The airborne and impact sound isolations of the Base Case have been 
characterized. The construction is shown in Figure 1 and the measured data are 
summarized in Figure 2.

There is a clear difference in both the airborne and impact sound isolations 
between the room pairs A-C and B-D. This is due to the improved structural 
isolation offered by the resilient channels in the B-D floor/ceiling assembly.

The measured airborne sound isolation of the assembly separating 
horizontal room pairs A and B as well as C and D approaches the STC 55 of a 
similar wall construction (differing only in the type of cavity absorption) under the 
laboratory conditions of ASTM E90. The assembly between rooms A and 3  
achieved FSTC 55 while the assembly between rooms C and D achieved FSTC 53.
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s in g le  la y e r  1 5 .9 m m  
g y p s u m  b o ard  ty p e  X  

b att a b s o rp tio n  
la O m m  th ick  .

90mm batt 
absorption 
one side

load bearing 
Interior stud wal

1 5 .9 m m  O S B  
screwed

res ilie n t c h a n n e l  

B /th is  side o n ly

,Awmv>wv.tA''AW)mv

tw o  la y e rs  1 5 .9 m m  
g y p s u m  b o a rd  ty p e  X 90mm batt 

absorption 
one side

t e n  la y e rs  1 2 .7 m m  
g y p s u m  b o a rd  ty p e  X  

1 9 x 6 4 m m  strap

2 5 m m  a ir  g a p  
n o  ties

VERTICAL SECTION: FLOOR AND PARTY WALL 
Case: I Base Case

No Scale

Figure 1: Vertical section through the Base Case specimen floors and 
party walls.

Net Airborne and Impact Sound Isolation

Base Case

Ave. 53

Net Airborne Sound Isolation (FSTC) Net Impact Sound Isolation (F1IC)

Figure 2: Measured net airborne and impact sound isolation for the 
Base Case using standard test methods ASTM E336 and El 007 
respectively. All specimen surfaces were not masked.
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1.2.1 Discussion

It is interesting to note that with the improved sound isolation potential of 
the B-D floor/ceiling assembly, flanking transmission down the party wall cannot 
be ignored. Table 1 shows that when the flanking path caused by the party wall 
was removed (by masking), the net sound isolation between rooms B and D 
increased to FSTC 59.

Figure 3 graphically illustrates some of the more important flanking paths 
for transmission in the vertical direction. From the figure it is evident that masking 
the lower party wall effectively removes one-half of the flanking paths (i.e. all 
those involving sub-system (6); the lower party wall). In the case of room pairs B- 
D, the flanking paths involving sub-system (5), the ceiling, are effectively removed 
by the presence of the ceiling’s resilient channels.

With the type of party wall and floor decking used here, it is not realistic to 
the expect the net sound isolation between rooms B-D to be better than FSTC 56 
without due consideration of the flanking paths in the wall(s). It should also be 
realized that since the net sound isolation is being controlled by the flanking 
path(s), the net sound isolation will depend on the surface area of the flanking 
surface(s). The larger the area of flanking surfaces, the worse the net sound 
isolation. It is not unreasonable to expect that if the flanking surface area were 
doubled (by the presence of an additional load bearing party wall), then the net 
airborne sound isolation could be degraded to FSTC 52-53. However, resiliently 
isolating the finish gypsum board wall surfaces by using resilient channels should 
effectively remove the harmful flanking paths.

The party walls between room pairs AB and CD achieved airborne sound 
isolations that were very close to those of the same wall construction (differing 
only in the type of batt absorption) under the laboratory conditions of the ASTM 
E90 test. Under laboratory conditions, the similar wall achieved STC 55. The 
upper party wall assembly achieved an FSTC 55. However, the lower party wall 
assembly fell two points short
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Direct Transmission and Flanking Paths 
in the vertical direction

Sub-system numbers
1. Source Room (A or B)
2. Party wall leaf (15.9 mm Type X gypsum board)
3. Floor decking (15.9 mm OSB)
4. Floor cavity (nominal depth 254 mm having two layers of 89 mm batt insulation)
5. Ceiling (Room A: two layers 15.9 mm Type X gypsum board on wood furring;

Room B: two layers 12.7 mm Type X gypsum on wood furring and resilient channels)
6. Party wall leaf (15.9 mm Type X gypsum board)
7. Receive Room (C or D)

Transmission Paths 
Direct

• 1-3-4-5-7 
Flanking

• 1-2-6-7
• 1-3-6-7
• 1-2-5-7 (path not important for C-D as resilient channels remove this path)
• 1-3-5-7 (path not important for C-D as resilient channels remove this path)
• Others of less importance involving the cavity (e.g., 1-2-3-4-5-7, etc.)

Figure 3: Direct transmission and flanking paths in the vertical 
direction. The direct path is shown by the solid line while flanking paths 
are shown by the dashed lines.
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The difference in sound isolation between the nominally identical party 
walls of the upper and lower room pairs is most likely caused by two factors. The 
wall assemblies are not absolutely identical: they have different heights, lengths, 
one bears a load while the other does not, and their connections are different. In 
addition, the single number FSTC rating of the party wall is very sensitive to 
changes in the sound isolation performance in the 125 and 160 Hz third octave 
bands. This is true of many lightweight gypsum board walls and is due to the way 
the STC contour is fitted to the measured transmission loss data (see 
ASTM E413). In this case, a change in the measured sound transmission loss of 
one decibel in the 160 Hz one third octave band caused a corresponding change in 
the FSTC of one point. Thus, small measurement errors and simple rounding-off 
can cause a difference of two STC points. An eariier IRC-NRC publication 
‘Sound Transmission Through Gypsum Board Walls: Sound Transmission Results’ 
discusses this in greater depth.

Figure 4 shows the flanking paths for the upper room pairs. Perhaps the 
most important path is from the floor into the party wall on the source room side 
and from the party wall into the receive room. This is path 1-2-3-4-5-7. From the 
figure it can be seen that all the flanking sound energy must traverse the wall cavity 
(sub-system 4) to get to get from one leaf to the other as there are no structural 
connections within the wall cavity. Improving the sound attenuation potential of 
the wall cavity (sub-system 4) should improve the net sound isolation as both the 
direct transmission and the flanking transmission will be reduced.

The results of the Base Case have shown that it possible for the airborne 
sound isolation of a separating wall or floor in “real” constructions to approach 
that of the nominally identical wall or floor specimen under the “laboratory” 
conditions of ASTM E90.
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Direct Transmission and Flanking Paths 
between rooms A and B

Sub-system numbers
1. Source Room A
2. Floor decking (15.9 mm OSB)
3. Party wall leaf (15.9 mm Type X gypsum board)
4. Party wall cavity (nominal depth 205 mm, having one or two layers of batt 

insulation)
5. Party wall leaf (15.9 mm Type X gypsum board)
6. Floor decking (15.9 mm OSB)
7. Receive Room B

Transmission Paths 
Direct

• 1-3-4-5-7 
Flanking

• 1-2-3-4-5-7
• 1-2-3-4-5-6-7
• 1-3-4-5-6-7

Figure 4: Direct transmission and flanking paths between rooms A and 
B. The direct path is shown by the solid line while flanking paths are 
shown by the dashed lines.

V I - 2 6 1



À-1042.1 IN TERIM  REPORT F age 10 of 37

1.3 Case H: Base Case + Additional Absorption

Figure 5 shows the specimen construction. As expected, completely filling 
the party wall cavities with additional absorption increased the airborne sound 
isolation between the horizontally adjacent rooms. Between rooms A and B, the 
sound isolation increased 1 FSTC point to give FSTC 56, while between rooms C 
and D the sound isolation increased 2 FSTC points to give FSTC 55. The 
nominally identical party wall under the laboratory conditions of an ASTM E90 
test would give STC 57. The measured impact and airborne sound isolation data 
are shown in Figure 6.

load bearing 
interior stud wall

V E R T IC A L  S E C T IO N :  F L O O R  A N D  P A R T Y  W A L L

C a s e :  II B a s e  C a s e  +  A d d it io n a l A b s o rp tio n  C o m p le te ly  F illin g  W a l l  C a v ity

Figure 5: Vertical section through the Base Case+absorption specimen 
floors and party walls.
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Net Airborne and Impact Sound Isolation

Base Case + Additional Absorption

Ava. 56

Ava. 55

N e t  A ir b o r n e  S o u n d  Is o la t io n  ( F S T C )  N e t  Im p a c t  S o u n d  Is o la t io n  ( R IO )

Figure 6: Measured net airborne and impact sound isolation for the 
case Base Case+absorption using standard test methods ASTM E336 
and E l007, respectively. All specimen surfaces were not masked.

1.3.1 Discussion

The additional absorption in the party wall cavities did not appreciably 
change in the sound isolation performance in the vertical directions. This was 
expected as the flanking paths between B-D are structural ones whose path is 
primarily in the gypsum board cladding of the load bearing party wall (see 
Figure 3). The sound isolation between rooms A and C is determined solely by the 
floor/ceiling assembly and is not affected by the additional wall cavity absorption.

However, the additional cavity absorption in the party wall did improve the 
sound isolation between room pairs A and B as well as C and D. The physical 
methods of energy transport through such a system are complex with several 
methods of energy transport —  resonant, non-resonant and combinations of the 
two. It is sufficient, for this interim report, to state that the improvement was due 
to the increased cavity damping offered by the additional absorption. This 
increased cavity damping has the effect of reducing the amount of energy that can 
be transported across the wall assembly.

The data from the first two cases would suggest that from an acoustical 
point of view, completely filling the cavity should be the preferred method of 
providing a fire stop. The method will, at worst, be neutral to the sound isolation 
(given that the material is not in compression between the gypsum board surfaces)
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and should actually improve the sound isolation (for assemblies that had only one 
layer of cavity absorption before the application of this fire stop method).

2. WORK AT PRESENT

Work to examine the remaining specimens is proceeding as quickly as 
possible and, in conjunction, the flanking facility is continually being improved. 
Since the beginning of the project we have changed the room sizes to 
accommodate the shorter spans of the 2x10 wood joist floors, and eliminated 
several minor flanking paths that would have marginally compromised results. A 
new software and microphone positioning system is being installed to permit faster 
and more precise measurement of future specimens. The specimen of Case IV has 
been installed and its characterization is well under way.

2.1 Closely Related Associated Work

During the delay at the beginning of the project when we were waiting for 
construction materials, significant progress was made in examining various 
prediction models that might be applicable to these kinds of constructions. The 
models, while not very accurate for absolute sound isolation predictions, do 
provide a method of rank ordering the importance of most flanking paths. As 
alluded to in the Discussions, the mechanisms of energy transport are very 
complex and are not well understood for lightweight multi-leaf constructions.
Work in this area is being continued through international collaborations to further 
understand and predict these mechanisms so that we may optimize sound isolations 
in multi-family dwellings. A copy of a recent journal paper is given in Appendix B. 
Copies of other reports involving applicable prediction techniques will be 
distributed to the committee as soon as they are available.

The recently developed prediction models have been used to rank order the 
impact of the various fire stop materials on the sound isolation between horizontal 
room pairs. The rankings are shown in Table 2 relative to the Case Base.

There should be no impact to the sound isolation caused by the semi-rigid 
material of Case VI if the material is reasonably compressible. Most semi-rigid 
materials meet this requirement. The sheet steel of Case V has been examined in a 
previous study in which a comparable assembly having a steel fire stop achieved an 
FSTC 58. The prediction model developed at the NRC also predicted these high 
degrees of sound isolation.

Since we know the measured sound isolation for two of the cases (Base 
Case and Base Case + Absorption) we are able to make a projection as to the 
probable sound isolation for all the cases except for the two involving the 25 mm 
gypsum board at the joint (Cases HI and IV). The prediction models do tell us that 
removing the cavity absorption and using fewer sheets of lighter gypsum board on
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the ceilings will not have a significant impact on the sound isolation between 
horizontally adjacent room pairs. Thus, Cases in  and IV should give the very 
similar results. Table 3 shows the projected sound isolations.

Fire Stop Material Case Number Sound Isolation Rating
(relative to the Base Case)

Cavity absorption H: Base Case+absorption Better or Best
None* I: Base case Same

Semi-rigid batt 
material*

VI: Base Case+semi-rigid 
batt material

Same

Sheet steel V: Base CaseJ-shest steel Worse
Gypsum board HI and IV: Base 

Case+Coreboard 
(gypsum)

Much Worse or Worst

Table 2: Rank ordering o f the fire stop materials considered in this 
phase. The '*’ denotes a material or technique that is not listed in the 
1990 NBC.

Fire Stop Material Case Number Projected Airborne 
Sound Isolation FSTC

Cavity absorption n 56*
None i 55*

Semi-rigid material at 
joint

VI 55

Sheet steel V 55
Gypsum board in and IV ?

Table 3: Measured and projected airborne sound isolations for the 
party wall assembly subject to the various types o f fire stops investigated 
in this phase. The denotes measured results.

We do not have a prediction for the joint involving gypsum board fire stop 
as this represents a type of joint that we have not yet modeled.. It is safe to assume 
that the strong physical connection at the joint will cause a degradation of the 
sound isolation in the horizontal direction.
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2.2 Proposed Course of Action

It is proposed to complete Cases HI and IV as quickly as possible in order 
to fill in the missing information of Table 3.

A number of members had expressed interest in holding a consortium 
meeting of this project at the end of April so that it would be held the day before 
or after the “Floor Project” first consortium meeting. Using this time frame, we 
will not have completed the complete series. However, it is likely that we will 
have completed Cases IH and IV for which we have no data or predictions. 
Having characterized Cases I, n , HT, IV and having data that bound Cases V, VI 
should be enough information to establish which specimens are suitable candidates 
for fire resistance examination. We should also be in a position to discuss and 
decide the cases for the next phase.

Another interim report will be issued to committee containing the results 
for Cases m  and IV when the data are available. This will most likely be prior to 
the end of April. At the same time, several suggested research strategies for the 
second acoustical phase will be given for the committee’s consideration

3. SUM M ARY

This is a preliminary summary of the data collected thus far and may 
change when put into perspective by the remainder of the series:

Fires Stops:

• Base Case and Base Case + Absorption have been studied and work is 
proceeding as quickly as possible on the remaining cases;

• Listed in order of their acoustical preference are the fire stop materials or 
techniques investigated in this phase:

1. Cavity Absorption (Case II);
2. No Treatment (Case I);
3. Semi-Rigid Material (Case VI) ;
4. Sheet Steel (Case V);
5. Gypsum Board (Cases m  and IV); •

• Placing additional absorption in the party wall cavity so that it is completely 
full should be the best method of providing a fire stop. This method will, at 
worst, be neutral to the sound isolation of the party wall assembly and in most 
cases should cause an improvement. An increase of one or two STC points 
was observed for the cases here.
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Party Wall Assembles:

• The measured airborne sound isolations of the party wall assemblies between 
room pairs AB and CD were within two STC points of the nominally identical
wall under the laboratory conditions of ASTM E90 (i.e. where no flanking 
transmission is allowed);

• Placing additional absorption to the party wall cavity, so that it is completely 
full, increased the sound isolation of the party wall assemblies by one or two 
STC points.

Floor/Ceiling Assemblies:

• Wood furring alone did not provide sufficient structural isolation to allow the 
floor/ceiling assembly to achieve FSTC 50;

• Neither, the floor/ceiling assembly between rooms A and C nor the assembly 
between rooms B and D achieved the impact sound isolation class (TIC) of 55 
as recommended by the Commentary to Part 9 of the National Building Code 
of Canada. A retro-fit will be required to improve their performance;

• The sound isolation of the floor/ceiling assembly between rooms B and D was 
limited to FSTC 56 by flanking paths down the load bearing party wall. If the 
party wall area were doubled, then a net sound isolation of FSTC 52-53 would 
be likely.

Flanking Transmission and its Control:

• Connections between the nominally separating wall or floor and other building 
elements will degrade the net sound isolation of the assembly. The magnitude 
of the degradation is a complex function. For the floor/ceiling assembly it is a 
function of the properties of the floor decking, joist spacing, party wall gypsum 
board, and stud spacing;

• Resilient channels can greatly improve the performance of an assembly with 
sound isolation that is degraded by structure-borne paths. Application of 
resilient channels may be key to attaining moderate to high degrees of net 
sound isolation;

• When the sound isolation is controlled by flanking transmission, doubling the 
area of the flanking surface will effectively reduce the net isolation by 3 STC 
points.
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APPENDIX A

The following descriptors will be used to describe the performance of the 
constructions:

Field Sound Transmission Class: In accordance with ASTM E336 and 
E413, the FSTC descriptor has been obtained to rate the airborne sound isolation. 
Since we wish to characterize the performance of the complete system rather than 
that of the individual elements, surfaces involving flanlring paths have not been 
covered or masked-off unless otherwise stated. E336 states that without flanking 
surfaces masked-off, the reported FSTC represents the Minimum Field Sound 
Transmission Class for the nominal separation. The E336 test differs from the 
“laboratory” E90 test in that the E90 test does not allow there to be any significant 
flanking transmission. Thus, in the limit that there is no flanking transmission in a 
field construction, the FSTC obtained using E336 should equal the STC obtained 
using E90 for the nominally identical floor or wall.

Field Impact Isolation Class: In accordance with ASTM E1007 and 
E989, the FIIC descriptor has been obtained to rate the impact isolation of the 
floor and its supporting structure. E l007 recognizes that the supporting structure 
of the floor will constitute a flanking path. In the limit that there is no flanking 
transmission, the FIIC obtained using E l007 should equal the EC obtained under 
the laboratory conditions of E492 for the identical floor.
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APPENDIX 3

Copy of a recent paper examining the application of a 
Draft Prediction Model 

to lightweight double leaf construction.
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Application of the CEN Draft Building Acoustics Prediction Model 
to a Lightweight Double Leaf Construction

T.R.T. Nightingale, Acoustics Laboratory, Institute for Research in Construction, 
National Research Council Canada, Ottawa, Ontario, Canada K1A 0R6

ABSTRACT

The draft CEN Building Acoustics model, Estimation of acoustic 
nerformance o f  buildings from the performance o f  products: Part 
1 : Airborne sound insulation between rooms, is used to evaluate a 
wood fram e double leaf construction having an intentional 
flanking path. It is shown that the CEN m odel applied to a 
lightweight gypsum board construction underestimates the 
transmission loss o f  a flanking path if  the transmission coefficient 
used in the CEN m odel contains both the resonant and non- 
resonant components. A method fo r  determining the resonant 
transmission coefficient from  common acoustic measures is given. 
The CEN model, when used with the calculated resonant 
transmission coefficient fo r  the flanking path is shown to have 
good agreem ent with measured sound isolation fo r  both the 
flanking path  and the measured net sound isolation. Measures o f  
structural intensity in one receiving room wall indicate that there 
is strong and constant attenuation with propagation distance from  
the driving joint, suggesting that a double layer o f  gypsum board  
having staggered jo in ts  on studs behaves like a reasonably 
homogeneous plate fo r  bending waves.

1. INTRODUCTION: CEN THEORY

The CEN1 prediction model is based on classical theories providing a 
simple description in terms of only a few parameters. Despite still being a draft, 
the CEN model has been applied widely to heavy monolithic constructions. A 
brief summary of Gerretsen’s23 work upon which the model is based is given to 
illustrate possible limitations when applied to lightweight double leaf constructions.

The sound reduction index, /?«,, between two rooms is given by,
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R ne, = - lOlogT^, [1]

where is the net transmission coefficient which is the ratio of the sound power 
radiated by all surfaces in the receiving room divided by the sound power incident 
on the separating partition. This obviously includes any flanking paths, if present. 
Rnel is the quantity measured by ISO 140-IV and ASTM E336 since individual 
surfaces cannot be isolated. If no more than two building elements are involved in 
a transmission path, then x«, can be expressed as the sum of all the transmission 
coefficients for all possible paths,

x- = X T* [2]
V

where i is the index for the source room surface and j  is the index for the receiving 
room surface. When i and y refer to different building elements, then x,yis the 
transmission coefficient via a flanking path, otherwise i and j  are the same referring 
to the separating element. In a more complete model (e.g. SEA), paths involving 
more than two elements and one joint would also be considered.

Ultimately, any prediction model should be able to predict Xi} for all 
important propagation paths. This can be obtained by calculating the radiated 
sound power for the individual receiving room surfaces when the source room 
contains a diffuse sound field. The sound power radiated by a surface is given by,

Wr =pc(v2)Sa, [3 ]

where pc is the specific impedance of air, <v> is the space time average surface 
velocity, S is the area of the radiating surface, and a  is the radiation factor of the 
surface for the specific method of excitation.

Equation [3] can be rewritten to describe the surface velocity in terms of 
the radiated intensity, /,

I  = (v2^pca [4]

If the source room’s sound field is diffuse, then equation [4] can be written to 
express the surface velocity on the other side of the source room surface, i, in 
terms of the transmission coefficient, x,-,

(P?) 1 T,
4pc pc ai [5]

where ps is the source room sound pressure. In equation [5], a ( can be thought of 
as a function relating the radiated sound power to the surface velocity.

V I - 2 7 1



A-1042.1 INTERIM  REPORT Page 20 of 37

In predicting or measuring the velocity of elements excited directly by the 
source room it must be realized that there exist both a resonant and a non-resonant 
component.

The surface response associated with the resonant component will be a 
function of the system’s damping. This regime is referred to as ‘resonant’ 
transmission and is typically the dominant form of transmission for frequencies 
above the critical frequency. For surfaces of finite dimension, resonant 
transmission will also occur below the critical frequency. However, for 
frequencies below the critical frequency, the resonant transmission mechanism may 
not be very effective as there is inefficient coupling between the air-volume and 
surface, and vice versa. The efficiency of this coupling is described by the 
radiation factor, cr.

There also exists a further type of surface response; non-resonant motion. 
This response is a complex function, but is usually approximated by a simple 
expression involving only the mass of the element being driven. This regime is 
referred to as ‘non-resonant’ transmission. It will occur both above and below the 
critical frequency, but is usually the dominant transmission mechanism below the 
critical frequency. Consequently, non-resonant transmission is generally ignored 
above the critical frequency.

In standard test procedures such as ISO 140 and ASTM E90, the 
transmission coefficients for the two transmission types are not measured 
independently, but rather the sum of the two or the net coefficient is obtained.

Theoretically, only resonant transmission is present in flanking paths that 
have a completely structure-borne path. Thus in equation [5], care has to be taken 
to use the correct form of t  or one must restrict the use of the equation to 
frequencies above the critical frequency. Otherwise, the use of x obtained from 
standard test procedures will overestimate the surface velocity of the flanking 
elements for frequencies less than the critical frequency, leading to an 
underestimation of the sound reduction for the flanking path.

Also, one must be careful when using equation [5] to estimate the velocity 
of elements directly excited by the source room. Equation [5] provides an estimate 
of the surface velocity based on the wall transmission coefficient, xh which is 
usually defined in terms of the fraction of power radiated after complete 
propagation through the element. In this case, equation [5] is an estimation of the 
surface velocity in the source room surface, /. In the case of double stud walls 
where there is weak coupling between leaves, using x for the complete assembly 
may grossly underestimate the velocity of the surface driving the flanking path. A 
discussion will be given later when the model is applied to an actual construction.

However, for the purposes of continuing the theory development, it will be 
assumed that the velocity level given in equation [5] is valid for the flanking
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element. A discussion will be given later illustrating a method to obtain the 
resonant transmission component as well as a discussion used to determine the 
dominant propagation paths in a simple double leaf wall.

If between the source room element, i, and the receiving room flanking 
element,;, there exists a difference in surface velocity, with dy being the constant 
of proportionality, then the surface velocity of surface,;', in the receiving room can 
be expressed in terms of the source room sound pressure level by,

[6]

Equation [3] can be used to express the radiated sound power, W„, of the receiving 
room flanking surface, ;', in terms of its surface velocity giving,

[7]

Equating [6] and [7] and solving for the radiated sound power in the receiving 
room, Wrj, gives,

{ps^AjSj q,
4 pc a,

[3]

However, this can be related to the resulting sound pressure level in the receiving 
room, pr, by,

W :  {P' )A
n 4 p c ( l —of)

[9]

where cc and A are the mean room absorption coefficient and the total absorption 
of the receiving room, respectively. Equating [8] and [9], and assuming the 
receiving room is quite reverberant (1-ÔT * 1) gives,

[ id

Using the relation for sound reduction,

R - L ^ - L ' s + l O l o  g ^ -  * [11]

and equation [1], the flanking transmission coefficient, %  can be written for the 
path, ij,
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S. a,
[ 12]

where Sa is the surface area of the nominal partition element and, Lpj , L  ̂ are the 
space time average sound pressure levels of the source and receive rooms'" 
respectively. Equauon [12] is quite simple, using easily defined or measured 
quantities except for the radiation factors of the surfaces i andy.

Gerretsen used the reciprocity in the flanking transmission coefficient to 
remove the radiation factors,

where,

S. a .

[13]

[14]

and

_  j  ^ 1  ^ i .r e c e iv e  

o j ,  source
[15]

The subscripts, receive and source, denote whether the radiation factor is for a 

So b t^ L ° l rCCeiVe r° ° m SUrfaC6' USing eqUati0ns [13]’ [14  ̂ Gerretsen

Tv =
S,S, O'- (T 

XX hnctnt -1
1 J V JI c 2  „

*n/2

_________I. receive

S 2 (T0 ®j source i. source .
[16]

nnt . G ertsen  recognized that the reciprocity used to develop equation [16] did 
not hold below the critical frequency but reported that its effect on the predicted 
sound reduction was small for practical situations (implying applications heavy 
monolithic constructions). So, for frequencies above f l i  critic^ frequency ^  
Gerretsen obtamed his fmal expression and the Œ N  equation for the flanking
transmission coefficient,

S,Sj
^  I,resonant ̂  j  .resonant ̂ i j  ̂  ji

1/2

[1 7 ]

or the flanking sound reduction, Rh</»
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n  resonant ^ j , r e s o n a n t  ^ i j  ^ j i  )  S „

------------------- 2------------------- +101° ® 7 P 7  t« ]

where Ay and Dn are the velocity level differences. The subscript ‘resonant’ has 
been added to denote that the relation only holds for frequencies greater than the 
cridcal frequency (without special consideration of x as will be discussed in 
Sections 2.3 and 2.4). Equation [18] can easily be applied to systems as it only 
requires knowledge of the velocity level differences and resonant sound reduction 
for the elements which can be obtained from simple measurements for frequencies 
greater than the critical frequency.

In the CEN model, a joint factor, K tjiSitu, is introduced to account for the
velocity level difference, Ay. between elements i and j,

K — •
l x ij,s itu  —

D„ + D L i
-  —+  lOIog- 1 ‘ [19]

where Ltj is the length of the joint between elements i and j, and La is the unit 
length. In writing equation [19] it was assumed that the structural reverberation 
times of the elements as installed in the field will be comparable to those measured 
under laboratory conditions when the element is mounted in a heavy test frame4. 
Substituting equation [19] into [18] gives the CEN model equation that is to be 
used with the joint transmission factor, Kjj (given in Annex E1),

(K i D
resonant j  .resonant

+ Kg.situ +  lOIog
A/A,

[20]

In this paper, sound reductions calculated using the CEN method 
(equation [20]) are compared to measured results for a flanking path and for the 
net sound reduction measured by using acoustic intensity and by standard test 
methods, respectively. The error in the CEN model prediction caused by using 
sound reduction data that contain both resonant and non-resonant components is 
demonstrated for a flanking path by comparing measured and predicted results. A 
method for determining the resonant component of the sound reduction is given. 
The CEN model is then evaluated using the computed resonant sound reductions 
of the flanking elements and the predictions are compared to the measured results.

2. APPLICATION OF THE CEN MODEL TO A FLANKING PATH

The CEN model was applied to a lightweight double lèaf construction that 
might occur in North America. The construction shown in Figure 1 was built in 
the flanking transmission test facility at the National Research Council of Canada’s 
Institute for Research in Construction. The facility can be assumed to have 
negligible inherent flanking transmission when considering the constructions
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presented here. The sound insulation between rooms A and B is examined subject 
to the intentional flanking path shown in Figure 2. The flanking path was formed 
by continuing the gypsum board of the flanking wall past the end of the partition 
wall. This might occur when forming a fire stop in a corridor wall or a vapour 
barrier in an external wall.

Figure 1. Section through the flanking facility with the specimen 
installed

Element F

E le m e n t 0

E le m e n t f

Figure 2. Plan section through the party and flanking walls o f the 
specimen.
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In describing the surfaces and flanking paths, the CEN nomenclature has 
been adopted. (The upper case indicates a source room surface, while a lower 
case indicates a receive room surface. The letter “d” or “D” denotes a surface 
associated with the partition wall, while “/ ’ or “F” denotes a flanking surface. 
Transmission paths are indicated by referencing the surfaces involved, e.g. F f is the 
flanking path from source room surface F  to receive room surface/.)

Figure 3 shows some of the flanking paths that are possible for this 
construction. Not all of the paths will provide the same degree of sound 
attenuation; some paths can be ignored. This will be discussed in the following 
sections.

Hoorn A

Figure 3. Propagation paths Figure 4. Measured sound reductions 
from room A to room B. (obtained using the ISO 140 test method) for

the elements used in the CEN model.

Since the CEN model is designed to predict the sound reduction (SRI) for 
monolithic constructions, the equations given in Annex B1 could not be applied 
directly. Instead, the measured data shown in Figure 4 (obtained in accordance 
with ISO 140) for the identical double-leaf construction were used.

For the direct path through the party wall, Dd, the measured SRI of a 
nominally identical wall (without any flanking paths) shown in Figure 4 was used.

2.1 Consideration o f Flanking Paths

Many of the flanking paths can be eliminated due to their limited effect on 
the net sound reduction. Examining the path from room A to B via only the
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flanking wall, Figure 3 shows two possible paths, F f and F f .  By inspection, the 
path F f  is considerably more direct than the path Ff, especially if it is assumed 
that the path of energy transport is the gypsum board cladding. An idea of the 
relative importance of the two paths can be obtained by comparing the magnitude 
of the first term of equation [20] for the path Ff and F f .  For the path F f  the first 
term is just Rf, since F  and /have nominally identical constructions. For the path 
F f ,  the first term is just R r  since F  a n d /  have nominally identical constructions. 
If R r  and Rf are taken to be the sound reduction through only half of the flanking 
wall (i.e. two layers of gypsum board on the stud work, but without the cavity 
absorption), then the sound reduction index (SRI) shown in Figure 4 gives a rough 
estimation of the relative path importance. Based on this, the path F f need not be 
considered. It can also be argued that all paths involving either F or /a re  of 
negligible importance compared those of the more direct path involving F  and /. 
There is one further path, an airborne path via the wail cavity. Given the fact that 
the inter-stud cavities on either side of F  and/are completely filled with batt 
insulation and that there is not direct line-of-sight across the joint in the wall 
cavity, this path is considered negligible with respect to the path F  and /.

For the model to be applied to the flanking paths involving the party wall, 
an approximation must be made to allow the wall to be treated as a monolithic 
element. Otherwise, there will be two joints —  one associated with each leaf of 
the party wall —  one more than the CEN model allows. For the purposes of 
applying the model, it is assumed that the party wall can be treated as monolithic. 
Thus, the flanking paths are F f ,  D f, and Fd. Gerretsen has just recently 
provided a method to estimate the joint factor based on velocity measurements 
made on each side of the walls at the joint5.

2.2 Joint Factor K r f  for Path F 'f

F f  is physically the most direct flanking path and will be examined in detail 
in this section to illustrate the application and shortcomings of the model to double 
leaf constructions.

The mechanism for flanking transmission between room A and B in the thin 
plate regime will be the propagation of bending waves from F  to / .  Since the 
CEN model does not make allowances for discontinuities in the surfaces 
supporting the propagating disturbance, it is important to verify that a double layer 
of gypsum board with staggered joints on a wood stud frame behaves like a 
homogeneous plate. It has been shown that such a wall, despite having joints in 
the layers, behaves reasonably similarly to a homogeneous plate but with a high 
total loss factor6.

Figure 5 shows the measured structural power flow at 1000 Hz for points 
on the elem ent/ of room B spaced every 8 cm from the edge with the party wall 
when the source room was room A. The figure shows that the structural power

V I - 2 7 8



A-1042.1 INTERIM REPORT Page 27 of 37

flow is reasonably continuous across the wall despite the joints in the gypsum 
board. Examining the slope of the regression fit line, it would be tempting to 
suggest that there was a very high attenuation with distance. This may not be the 
case as the probe measures the net energy flow along the pick-up axis which will 
be affected by reflected energy from joints and discontinuities.

Distance From  Party Wall (c m )

Figure 5. Measured structural power flow normal to the studs at 1 kHz 
for the segment o f the flanking wall defined by two rows 141 cm and 
161 cm up from the floor. Dotted lines are the 4.8 dB 95% confidence 
limits. Solid vertical lines represent studs. Wall height is 2.4 m.

The effect of the Tee joint between the flanking and party walls must be 
accounted for by using either measured data or using the joint transmission factor, 
Kij. Using Annex El, there are several possible ways of modeling the joint. Since 
only one leaf of the flanking wall is contributing, one might be tempted to model 
the joint between the party wall with the inner leaf of the flanking wall as a double 
leaf wall intersecting a homogeneous element. The other possible interpretation is 
that the joint is an intersection of two double leaf partitions. In either case, one 
must decide the correct mass to assign to the flanking wall and the party wall. If 
our interpretation of F f  being the dominant flanking path is correct, then by 
examining the constructions of Figure 3, the following can be written,

md =2mr  = 2mr  [21]

where m is the surface density of the element indicated by the subscript. Figure 6 
shows the CEN predicted joint factors, Kijt for the two joint types and the joint 
factor calculated from the measured velocity level differences using equation [19].
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Figure 6. Joint factor Kyt CEN predicted from Annex E1 and measured
using Equation [19].

The Œ N  joint factor for the intersection of two double leaf walls 
(Equation E71) is in good agreement with the measured value when the surface 
density of the flanking elements is considered to be half that of the party wall 
(equation [21]); otherwise the joint factor is underestimated. Modeling the joint as 
the intersection between a double leaf wall and a homogeneous wall 
(Equation E61) also underestimates the joint factor.

It should be noted that in any standard the number of constructions (i.e. 
joints and walls) that can represented will be limited and that there will always be 
cases where prescriptions of the standard are inapplicable.

23  Sound Reduction o f Flanking Path F f  Using Data Obtained 
from  the Test M ethod ISO 140

The constructions of both F  a n d /  are nominally identical so their sound 
reduction indices, Rf and Rf, and their transmission coefficients, Xf and y  should 
be the same. Shown in Figure 4 are the sound reduction values measured (in 
accordance with ISO 140) that were used in the prediction model.

Equation [20] can now be used to estimate the sound reduction index for 
the flanking path F f  assuming that the resonant component of the sound reduction 
for elements i and j  are known.

However, suppose that the only information available to the user was 
sound reduction data measured according to ISO 140 or similar standard 
procedure. Figure 7 shows the measured sound reduction, SRIMeas. and predicted 
sound reduction, SRIceni. for the flanking path F f  using the sound reduction data 
shown in Figure 4. SRlMetu was obtained by using the intensity method with 
adjacent radiating surfaces masked-off to minimize contamination7. From Figure 7 
it is evident that the CEN model grossly underestimates the sound reduction for 
frequencies less than the critical frequency of the 13 mm gypsum board (fc ~ 2900
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Hz). This occurs because the measured sound reduction data is the sum of two 
transmission types: resonant and non-resonant whereas for the flanking path Ff  
there should only be a resonant component. Thus, the non-resonant component 
contained in the measured sound reduction data represents a fictitious source of 
energy causing an underestimation of the sound reduction for frequencies where 
non-resonant transmission is dominant (i.e., frequencies much less than the critical 
frequency). For very heavy constructions, cast-in-place concrete or heavy 
masonry units, the critical frequency may be sufficiently low, that it is outside the 
normal interest of building acoustics, so that sound reduction data obtained 
according to ISO 140 or ASTM E90 may be used without undue error. However, 
for lightweight constructions where the critical frequency occurs in the middle of 
the building acoustics range, Figure 7 shows that the non-resonant sound reduction 
must be removed from flanking path predictions (equation [20]).

Figure 7. SRI for path F f .  Measured: SRIMeao CEN prediction using 
sound reduction data measured in accordance with the ISO 140 test 
method: SRIcenu CEN prediction using computed resonant sound 
reduction data: SRIcen2-

In the formulation of the CEN model, it is assumed that the radiated 
intensity of any surface can be described in terms of equation [4] which involves 
the mean square surface velocity and the radiation factor for that surface. This 
description is perfectly valid for resonant transmission, but not for non-resonant 
transmission. So, equation [4] and all expressions derived using it should only 
consider the case of resonant transmission and quantities associated with it.

2.4 Determ ining the Resonant Sound Reduction o f Elem ents F* a n d /9

The differences between SRlMea3 and SRIceni may be attributed in part to 
including the non-resonant component in the sound reductions used in 
equation [20]. Thus, the resonant component must be used. For monolithic

V I - 2 8 1



A-1042.1 INTERIM REPORT Page 30 of 37

building constructions this is quite easily accomplished (the Œ N  model provides 
the required equations), but for double leaf constructions the problem is not 
straightforward. Currently, there is not an analytic method for determining the 
resonant transmission by an arbitrary double leaf construction. The closest method 
is that of SEA; however, these models are only just being developed. One might 
be tempted to try and obtain the resonant component from measured sound 
reduction data (containing both resonant and non-resonant components) and 
remove the non-resonant by subtracting the non-resonant component predicted by 
‘mass-law’. Theoretically, this is feasible if the measured and input data for the 
‘mass-law’ prediction have a very high precision. However, since the measured 
data typically have a precision of ±2 dB, the uncertainty in the predicted resonant 
component for frequencies less than the critical frequency will be very large. In 
some cases, the estimation may suggest that the resonant component was negative.

The following discussion is used to derive an expression for the resonant 
transmission for the elements f  and F' in terms of measured quantities. Assume 
that for frequency range / )  f c the motion of the element is dominated by resonant 
motion, while for the range f { f c the motion of the element is dominated by non- 
resonant or forced motion.

The CEN equations Annex B l1 provide estimations of the transmission 
coefficient in these two ranges,

and

X = f 2 p " c 0
W c < * 2 "

resonant
A m * ,.

f ) f c [22]

x resonant

2 r
2 a f  + a 2

v
Vresonant
2
non-resonant _

f i f e [23]

where T|Wf is the total loss factor, co is the angular frequency, p0C0 is the
characteristic impedance of air, a  is the radiation factor for resonant motion, while 
Gf is the radiation factor for non-resonant motion, and vraonanl and vntm_rtsOKUU are
the surface velocities associated with the resonant and non-resonant components, 
respectively. Taking the ratios of the transmission coefficients gives,

V eq 2
2/TU

nan-resonant 2a  f + a 2
non-resonant .

[24]
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Assume that for the frequency range to which equation [24] will be applied the 
following holds,

2c .(er2- , - ™ ' [25]
J y

non-resonant

which should be a reasonable approximation for frequencies close to the critical 
frequency. Equation [24] can then be simplified to

X resonant K fc 1 non-resonant

X non-resonant . 2m ,0, j v 2\  resonant J

[26]

Thus the resonant transmission coefficient can be expressed in terms of the non- 
resonant component,

x resonant = Tnon—resonant [27]

where

n f c V non—resonant

yresonant /
/ a  [28]

Thus the resonant sound reduction can be written in terms of the non-resonant 
component for frequencies less than the critical frequency,

C D /  =  C D /
resonant non- resonant + 101ogi

%
[29]

The variables in equations [28] and [29] have to be related to measurable 
quantities before the equation they can be used to estimate the resonant sound 
reduction of an element.

The total loss factor, , can be obtained through measurements of the
structural reverberation time. Surfaces f  and F" which are nominally identical 
were found to have virtually identical loss factors. The best fit line to the mean of 
the measured data is shown in Figure 8 and is given by,

11Measured, total
0.939
•̂0.461 [30]
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Figure 8: Measured and CEN predicted total loss factor. Measured 
data is the best-fit line to the mean o f the measured total loss factors of 
elements f  and F .

Also shown in Figure 8 is the CEN prediction which was obtained by assuming 
that the structural reverberation time was given by reference structural 
reverberation time of CEN Annex A1. The CEN prediction then becomes,

*1CEN,total
0.984
jrO.5 [31]

The two are in very good agreement throughout the entire frequency range of 
interest.

The critical frequency can be roughly obtained from examination of the 
sound reduction data obtained according to standard test methods or, in most 
cases, more accurately through calculation when the material properties are 
known. For f  and F' the critical frequency was found to be approximately 
2900 Hz through calculation8.

The surface velocity that is due solely to non-resonant motion is not 
directly measurable when the surface receives airborne excitation. Rather, the 
velocity that is measured is the mean-square of the total surface velocity which is 
comprised from both non-resonant and resonant components. In formulating 
equations [28] and [29] it was assumed that for frequencies less than the critical 
frequency the surface motion would be dominated by the non-resonant component. 
Thus, as a first order approximation the following is written,

. )  M  [32]

when the surface receives airborne excitation. Thus equation 29 can be rewritten
as,
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S M  resonant ~  S R I /SO140 +  ^ ° § ^ T [33]

where,

S’

«fc
2fi\*

V  ^
to ta l

1

f  <fc 

f ï f c

[34]

Equation [34] need only be computed for frequencies less than the critical 
frequency. This is because above the critical frequency it was assumed that surface 
motion and hence the transmission coefficient would be dominated by resonant 
behavior. This was accomplished using the following steps.

First, the total surface velocity and the radiated sound power of F' in the 
source room are acquired. This was done with the surface subject to airborne 
excitation.

Next, the surface F' is excited structurally through its joint with f . The 
magnitude of structural excitation is adjusted until the radiated sound power of F' 
is equal to that when F' received airborne excitation. At the point when the sound 
intensities are equal, the surface velocity of F' resulting from the structural 
excitation is measured.

The measured velocity of the surface when subjected to airborne excitation 
is, by equation [32], approximated by (v2non_resoiumt'). The measured surface velocity

when subjected to structure borne excitation is equal to /v2i:illllf\ provided that the
forced motion near the excitation point is small and/or dies away quickly with 
distance. This should be a reasonable approximation for highly damped surfaces 
such as these.

Equations [33] and [34] are used to calculate the resonant sound reduction 

for the surfaces f  and F'. The correction term, 10 log— , that must be added to

sound reduction data from standard test methods to give the resonant sound 
reduction is shown in Figure 9. The figure shows that in the. frequency range 
315 to 2500 Hz the correction increases with decreasing frequency as one would 
expect. For frequencies below 200 Hz the correction values given in the figure are 
probably not vaüd. This may be due in part to measurement errors caused by 
insufficient masking to remove the effects of the more energetic adjacent surfaces
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(i.e. the party wall), and insufficient room absorption when measuring the radiated 
sound intensity. There is also another possible source of error that might affect 
estimation of ^ in the low frequencies. The surface velocity was measured at 
regularly spaced intervals (at or near the centre of an inter-stud cavity which would 
bias results near the frequency of sub-panel resonances). Furthermore, the 
assumption made in equation [32] that was used to simplify [28] is likely to be a 
poor approximation for frequencies well below the critical frequency.

Figure 9. Correction for the non-resonant component for the path F f  
calculated from measured data.

Equation [20] may now be rewritten in terms of sound reduction data 
obtained from standard test methods,

.  (*u_  . i,ISO l4Q  +  R j J S O U O  )  r .  , S,
** =~----------H -------- + 5 log(£ fej) + K gjilu 10 log

LrLij o

[35]

2.5 Determ ining the Sound Reduction for Path F ' f

Equation [35] was used to estimate the SRI for the path F f .  The results 
are labeled as SRIceni in Figure 7. As expected, at and above the critical 
frequency, SRIceni and SR1cen2 agree reasonably well with the measured results, 
SRI Meat, since in this region transmission is dominated by the resonant component. 
Throughout the entire frequency range 200-2000 Hz, SRICEm  apparently 
overestimates the sound reduction of the flanking path when compared to SRIMeaj. 
This may be due in part to difficulties in accurately determining the measured 
quantities used in the correction term ^ as discussed in the previous section. 
Despite this, SRIcEm that made use of the correction term, provides a better 
estimate of the flanking path’s sound reduction for frequencies less than the critical 
frequency when compared to SRIceni which does not correct for the non-resonant 
component of the input data.
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3. NET SOUND REDUCTION

The net sound reduction between rooms A and B is given by equations [1] 
and [2]. The net SRI for the flanking paths are calculated for the two methods 
using equations [35] and [20] and are shown in Figure 10 as SRIceni and SRICen2 . 
respectively. SRIMeas is included for comparison. From the figure it can be seen 
that SRIceni is in very good agreement with SRIueaJ; within 3 dB for almost all 
frequencies. SRIceni, which does not correct for non-resonant transmission in the 
flanking paths shows a significant and consistent underestimation of the net SRI 
for most frequencies less than the critical frequency, 200-2500 Hz. For a 
significant portion of this range, the underestimation is greater than 5 dB.

Figure 10. Met SRI between rooms A and B. Measured: SRIMeas, CEN 
prediction using sound reduction data measured in accordance with the 
ISO 140 test method: SRIceni, CEN prediction using computed resonant 
sound reduction data: SRIcen2

From Figure 10 it is evident that the non-resonant correction, that was 
used in equation [35] has significantly improved the accuracy of the CEN model 
for the case given here. It is interesting to note that the agreement between the 
measured sound reduction and the prediction SRIcen2  is better for the net sound 
isolation (Figure 10) than for the flanking path FT  (Figure 7). This is because in 
the frequency range where q' began to significantly over estimate the resonant 
sound reduction of flanking path of FT or became invalid due to measurement 
errors and approximations, non-resonant transmission through the nominal 
partition (Dd) became the dominant from of transmission and the flanking paths 
had a negligible contribution.
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4. CONCLUSIONS

The CEN building acoustics prediction model which was initially intended 
for heavy monolithic constructions shows promise for lightweight double leaf 
constructions. Successful application of the model to double leaf constructions 
requires that the user correctly identify the path or paths of energy transport and 
the effective surface masses of the elements. Furthermore, the model relies on the 
fact that the double leaf elements can be reasonably approximated by a monolithic 
element.

Unfortunately, since the critical frequency for many lightweight double leaf 
constructions falls in the range of building acoustics, it is not possible to use the 
sound reduction data obtained from standard test methods when predicting the 
SRI of flanking paths. This due to the fact that SRI data from standard tests 
include a non-resonant component which is not present in flanking paths. Thus, 
using SRI data from standard tests tends to underestimate the SRI of a flanking 
path for frequencies less than the critical frequency.

A method was given by which the resonant transmission component can be 
obtained from standard measures of sound reduction. Unfortunately, the method 
requires that one know the radiation factor of the surface and the ratio of the 
resonant to non-resonant velocity. These quantities can be measured but, in 
general, this may not be practical. Being able to accurately predict the resonant 
transmission for the elements involved in the flanking paths is key to the success of 
this and any other prediction model. There may be constructions which do not 
lend themselves to being treated or approximated as monolithic elements in which 
case this prediction model is likely to be impractical to apply.

If the CEN model is given a reasonable estimate of the resonant sound 
reduction for the flanking surfaces then the model gives a prediction that is in good 
agreement with the measured result for the case considered here.

Continuing the gypsum board of a stud wall across the end of a party wall 
can seriously reduce the net SRI, especially for frequencies above the critical 
frequency of the gypsum board. If die wall is clad with a double layer of gypsum 
board having staggered joints, then the surface supports bending waves similarly to 
a homogeneous plate with a high loss factor.
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Case I: Base Case

Figures: 1 ,2 , 3

AB, CD = STC 55
AC, BD = STC 50-53

Construction Type:
Apartment or Stacked dwellings

Purpose:
To establish a base case to which specimens having a fire stop at the joint can be 
compared. If there is no difference between the base case and the cases with the 
fire stop then, the presence of the fire stop has no effect acoustically.

Party W all:
Double wood stud load-bearing wall having separate head and sole plates (nominal 
25 mm separation between frames), double head plate, absorptive material filling 
one side of the wall cavity, finished with a single layer of 15.9 mm type X gypsum 
board either side. See Figure 1.

Consortium Committee on Flanking Transmission at Joints in Multi-Family Dwellings: 2
Transmission Via Fire Stops

Floor:
Figure 2 shows 16 mm OSB floor decking, 38x235 mm wood studs 400 mm o.c., 
180 mm of absorptive material, bridging and strapping; 19x64 mm strapping 
600 mm o.c. used as furring strips, 19x64 or 38x38 mm bracing no more than 
2100 mm o.c. located at strapping points;
Room C: two layers of 15.9 mm type X gypsum board placed directly on the 
wood furring;
Room D: generic resilient channels 600 mm o.c., placed perpendicular to the 
strapping (the deflection vs. load will be measured to characterize the channel), 
two layers of 12.7 mm type X gypsum board.

Cavity Absorption:
A previous NRC study (Sound Transmission Through Gypsum Board Walls) has 
shown that the sound isolation performance of a wall remains virtually unaffected 
(typically much less than one STC point) when the batt cavity absorption is 
changed from a glass fiber to a mineral fiber batt of the same nominal thickness. 
Thus, for the acoustical component of this study, we shall consider the two 
products to be equivalent and a mineral fiber batt having a nominal thickness of 
89 mm will be used for the first series.

Floor/Wall Intersection:
Load bearing party wall with the joists perpendicular to the party wall, single joist 
header, no batt insulation in the nominal 25x365 mm cavity formed by the joist 
headers and the wall plates.

2
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Facade Wall:
Figure 1 shows the intersection of the party and flanking walls. In the first round 
of acoustical tests (which have been designed to establish the effect of individual 
fire stops at the wall/floor joint); the facade wall should not represent a flanking 
path from the upper to lower room. Consequently, the finish gypsum board 
surface has been purposely made massive with a resilient mount to the wall frame. 
As shown in Figure 1, the facade wall may represent the wall between a dwelling 
and a corridor.

In the second round of acoustical tests, it might be desirable to investigate the 
effect of this flanking path with the facade wall ‘typically finished’ (e.g. 12.7 mm 
thick regular gypsum board).

Consortium Committee on Flanking Transmission at Joints in Multi-Family Dwellings: 3
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90 mm batt 
insulation

two layers 15.9mm type X 
gypsum board

resilient channel 
600mm o.c.

exterior cladding 
(not part of the 
specimen)

load bearing 
party wall

38x8 9mm studs 
400mm o.c.

15.9mm type X 
gypsum board

batt insulation 
140mm thick 38x140mm wood studs 

400mm o.c.
facade wall

PLAN SECTION: BASE CASE 
TROUGH PARTY AND FACADE WALLS 
(typical of both upper and lower rooms)

FIGURE: 1
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19x64mn\strap

bridging 
and 

strapping

89x235mm joists 
400mm o.c. '

^ ! " M m III

V
i

i

i
j

!

j j I
I ! i I

90mm

600mm
\

\
600mm

V
600mm

\
600mm

s

V
600mm

600mm
\
J 600mm

joist header at party wail 
------------ 4.54m -------------

FLOOR PLAN ROOM A: BASE CASE 
View from below
ROOM B SIMILAR CONSTRUCTION

FIGURE: 2

no ties
No Scale

VERTICAL SECTION: FLOOR AND PARTY WALL
Casa: I Base Casa

FIGURE: 3
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Case II: Base Case with absorption completely filling the wall cavity

Figure: 4

AB, CD = STC 58
AC, BD = STC 50-53

Construction Type:
Apartment or Stacked dwellings

Purpose:
This assembly satisfies the intent of the NBCC, since the cavity is completely filled 
with absorption. This should represent the ideal case as the additional cavity 
absorption increases the sound isolation potential of the wall without introducing 
the physical coupling that causes flanking transmission.

N ote: To completely fill the cavity, batt insulation having a total thickness of 
approximately 203 mm (8 inches) is required. This may be accomplished by using: 
a). 63.5 mm (21/2 inch) batt plus 139.7 mm (51/2 inch) batt or; b). a single
209.5 mm (814 inch) batt. Care must be taken not to overfill and hence compress 
the cavity insulation. Overfilling can significantly degrade the low frequency 
performance of the wall (as shown in the Gypsum Board W all Study). Thus, it is 
recommended to use materials whose total thickness is equal to or only slightly 
exceeds the cavity depth. It is suggested that 63.5 mm {2Vi inch) batt plus
139.7 mm (51/2 inch) batt be used as these are more common thickness.

Consortium Committee on Flanking Transmission at Joints in Multi-Family Dwellings: 5
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load bearing 
interior stud wall

single layer 15.9mm 
gypsum board type X

15.9mm OSB 
screwed

batt absorption 
180mm thicl

resilient channel 
this side only

two layers 15.9mm 
gypsum board type X

two layers 12.7mm 
gypsum board type X

batt absorption 
completely filling 
cavity

19x64mm strap

25mm air gap 
no ties

No Scale

VERTICAL SECTION: FLOOR AND PARTY WALL
Case: II Base Case + Additional Absorption Completely Filling Wall Cavity

FIGURE: 4
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Case HI: Base Case + 25 mm Coreboard (Gypsum Board)
Row Construction

Figure: 5

AB *  CD < STC 55 
AC, BD not relevant

Construction Type:
Row type housing

Purpose:
To establish the effect of introducing a 25 mm coreboard fire stop. In this
configuration there is no absorption in the fleer cavity and the gypsum board on 
the ceiling is considerably lighter than the Base Case. This may cause the sound 
isolation across the party wall to differ from Case IV (although the fire stop is 
nominally identical).

Note: It is likely that when the floor joist cavity does not have absorption there 
will be efficient air-borne coupling from the floor decking to the gypsum board 
ceiling and visa versa. This increased coupling involving the floor may cause a 
reduction in the apparent sound isolation of the party wall.

The type of floor construction (Apartment vs. Row House) will only change the 
apparent performance of the party wall when there is significant flanking 
transmission at the joint. Thus, the following cases should be unaffected: I, H, V, 
and IV. Only for Cases HI and IV which have Coreboard should there be a need 
to investigate both types of floor constructions.

VI-295
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load bearing 
interior stud wall

VERTICAL SECTION: FLOOR AND PARTY WALL
Casa: III Basa Case + 25mm Coreboard (Row Type Construction)

FIGURE: 5
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Case IV: Base Case + 25 mm Coreboard (Gypsum Board) Apartment/Stacked
Construction

Figure: 6

AB, CD < STC 55
AC, BD < STC 50-53

Construction Type:
Apartment or Stacked dwellings

Purpose:
To establish the effect of introducing a 25 mm coreboard fire stop.

N ote: The case is only relevant if Case III (Base Case + 25 mm Coreboard Row 
Construction) experienced a reduction the sound isolation relative to the Base 
Case. Results can be compared directly to Case HI to establish the impact of the 
different type of floor construction.

single layer 15.9mm 
gypsum board type X

load bearing 
interior stud wall

batt absorption 
180mm thick

two layers 15.9mm 
gypsum board type X

15.9mm OS8 
screwed

resilient channel 
,this side only

two layers 15.9mm 
gypsum board type X

batt absorption 
90mm thick 
one side

19x64mm strap

25mm air gap 
no ties No Scale

VERTICAL SECTION: FLOOR AND PARTY WALL
Case IV: Base Cass + 25mm Coreboard (Apartment or Stacked Unit Construction)

FIGURE: 6
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C aseV : Base Case + 0.38 mm sheet steel

Figure: 7

A 3 ,  CD < STC 55 
AC, BD < STC 50-53

Construction Type:
Apartment or Stacked dwellings

Purpose:
To establish the effect of introducing a 0.38 mm sheet steel fire stop.

Note: There is only a single joist header at the joint due to the fire rating of the 
floor assembly. If this were row-type construction, the floor would not be fire 
rated and a double joist header would be required. The sound isolation between 
room pairs AB and CD are not likely to be affected by such a construction change. 
The sheet steel will be flat and not dimpled or creased as this represents the worst 
possible way the sheet steel could be installed. Adding a dimple or crease to the 
sheet steel (as shown in the figure for visibility) might help to improve sound 
isolation. However, this should only be required if the walls had an STC or 60 or 
better.

load bearing 
interior stud wall

single layer 15.9mm 
gypsum board type X

batt absorption 
180mm thick

0.38mm 
sheet steel

15.9mm OSB 
screwed

resilient channel 
this side only

two layers 15.9mm 
gypsum board type X

layers 12.7mm 
gypsum board type X

batt absorption 
90mm thick 
one side

m strap

25mm air gap 
no ties

VERTICAL SECTION: FLOOR AND PARTY WALL
Case V: Base Case + 0.38mm Sheet Steel

No Scale

FIGURE: 7
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Case VI: Base Case + 25 mm semi-rigid batt material

Figure: 8

AB, CD < STC 55
AC, BD < STC 50-53

Construction Type:
Apartment or Stacked dwellings

Purpose;
To establish the effect of introducing a 25 mm semi-rigid batt fire stop.

single layer 15.9mm 
gypsum board type X

load bearing 
interior stud wall

batt absorption 
180mm thick

25mm semi-
15.9mm OSB 

, screwed
resilient channel 

/this side only

two layers 15.9mm 
gypsum board type X

batt absorption 
90mm thick 
one side

•two layers 15.9mm 
gypsum board type X

m strap

25mm air gap 
no ties

VERTICAL SECTION: FLOOR AND PARTY WALL
Case VI: Base Case + 25mm Semi-Rigid Batt No Scale

FIGURE: 8
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'FORINTEK CANADA CORP.
Eastern Laboratory

Building Systems Department - Fire

30-10C-045

MEETING REPORT
»

L.R. Richardson

On April 5, 1995, I met with Catherine Lalonde and Rod McPhee of the Canadian 
Wood Council to finalize design details and test conditions for floor systems being 
tested for acoustical and fire performance by NRC.

The following points were agreed to:

•  Floors must be constructed with bridging, blocking and strapping, as required 
by the code, for the acoustical tests.

•  Some subfloors will have to be nailed and glued to comply with the code. To 
improve the consistency, we should insist that all of the floors be attached with 
screws. All gypsum board should be fastened using screws.

•  Bridging will create pockets between adjacent pieces of insulation in the 
assemblies. This could have a detrimental effect on fire performance of the 
assemblies. Since bridging and blocking probably will not enhance the fire 
performance of floors, we should not incorporate them in the floors for the fire 
tests or only use blocking. Being solid, blocking will not create any air pockets 
between batts of insulation in the assemblies.

•  The floors are fire-rated assemblies. Therefore, wood-frame floors must be 
protected with gypsum board. Table 9.4.3.A. of the NBCC specifies that when 
ceilings under floors are lined with gypsum board, the maximum allowable 
deflection in the floor is £/360.
Note: CAN/CSA-A82.31 permits a deflection of £/240 in floors protected by 
gypsum board, however, the CSA standard has been withdrawn.

For many of the floor designs being studied, the maximum design load for the 
assemblies will be that which produces a deflection of £/360. In other words, 
serviceability limit states and not strength limit states will govern the maximum 
allowable loads for many of the designs.

Planning - Floors 
CWC & Forintek
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3010C045
5 Apr 1995
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Also, for light industrial, commercial and residential structures, the 1995 NBCC 
assumes a live load of 40 lb/ft2. If a proposed design will have a deflection 
greater than £ / 3 6 0  under a live load of 40 lb/ft2, then the assembly would not 
be permitted under the code and should not be fire tested. Notwithstanding 
the above, these "non-conforming" floors could be tested for acoustical 
performance.

•  Dead loads for floors are the actual weight of the materials in the assembly. 
[There is no assumption that floors must support any of the weight of the 
remainder of the building.]

•  Rod will hold a conference call with Joe Piscone of Truss-Joist Macmillan at 
1:00 pm on April 6 to discuss TJM's participation in the project. I will sit in on 
that call. It is imperative that there be consensus among representative of I- 
beam manufacturers and representatives of solid timber products (joists) on 
testing parameters and assembly designs. The wood industry must be in 
agreement on all points discussed at partnership meetings. (We can air any 
dirty laundry in front of the steel and concrete people.)

•  Maximum design loads for I-beams and trusses will have to be determined by 
the manufacturers of the products.

•  I-beams are manufactures with either solid-sawn or LVL flanges. We should try 
to include at least one of each type in this study. Both 1 1/2x 3 1/2 and 1 1/2x 1 1/2 
flanges are used. We should leave it to the manufacturers to determine which 
is the appropriate size for the 16' spans in these tests.

•  I-beams usually come with 1.5" poke-outs 24" o.c. The I-beams used in this 
study should not have any other knockouts. Furthermore, we should resist any 
suggestions that "service-holes" be drilled through the timber joists. We must 
not permit any webs to be removed from the trusses for "service" purposes.

•  I will obtain, from local sources, the trusses used in this project. They will be 
similar to those tested by CWC in 1986. 16' Trusses usually do not have a 
splice in the bottom cord: longer trusses do. Since the bottom cord in trusses 
is under tension, a splice in that cord represents the "worse-case scenario".

Planning - Floors 
CWC & Forintek
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Unless someone else raises the issue, there will not be a splice in the bottom 
cord of the trusses used in this study. Both top and bottom cords and the 
webs will be constructed with 2x4's on the flat (on the side rather than edge). 
NOTE: Parallel cord trusses less than 16" in depth are commonly

constructed with the 2x4's on the flat, those greater than 1 6" in 
depth are constructed with the 2x4's on edge. Floor trusses are 
usually 12" high (deep). All floor trusses for 16' spans are 12" 
high.

•  Since new loading criteria will be available for floor trusses by December 1995, 
we should try to delay testing truss floors until such time as we can load them 
according to those new criteria.

Planning - Floors 
CWC & Forintek
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FLOOR TRUSS TEST 13714 GANG-NAIL CANADA INC.CN 725 DENISON ST. E. MARKHAM,ONT., CAND. L3R1B0
FC-Oi 4B

JT TYPE W LEN Y X (MEMBER) C H 0 R D S
MEMBR FORCE HOR DISP SLOPE/12

1 CR02 GNA20 4.OX 7.1 1.50 2.75 ( 1- 2) FR-TO (LBS) FT-IN-SX DEPTH IN
2 CRI1 GNA20 1.6X 3.1
2 BN00 GNA20 1.0X 3.9 1- 2 142C 0- 0- 12.000 D3 IN02 GNA20 4.0X10.1 1.25 6. 00 ( 1- 3) 2- 3 0 2- 3- 0.0004 INI1 GNA20 1.6X 3.1 3- 4 2896C 2- 1- 0.0005 IN02 GNA20 3.OX 3.1 1.25 1.50 ( 5-10) 4- 5 2896C 2- 1- 0.0006 INI1 GNA20 1.6X 3.1 5- 6 2896C 2- 1- 0.0007 IN02 GNA20 4.0X10.1 1.25 6.00 ( 7- 9) 6- 7 2896C 2- 1- 0.000• CRI1 GNA20 1.6X 3.1 7- 8 0 2- 3- 0.0001 BN00 GNA20 1.0X 3.9 I- 9 142C 0- 0- -12.000 D9 CR02 GNA20 4.OX 7.1 1.50 2.75 ( • - 9) 9-10 1I52T 4- 4-1 0.00010 IN03 GNA20 3.OX 7.0 1 25 1.50 ( 5-10) 10-11 3210T 4- 2- 0.00011 IN03 GNA20 3.OX 7.0 1.25 1.50 ( 5-111 11- 1 1852T 4- 4-1 0.000

DESIGN SPECS. FOR LIGHT METAL PLATE MAX. PURLIN SPACE- 4.8 FT. , MAX.

LOAD
(PLF)

0.0
124.0
124.0
124.0
124.0
124.0
124.0

0.0
10.0
10.0
10.0

WEBS 
MEMBR FORCE 
FR-TO (LBS)

N.L.G.A.RULES 
CHORDS SIZE LUMBER DESCRIPTION

DESIGN CRITERIA

1- 3 
3-11 
4 11 
5-11
5- 10
6 -  10 
7-10 
7- 9

1982C 
1131T 
261C 
340C 
340C 
261C 
1131T 
1982C

1 -  2 
2-  8 
I- 9 
9- 1

NEBS 
1- 3

NEBS
3-11

4X
4X
4X
4X
4X

4-11

2 CONST. S-P-F
TOP CH. LL- 

DL-
52
10

PSF
PSF2 NO. 2 S-P-F BOT CH. LL- 0 PSF2 CONST. S-P-F DL- 5 PSF2 NO. 2 S-P-F TOTAL LOAD 67 PSF

2 CONST. S-P-F SPACING- 24 IN. C/C
5-11 5-10 6-10

4X 2
7-10 NO. 2 S-P-F

CONNECTED WOOO TRUSSES,TPIC,1981.
C.M.B.C. ACCEPTANCE NO'S 
•111,9529,10319

GANG-NAIL CANADA INC. IS NOT RESPONSIBLE FOR 
QUALITY CONTROL IN THE TRUSS MANUFACTURING PLANT.
THIS DESIGN USES UNSYMMETRICAL PLATING

MAX. UNBRACED BOT.CH. LEN.- 23.3 FT.
NOTE: LATERAL BRACES AND PURLINS INDICATED FOR TRUSS MEMBERS 
ARE REQUIRED TO REDUCE BUCKLING LENGTH OF MEMBER, AND SHOULD 
BE NAILED TO TRUSS MEMBERS WITH MINIMUM OF 2-10D NAILS.
PROVISIONS MUST BE MADE AT ENDS OR SPECIFIED INTERVALS 
TO RESTRAIN OR ANCHOR LATERAL BRACING(BY OTHERS).

INPUT DEFL. L/360
INCREASES(PER CENT) 
LUMBER- 0 NAIL- 0 
TCII LS-10 BCR LS-10
NAIL VALUES(PSI) GROSS

M/\X. Dl/£ LMl> DEFL£crlO*( • 

load - f l  flm ates

CHORDS WEBS
MAX MIN MAX MIN

GNA20 119 120 119 120
GN -SHEAR (PLI) SECTION

MAX MIN MAX MIN
60 433 403 972 592

GROSS BRG
JT REACT IN-SX
1 871.0 1- 0
9 • 71.0 1- 0

CAMBER- 0-1 / •

t " - 1 — 1

SEE REVERSE SIDE FOR 
GANG-NAIL CANADA, INC. 
GENERAL SPECIFICATIONS

VOIR VERSO POUR 
DESCRIPTIONS GENERALES 

GANG-NAIL CANADA INC.

GANG-NAIL CANADA, INC.
72 5  DENISON STREET EAST 
MARKHAM, ONTARIO L3R 1B8 
PHONE ( 4 1 6 |  4 7 5 - 6 6 7 0

GANG-NAIL1'

NOV 5,1904

Z - 6 1 1 8 3
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FLOOR TRUSS TEST 13714 GANG-NAIL CANADA INC.
CN 725 DENISON ST. E. MARKHAM,ONT., CAND. L3R1B8

3 FC-014B
JT TYPE H LEN Y X (MEMBER) C H 0 R S H B S

MEMBR FORCE HOR DISP SLOPE/12 LOAD MEMBR FORCE
1 CR02 GNA20 3.OX 4.6 3.00 ( 1- 2) FR-TO (LBS) FT-IN-SX DEPTH IN (PLF) FR-TO (LBS)
2 CRI 1 GNA20 1.6X 3.1
2 BN00 GNA20 1.0X 3.9 1- 2 114C 0- 0- 0 12.000 D 0.0 1- 3 264C
3 IN02 GNA2 0 3.OX 3.1 1.25 1.50 ( 3- 5) 2- 3 0 1-10- 0 0.000 124.0 3- 5 264C
4 CR11 GNA20 1.6X 3.1 3- 4 0 1-10- 0 0.000 124.0
4 BN00 GNA20 1.0X 3.9 4- 5 114C 0- 0- 0 -12.000 D 0.0
5 CR02 GNA20 3.OX 4.6 3.00 ( 4- 5) 5- 1 2 36T 3- S- 0 0.000 10.0

DESIGN SPECS. FOR LIGRT METAL PLATE MAX. PURLIN SPACE- 23.3 FT. , MAX. UNBRACED BOT.CH. LEN.-

N.L.G.A. RULES DESIGN CRITERIA
CHORDS SI2E LUMBER DESCRIPTION

TOP CH. LL- 52 PSF
1- 2 4X 2 CONST. S-P-F DL- 10 PSF2- 4 4X 2 NO. 2 S-P-F BOT CH. LL- 0 PSF4- 5 4X 2 CONST. S-P-F DL- 5 PSF5- 1 4X 2 NO. 2 S-P-F TOTAL LOAD- 67 PSF

ALL WEBS 4X 2 CONST. S-P-F SPACING- 24 IN. C/C

CONNECTED HOOD TRUSSES,TPIC,1911.
C.M.H.C. ACCEPTANCE NO'S 
I1M.9529. 10319

GANG-NAIL CANADA INC. IS NOT RESPONSIBLE FOR 
QUALITY CONTROL IN THE TRUSS MANUFACTURING PLANT.
THIS DESIGN USES UNSYMMETRICAL PLATING

NOTE: LATE-IAL BRACES AND PURLINS INDICATED FOR TRUSS MEMBERS 
ARE REQUIRED TO REDUCE BUCKLING LENGTH OF MEMBER, AND SHOULD 
BE NAILED fO TRUSS MEMBERS WITH MINIMUM OF 2-10D NAILS. 
PROVISIONS MUST BE MADE AT ENDS OR SPECIFIED INTERVALS 
TO RESTRAIN OR ANCHOR LATERAL BRACING(BY OTHERS).

INPUT DEFL. L/360
INCREASES(PER CENT) 
LUMBER- 0 NAIL- 0 
TCH LS-10 BCH LS-10
NAIL VALUES(PSI) GROSS

CHORDS WEBS
MAX MIN MAX MIN

GNA20 119 120 119 120
GN SHEAR (PLI) SECTION

MAX MIN HAX MIN
60 433 403 972 592

GROSS BRG
JT REACT IN-SX
1 245.7 1- 0
5 245.7 1- 0

CAMBER- 0 0/1

H - 4 — l
SEE REVERSE SIDE FOR 

GANG-NAIL CANADA, INC. 
GENERAL SPECIFICATIONS

VOIR VERSO POUR 
DESCRIPTIONS GENERALES 
GANG-NAIL CANADA INC.

GANG-NAIL CANADA, INC.
725  DENISON STREET EAST 
MARKHAM, ONTARIO L3R IBS 
PHONE ( 4 1 6 )  4 7 5 - 6 6 7 0

GANG-NAIL"

NOV 7, Met c- FLO

Z - 6 1 2 1 8



MEETING REPORT 
Planning Meeting

Fire Resistance and Sound Transmission of 
Wood-Frame Shear Walls

L.R. Richardson

On April 27, 1995, Rod McPhee (CWC) and I met with Mohamed Sultan (NFL) and Trevor 
Nightingale (IRC-Acoustics) to finalize plans for the joint NRC-industry research program to 
determine sound-transmission-class and fire-resistance ratings for shear walls. Background 
information about the research project can be found in the draft NRC proposal to CWC for a 
Joint Research Project on Fire Resistance and Sound Performance o f  Wood Stud Shear Walls, 
dated 1995-03-28.

Comment: Both the sound and fire tests are intended to build upon information garnered
from earlier NRC tests on interior walls.

All assemblies will be insulated with R13 glass-fibre batts.

Studs will be S-P-F, No. 1 and No. 2, S-Dry 2x4’s spaced 400-mm o.c.

Shear panels will be Vz" OSB and Vz" CSP.

Nail spacing and size for the shear panels will be that specified in CW C’s design manual.

During the fire tests, the same additional thermocouple measurements made on the interior walls 
will be made on these walls.

Rod will provide NRC with the contribution of the shear panels to the dead-loads on the walls. 
Maximum design loads will be the same as those for the interior walls.

The side o f the shear wall that is lined with only gypsum board is the least fire-resistant and 
therefore, it is the side o f the wall that should be exposed to fire.

In these tests, the shear panels will be covered with one layer of gypsum board.

30-10C-045
FORINTEK CANADA CORP.

Eastern Laboratory
Building Systems Department - Fire

Partnership Committee April 19, 1995
Flanking Sound Transmission 1  M-59 NRC-NFL
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Full-scale fire tests will include:
•  lxVz" Type X GWB on the fire side and lx  Vi" OSB covered by one layer o f V2 " Type 

X GWB on the other;

•  IxVi" Type X GWB on the fire side and lx  Vi" CSP covered by one layer o f Vi" Type 
X GWB on the other;

•  IxVi" Type X GWB covering lx  Vi" OSB on the fire side and lx  Vi" Type X GWB on 
the other; and

•  IxVi" Type X GWB covering lx  Vi" CSP on the fire side and lx  Vi" Type X GWB on the 
other.

The sound tests will investigate the effect on acoustical performance of two types o f shear panel 
(OSB and CSP), thickness o f the shear panels, fastener (for the shear panels) spacing, stud 
spacing, and spacing of resilient metal channels.

All of the fire tests must be completed between June 5 and July 7. Materials (studs and shear 
panels) must be delivered to NRC by June 2.

The gypsum industry is participating in this program and will supply the GWB.

Partnership Committee
Flanking Sound Transmission 2

April 19, 1995 
M-59 NRC-NFL

VII-7



30-10C-045

MEETING REPORT 

L.R. Richardson

On May 1, 1995, I met John Lowood (SBA) and Rod McPhee (CWC) at Forintek’s Ottawa 
offices. I had asked for the meeting in order to review the results from NRC’s sound and fire 
tests on interior partition walls with John. Also, Rod and I wanted John’s input about the joint 
(flanking), floor and shear-wall systems that NRC will evaluate for acoustical and fire 
performance. Finally, Hisa demonstrated Forintek’s heat-transfer model to John and Rod.

John made the following points:

•  Among the assemblies being examined for the flanking project, there should be one 
design having V2 " thick neoprene sill gaskets placed between the subfloor and bottom 
wall plate in the party walls.

•  Flanking is a serious problem. However, there are no easy ways to prevent it. 
Therefore, we should not put too much of our effort into that subject. Instead, we 
should focus the bulk of our work on the fire and acoustical performance of floors and 
walls.

NOTE: This IS the approach Forintek and CWC are taking. However, there would be no
benefit from  our determination o f  new STC and FR ratings fo r  wood-frame walls 

i and floors i f  building officials in Ontario and Alberta proscribed their use because
o f  flanking problems associated with these systems. Flanking o f  sound is the 
leading re-call problem in multi-family housing fo r  the "new-home warranty " 
programs in those two provinces.

•  Because they give better serviceability (vibration) performance, John strongly 
recommended that we use % " T&G OSB on joists spaced 600-mm o.c. rather than 5/a" 
OSB on joists spaced 400-mm o.c for the test floors.

•  John strongly recommended that we test some floors with l 1/a" plywood and OSB 
sub flooring.

FORINTEK CANADA CORP.
Eastern Laboratory

Building Systems Department - Fire

Planning Meeting May 1, 1995
SBA/CWC/FCC 1 Forintek Fire Centre

V II-8



•  Although codes permit the use of either 3/a" plywood or OSB panels on shear walls, John 
strongly recommended that we use only Vi” panels on the shear walls that are examined 
in this project, Also, he recommended that we use full Vi" thick OSB rather than 7/16” 
panels.

•  SBA (or one or two members of SBA) will provide Forintek, free of charge, the OSB 
cub flooring and panels for shear walls examined in this project.

COMMENT: John has had several bad experiences in his dealings with NRC. Consequently, 
he has serious reservations about the competence o f  N R C s scientists. Also, over 
the years, Jack Marshall has made a number o f  comments to the CCBFC Standing 
Committee on Fire Performance Ratings that seriously hurt the "waferboard " 
industry. NRC has hired Marshall to construct all o f  the assemblies being fire  
tested in this project. Therefore, John was very concerned that Marshall would 
not handle OSB equitably, in comparison to plywood. Rod and 1 assured him that 
all decisions concerning the design and construction o f  the assemblies are the 
exclusive responsibility o f  the partnership committee. We explained that the 
partnership committee makes all decisions in regard to such questions as the size 
o f  the applied load fo r  loadbearing assemblies; fastener type, size and spacing fo r  
the gypsum board, subflooring and shear panels; thickness o f  the subflooring and 
size and spacing o f  the structural elements (joists, I-beams and trusses), etc. 
John was most relieved to learn that NRC s ta ff do not make any o f  these 
decisions. Similarly, his concerns about Marshall were alleviated when we 
explained that the participating "industry" partners select the materials to be used 
and the general method o f  construction.

I promised to send John copies o f the most important documents concerning the flanking, floor 
and shear wall tests. Lowood agreed to review this material and comment on the proposed 
assembly designs.
t

Rod outlined the "mentor program" that CWC has established to oversee each of CW C’s major 
activities. Rod asked John and I to be mentors for CW C’s work on this NRC project. We 
accepted.

John stated that, from his point o f view, this is one o f the most exciting and important research 
projects ever undertaken by the wood industry and that CWC and Forintek are doing an 
excellent job in handling it for the industry.

John was very impressed with H isa’s heat-transfer-model demonstration and asked if someone 
from Forintek could give a presentation (and demonstration) o f the model at the October SBA 
meeting in Vancouver. I will discuss this with John over the next few months.

Planning Meeting May 1, 1995
SBA/CWC/FCC 2  Forintek Fire Centre
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FORINTEK
CANADA
CORP.

INTERNAL MEMORANDUM

B U ILD IN G  SYSTEM S PRO G RAM  - FIRE

30-10C-045
DATE: May 4, 1995

TO: Howard Gribble and File

FROM: L.R. Richardson, Building Systems - Fire

RE: Sound and Fire Testing of Floors

Yesterday, I received a telephone call from Ian Whittington of Kent Trusses. He had heard that 
Forintek was involved in the NRC testing program on floors and wanted details about the project 
and the types of floors being evaluated.

He was very interested in the project and in general, he though the directions we were taking 
were the correct ones. He did suggest that we re-think our decision to exclude "Space-Joist" 
type trusses (metal webs with wood top and bottom chords) from the project. We had viewed 
these product as being too-proprietary. Although he agreed with our reasoning on this point, 
he also pointed out that the original patent on these types of trusses expires later this year. He 
stated that as soon as the patent expires, a number of companies intend to start manufacturing 
and marketing their own versions of these trusses. At that point, he suggested, this type of truss 
will be as "generic" as trusses with wood webs. He also stated that it was his belief that the fire 
resistance ratings of a conventional wood-truss floor protected by gypsum board and a similar 
floor with metal-web trusses would be similar. In light of this information, and provided there 
is no additional financial requirement involved, I will attempt to expand the project to include 
at least one floor constructed with metal-web trusses. On behalf of Kent Trusses, he offered to 
provide the trusses (both wood-web and metal-web), free of charge, for this project.

I agreed to keep him informed about our progress with the testing.

Ian Whittington
Kent Trusses Ltd.
Box 190
Sunridge, Ontario 
POA 1Z0 
1-800-461-7592
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30-10C-045

M EETIN G  REPO RT 

L .R . R ichardson

There was a meeting involving Rod McPhee and Catherine Lalonde (CWC), Mohamed Sultan 
and Vankatesh Kodur (NRC-NFL) and Les Richardson on June 5, 1995, at NRC’s Building 
M59. Jack Marshall (J.M. Marshall & Associates), the engineer responsible for constructing 
all test specimens for fire tests carried out by NRC, attended part o f the meeting. The purpose 
of the meeting was to reach final agreement on construction details for the shear walls being 
tested for fire and acoustical performance (shear-wall phase of project 3010C045) and to review 
testing methods to be used to assess fire-resistance of fire-stop details at the intersection of floor
ceiling assemblies and party walls (flanking phase of project 3010C045).

S hear walls: The following points were agreed to:

•  The studs to be used in the fire tests will be 12’ long. Those for the acoustical tests will 
be 10’ long. (Oops!) NRC will need 100 of each (Forintek has already delivered).

•  Blocking used to support the horizontal joint along the width of the wall between shear 
panels will be installed "flat" (the panels will be nailed to the LA "-wide edge (as opposed 
to being on their side and the panels nailed to the 3Vz" face).

This is a more severe fire condition since it will result in the formation of "hot-spots" 
within the walls during testing.

•  Engineering design requires 12.7-mm (Vi") thick shear panels to be nailed with 3" (76- 
mm) common nails. 9-mm (3/a") shear panels may be nailed with 2 l/i"  (64-mm) common 
nails. The large-diameter 3" nails will cause some damage to edges of the shear panels 
(veneer shatter along the edge).

•  Screws used for fastening the GWB to the side of the wall with a base layer of plywood 
or OSB may be l 3/s", V/z or l s/a" long (whichever is commercially available in the Ottawa 
area).

Jo ints/F lanking: The following points were agreed to:

•  Neither Forintek nor CWC are confident that the test method being proposed by NRC 
for these tests (UL 2070 Fire Resistance o f  Building Joint Systems) is suitable.

FORINTEK CANADA CORP.
Eastern Laboratory

Building Systems Department - Fire

3010C045 June 5, 1995
Planning Meeting 1 NRC-M59
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•  Neither Forintek nor CWC see the need to test some of the joint details for fire 
performance. We believe some of the joints are code-compliant.

•  Forintek will obtain a copy of:
UL 2079 standard fo r  tests fo r  Fire Resistance o f  Building Joint Systems.

This standard is available from Underwriters’ Laboratories Inc. in Northbrook. IL. The 
most recent edition is dated Nov. 29, 1994 (Cost is $175).

•  McPhee and Sultan will arrange to meet with John Hayson (NRC’s Code Section) to 
determine the code section’s needs in regard to data on the fire performance of fire stops, 
and to clarify which o f the proposed joint details, if any, are code-compliant.

•  Before carrying out any large-scale tests, Sultan will investigate differences in 
performance between semi-rigid mineral-fibre batt and semi-rigid glass-fibre batt fire-stop 
materials using their small-scale furnace.

Materials
Plywood - Weldwood (unsanded)

0 4 ") CSP 
Exterior Sheathing 
CSA-0151-M

OSB - Weyerhaeuser Co.
04") Sturdi-Wood 
2R32/2F16/W 24 
CSA-0325 
APA
32/16 ‘A inch 
PS 2-92 
D95 0117

A telephone survey determined that there are no building-material suppliers in the Ottawa area 
that carry V4" thick OSB labelled as complying with CSA-O437.0. In fact, only one or two 
companies stock V4" OSB of any grade or marking. Almost all of the companies sell 7/16" OSB 
labelled as being Grade 0 -2 .

The NBCC permits OSB wall sheathing conforming to the requirements of CAN3-O437.0, 
Grade 0 -2 , or CSA-O325.0 Panel M ark W24. CWC’s Wood Design Manual provides 
engineering design for shear walls constructed with OSB conforming to CAN3-O437.0. 
C A N /C SA -086.1 provides engineering design for shear walls constructed with OSB conforming 
to CAN3-O437.0.

3010C045 June 5, 1995
Planning Meeting 2  NRC-M59
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SBA recommends use of OSB conforming to CSA-O325.0 for shear walls. It is common 
practice in Canada to construct shear walls with OSB conforming to CSA-O325.0 and the 
engineering design described for OSB conforming to CAN3-O437.0.

Richardson will send five sheets of the OSB being used in these tests to Forintek’s Composites 
Department in Quebec for testing for conformance with CAN3-0437. Similarly, the plywood 
will be tested for conformance to CSA-0151 (Jack Shields has agreed).

3010C045
Planning Meeting 3

June 5, 1995
NRC-M59
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MEETING REPORT

L.R. Richardson

On June 15, 1995, I attended a meeting with Rod McPhee (CWC) and Bent-Erik Carlsen, Standards 
Manager for RockwoolR International A/S to discuss our project on acoustical and fire performance of 
building assemblies. The meeting was held at CW C’s offices.

In addition to being Rockwool’s world-wide standards manager, Carlsen represents Denmark on CEN 
and ISO committees for fire, insulation and building construction. He is chairman of one of the CEN 
subcommittees.

Rockwool International A/S is a family owned company based in Denmark. They manufacturer 90 
percent of all rock-fibre insulation in the world (we call it mineral-fibre insulation in North America). 
Their North American manufacturer/distributer is ROXULR in Milton, Ontario. Roxul is one of the 
partners in the industry-govemment-NRC research program to determine sound-transmission-class and 
fire-resistance ratings for building assemblies. Roxul is the only manufacturer of mineral-fibre 
insulation in Canada. There is one, very-small manufacturer of mineral-fibre insulation in the USA. 
Roxul’s Milton plant supplies most of the American market for mineral-fibre insulation.

Nonloadbeanng steel studs are "boxed-C" shaped channels. However, there are "lips" on the ends of 
the "C’s". These lips make it extremely difficult to fill the centre of the stud with batt-type insulation. 
Consequently, nonloadbeanng wood-stud walls provide better fire endurance than similar steel-stud 
walls.

In light of this (previously unknown to me) fact, Forintek will closely examine NRC’s temperature and 
deflection data from the fire tests on full-scale nonloadbearing steel-stud walls.

Comment: The difficulty with filling the centre o f  steel studs with insulation may explain the
comments about steel-stud walls deflecting 4-6 " inwards during fire  tests which were 
made by ULC’s John Roberts during the recent meeting o f  the ULC Fire Test Committee.

Carlsen: "If the trend in a country is towards light-frame wood buildings, it is to Rockwool’s
advantage. "

Batt-type mineral-fibre insulation contains the same phenol-formaldehyde binders used in glass-fibre 
insulation. However, the amount of those binders is much lower in mineral-fibre insulation.

One of the big problems with mineral-fibre insulation is that it contracts during fire tests.

30-10C-045
FORINTEK CANADA CORP.

Eastern Laboratory
Building Systems Department - Fire

3010C045 June 15, 1995
Rockwool* Meeting CWC

1
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Comment: This contraction o f  mineral-fibre insulation may explain why walls filled  with ROXUL
insulation did not perform as well as the wood industry had expected during N RC ’s fire  
tests on walls.

Rockwool will provide Forintek with information on the thermal-physical-chemical properties of their 
insulation. This is information that Mehaffey and Takeda require for their heat transfer models.

Carisen will send Forintek information on all of the products manufactured by Rockwool. They have 
some products for exterior facades and roofs of buildings that could be used in Forintek’s project 
3010K038 on Exterior Wall Assemblies & Finishes.

LR To Do: Send Carlsen information on the results of Forintek’s research on "degrees of
combustibility".

Carlsen would like to attend future NAWPFRC Fire Modelling workshops. Forintek will contact Marc 
Janssens on his behalf.

During the recent ULC Fire Test Committee meeting, the Canadian Portland Cement Association’s new 
"Manager - Building Science" (A. Cornelissen) disclosed one the biggest problems currently being 
encountered by the concrete industry. In order to remain cost competitive, the concrete industry has 
developed new, high-strength concrete products. This has allowed them to reduce the total amount of 
concrete in a building assembly while maintaining the assembly’s structural performance. However, 
in fire, the new high-strength concrete products "explode" (shatter and disintegrate). At this meeting, 
Carlsen raised the same issue. He went on to add that because there is much less concrete in the 
assembly, there is less thermal protection for the steel-reinforcement encased within the concrete. 
Consequently, the re-bars soften much sooner during fires.

Comment " The fa c t that both Cornelissen and Carlsen raised this issue within three days o f  each 
other may simply be a coincidence. It may also indicate that the concrete industry has 
a "real big problem ". The wood industry has continually been harassed fo r  developing 
light-weight engineered wood systems that many people suspect do not perform  
adequately in fire. No one has ever looked at these new concrete products because 
"everyone knows concrete does not bum ". However, it would appear that there is a 
serious problem with some o f  the new concrete products and that someone from  outside 
o f  the concrete industry had better take a second look at these products.

LR To Do: Place Carlsen on the membership list for ASTM E-5.23.

3010C045 June 15, 1995
Rockwool* Meeting CWC

2
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MEETING REPORT

L.R. Richardson

On June 16, 1995, I met with Patrice Tardif from the Montreal office of APA The Engineered 
Wood Association, and Rod McPhee and Catherine Lalonde of CWC at NRC’s Building M-59 
(NFL). The purpose of the meeting was to discuss the collaborative project on acoustical and 
fire performance of floors and shear walls and to observe fire endurance testing of one shear 
wall.

30-10C-045
FORINTEK CANADA CORP.

Eastern Laboratory
Building Systems Department - Fire

Patrice Tardif
Market Development Specialist
Field Service Division
A P A  The Engineered Wood Association
5972 Waverly
Montreal, Quebec
H2T 2Y3
Phone/FAX 514-270-7573

The construction of the wall that was tested on June 16 was as follows:
2x4 studs, SPF No. 1 and 2, S-DRY, 16" o.c., finished with one layer of 12.7-mmType 
C gypsum board on each face. On the side of the wall nearest the furnace (fire-side), 
one layer of 'A" (12-mm) OSB was attached to the studs using 3" common nails spaced 
6" o.c. on all edges and along every stud in the field.

The wall failed due to structural collapse at 47 minutes into the fire-endurance test.

Patrice has photographs of two adjacent studs, taken immediately after the fire test was 
completed. The photographs clearly show the amount of char formation in the two studs.

LR To Do:
Find out the price differential between glass-fibre and mineral-fibre insulation.

Find out the price differential between Vi" and 5/s" Type X-C gypsum board.

Look at the data from the fire tests on interior walls which were carried out in 1994 to 
see if one side o f NRC’s furnace could be hotter than the other. Specifically, look at the 
temperatures on the unexposed side of the membranes on the fire side of the walls.

3110C045 June 16, 1995
APA - Patrice Tardiff 1  NRC-NFL
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QUESTIONS: What would happen i f  the screws used to fasten the gypsum wallboard to the 
assemblies were spaced 8" o.c. rather than 1 2 ”?

What would happen i f  the joints between adjacent sheets o f  wallboard were 
finished using glass-mesh tape rather than paper tape?

What would happen i f  the shear panels were fastener to the studs using 2 ‘A "  
common nails rather 3" nails?

The OSB shear panels on this wall were:
Weyerhaeuser 
STURDI-WOOD 
2R32/2F16/W 24 
CSA 0325 
APA
32/16 Vi inch 
D95 
0117 
PS 2-95

The actual thickness of the OSB panels was 12 mm.

The gypsum board was:
WESTROC 
Fireboard C 
ULC Issue 2C
>/2 "

The plywood shear panels on some of the other walls being tested were:
Weld wood 
APR / 20 / 95 
R-l
BC-480
COFI-EXTERIOR
CSA-0151M
CSP

3110C045
APA - Patrice Tardiff 2

June 16, 1995 
NRC-NFL
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FORINTEK INTERNAL MEMORANDUM
Kr CANADA 
" ' < y \  CORP.

B U I L D I N G  S Y S T E M S  P R O G R A M  - F I R E

30-10C-045
DATE: July 13, 1995

TO: File

FROM: L.R. Richardson, Building Systems - Fire

RE: Building Material Price Differentials

I asked Miguel to call around the Ottawa area for prices for regular and fire-rated gypsum 
board, and for glass-fibre and mineral-fibre batt-type insulation. I was not looking for the 
lowest prices, only for prices that would allow me to compare differences in housing design. 
He obtained the following price quotes:

For FIRE CODE C gypsum board, 4 ’ x 10’ sheets:
Vi" (12.7-mm) $11.24
%: (15.9-mm) $13.56

For regular gypsum board, V2 " (12.7-mm) 4 ’ x 10’ sheets: $9.48

For FIBERGLAS glass-fibre insulation, 3 V2 " thick for 16" o.c. wood stud wall cavities: 
$29.40 per package of 106.5 ft2 (28 cents per ft)

For ROXUL mineral-fibre insulation, V h"  thick for 16" o.c. wood stud wall cavities: 
$17.77 per package of 65.3 ft2 (28 cents per ft)

For a one-storey "house" with 1600 ft2 of living area divided into a kitchen, living room, dining 
room, three bedrooms, bath and entrance (assume 280 linear feet of walls), the differences in 
cost among the three gypsum board products would be as follows:

V2 " regular GWB $ 910
Vi" Type C 1080
%" Type C 1301

Assuming there is 3 V2 " of insulation in all exterior walls and 7" in the attic, the insulation would 
cost $1525.
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31-11C-101
Meeting Report

AWC Subcommittee on Fire Performance of Wood
and

North American Wood Products Fire Research Consortium

L.R. Richardson

On August 9, 1995, the AWC Subcommittee on Fire Performance of Wood met at AF&PA's 
offices in Washington, D.C. On August 10, members of the North American Wood Products Fire 
Research Consortium (NAWPFRC) met at AF&PA's offices. Forintek was represented at these 
two meetings by Les Richardson and Hisa Takeda. Richardson chaired the NAWPFRC meeting. 
On August 11, AW C’s Technical Committee (TAC) met at AF& PA's offices. Richardson 
attended the meeting.

The Meeting Book for the meeting of the Subcommittee on Fire Performance of Wood and 
NAWPFRC Project Summaries for all generic fire research projects carried out by NAWPFRC 
members are available from Richardson.

Minutes of the Subcommittee on Fire performance of Wood will be prepared by AW C's Marc 
Janssens. Minutes of the NAWPFRC meeting will be written by FPL 's Robert White.

The following is a summary of some of the comments, discussions, ideas and plans that were 
made during the meetings.

Steve Cramer (University of Wisconsin) demonstrated his computer model for predicting the fire 
endurance of wood-truss floor systems protected by gypsum board (SAWTEF). Forintek has a 
"P-copy" o f the model. He is currently putting the model into a WINDOWS shell in order to 
make it more user friendly. It will be available for purchase later this year. With proper input, 
SAWTEF could be used for pitched-chord roof trusses. The biggest weakness in the model is the 
time-temperature conditions to which wood elements in the trusses are exposed. That component 
of Cram er's model is based upon empirical data from a limited number of fire-resistance tests. 
In time, Forintek's heat-transfer model for gypsum board could replace that part of Cramer's 
model.

AWC Subcommittee on Aug 9-10, 1995
Fire Performance of Wood AF&P A
& NAWPFRC 1 Washington D C.
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Marc Janssens demonstrated a design model for heavy-timber construction which he has devised. 
It provides five different methods for determining the fire endurance of heavy-timber beams, 
columns, and decks, in ascending levels of precision. The calculative methods include the one 
in the Supplement to the NBCC developed by T.T. Lie at NRC, and the methods described in 
Eurocode 5, Part 1.2.

LR To Do: Obtain a copy of this model from Marc.

Marc Janssens demonstrated the latest version of Forintek's heat-transfer model for gypsum-board- 
protected wood-frame walls. It was noted that while Forintek's model provides a good description 
of the conditions "seen" by wood elements in non-loadbearing gypsum-protected wood-frame 
walls during fires, it is not user friendly. Three points were made in regard to Forintek's model:

•  The American industry would like southern yellow pine to be included among the species 
groups for which Forintek's heat-transfer model could be used (currently, it is only 
applicable to SPF and Douglas fir).

NOTE: This would be a relatively simple addition to make to the model, if thermo-physical
property data are available for that species of wood. At the same time, in order 
to satisfy all of the Canadian industry's needs, Hisa should include the Hem-Fir 
species group in the model.

•  Forin tek 's model was originally intended to be a sub-model in comprehensive fire- 
resistance models. Forintek's heat-transfer model would drive the main model by 
describing the fire conditions that structural elements in the assembly would be exposed 
to during fires. Other sub-models would determine the structural performance of those 
elements when exposed to the predicted fire conditions. The user interface would be part 
of the main model.

•  Forintek's model could be used to determine the fire resistance o f non-loadbearing wood- 
frame walls. Since the primary market-development organization for the Canadian 
industry is CWC, Forintek will work through them in getting this heat-transfer model out 
into the design community as a tool for designing non-loadbearing fire-resistive wood- 
frame walls.

NOTE: It takes time and money to put computer models into "friendly" user shells. The
more user-friendly the model is made, the more expensive the problem becomes. 
This subject was discussed again during the NAWPFRC meeting. All of the 
NAW PFRC members agreed that it made more sense, and the best use of the 
(human) resources of the two organizations, for CWC to take on the task of putting 
the model into a user shell and getting it out into the design community. At the

AWC Subcommittee on
Fire Performance of Wood
& NAWPFRC 2
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same time, Forintek could channel its resources into making further refinements 
to the model, including the effect of insulation in the walls and opening o f the stud 
cavities due to shrinkage and deformation of the gypsum board.

NOTE: Development of Forintek's heat transfer model was funded, in small part, by
AWC. NAWPFRC provided technical guidance for its development. In order to 
show the close collaboration among various NAWPFRC member organizations in 
the development of this model, Janssens was invited to demonstrate the model 
rather than simply having Takeda do it. Hisa was present to answer questions and 
provide additional details about the model.

LR To Do: Send Robert White a copy of Forintek's model.

Eurocode 5, Part 1.2 on fire design of timber structures allows a 40% reduction in the structural 
loads which are applied to assemblies during fire-resistance tests of loadbearing constructions, 
when the dead load equals 25 % of the live load (the dead-to-live load ratio for most wood-frame 
buildings). North American standards require the assemblies to be loaded to 100% of their 
maximum design load during fire tests. In 1991, Ellington and Corotis recommended, in a paper 
published in the AISC Engineering Journal, that for fire design and fire testing of steel structures, 
the full dead load and only one-half of the live load be used. They used probablistic load
modelling techniques to demonstrate that a structure is likely loaded to only a fraction of its 
maximum design load when a fire occurs. Any significant reduction in the applied load during 
fire-resistance tests would result in an increase in fire resistance.

□ The Subcommittee recommended that AWC staff pursue similar reductions in applied loads 
for fire tests carried out in the USA.

NOTE: Forintek and CWC will pursue a similar initiative within the ULC Fire Test
Committee. A Task Group of that committee is currently revisiting all of the 
requirements in CAN/ULC-S101.

NOTE: Richardson has a copy of Ellington and Corotis' AISC paper.

DCA #2 describes the design method devised by NRC's T.T. Lie for estimating the fire-resistance 
of heavy timber-members. The load factor, z, in Lie's design equations makes a distinction 
between short columns and other columns. However, the 1991 NDSR no longer makes any 
distinction between short, intermediate and long columns. Therefore, DCA #2 is not consistent 
with the NDSr . In addition, Lie's column design method is based on an average between equations

Aug 9-10,1995
AF&PA
Washington D.C.
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for columns that fail due to crushing and columns which fail due to buckling. Consequently, Lie's 
method overestimates column performance if failure is due to buckling (most columns fail in that 
mode). Janssens presented a paper at the 3rdFire and Materials Conference which demonstrated 
that the same load-factor equation could be used for all columns and that the range for the load- 
factor equation could be extended down to a load ratio of 25 %.

□ The Subcommittee recommended that AWC propose revisions to the model codes for 
adoption of Janssens conclusions and that DCA #2 be revised.

NOTE: A copy of Janssens' paper entitled Fire resistance o f  Exposed Timber Beams and
Columns is in the meeting book.

Currently, there are no North American data about the fire resistance of heavy-timber decking. 
Based upon the results of a limited number of European tests, methods for calculating the thermal 
penetration and residual cross section of timber decking have been included in Eurocode 5, Part 
1.2. However, the reduction coefficients to account for the increased charring which occurs at 
joints in decking (0.2 for butt joints, 0.4 for single T&G joints and 0.6 for double T&G joints) 
are extremely conservative and significantly shorten the predicted bum-through time. AWC asked 
FPL to propose a testing program to develop more factual reduction coefficients.

□ The Subcommittee acknowledged that this is an important issue for AITC, but that these 
systems do not have great market value. Therefore, the Subcommittee encouraged AWC 
to focus their resources on more pressing problems.

Guidelines for rehabilitation of large-section timber members, after fire exposure, were published 
by Williamson in Evaluation, Maintenance and Upgrading o f  Wood Structures (ASCE, 1981). 
Unfortunately, the guidelines do not work for light-frame members. If a member is partially 
charred, the remaining section is usually not sufficient to support the design load and must be 
replaced. However, there is no means of quantifying, in-place, the loss of strength and stiffness 
of other members due to heating to temperatures below the threshold for charring. At Forintek, 
Peter Lau earned out numerous tests to determine the effect of temperature and duration of 
exposure on the strength and stiffness of SPF. His experimental set-up could be used to develop 
a method for in-place evaluation of light-frame members exposed to temperatures below that 
required for charring.

□ The Subcommittee recommended that when he completes his work on the loss o f tension 
strength in light-frame members exposed to heat, Lau should focus his efforts on the 
important question o f the loss of compression strength due to the exposure of light-frame 
members to heat. At the same time, the Subcommittee suggested that, in this time of tight 
money, the limited resources available to AWC for research could be better spent on more 
pressing issues.

Aug 9-10, 1995
AF&PA
Washington D.C.
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NOTE: Currently, AWC is permitted to spend only $50K per year on research and that
must be divided between projects addressing issues related to structural 
performance and issues related to fire performance. In 1994, AWC provided $20K 
(US) to Forintek for a research project on ignitability of claddings.

The Subcommittee had a long discussion about the collaborative industry-government research 
projects being carried out in Canada by NRC to assess the fire and acoustical performance of 
building assemblies. The scope of the program was explained, as were the roles of Forintek and 
CWC in that program and their contributions to the projects. Because the data from those projects 
could be used by model codes in the USA, the primary question considered was whether or not 
AWC should become a partner in the project on floors and how the Canadian research could 
benefit the American industry. It was noted that at present, the project on floors would not 
characterize the fire performance of 2x8 joist floors, and that AW C's participation in the project 
might help get such a floor included in the program.

SI The Subcommittee recommended that AWC become a partner in the floor tests. However, 
they proposed that AWC defer any commitment of money to NRC until after NRC 
completes the floor tests already identified by the consortium and we have assessed the test 
results. AW C's funding, with matching NRC contributions, could then be used for 
additional tests to fill in any gaps in the current testing program. To implement this 
strategy, the Subcommittee recommended that AWC set aside $25K (US) from this year's 
research budget for use in 1996. Further, they instructed AWC staff to prepare a list of 
assemblies needing to be tested, for the Subcommittee's approval at next year's meeting. 
If additional funds are needed for the tests, an additional $25K could be committed in 

1996.

NOTE: I strongly encouraged the Subcommittee not to commit any money to NRC at this
time. Between Forintek and CWC, the Canadian industry has already agreed to 
provide NRC with nearly S200K (Cdn.). In addition, individual wood-industry 
companies, including TJM and NASCOR, are providing money for this project. 
I noted that NRC had reached the Government of Canada ceiling for matching 
contributions to the work. Therefore, any money contributed at this time by AWC 
would not get matching contributions from NRC. I suggested that once the current 
funding for the project begins to run down, NRC would probably welcome 
additional money and would be much more willing to provide matching 
contributions.

AWC Subcommittee on
Fire Performance of Wood
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NOTE: The UL Fire Directory lists 5 floor systems constructed with 2x8 or smaller joists: 
L-208 (3x8) ‘
L-504 (2x6)
L-524 ( l 5/ax7)
L-543 ( l 7/sx8)
S-544 (8" I-joist)

□ The Subcommittee recommended that AWC find out if the Gypsum Association would be 
willing to revise their Gypsum Design Manual to include information developed in the 
NRC project on fire and acoustical performance of interior walls.

□ The Subcommittee recommended that AWC investigate the possibility of including 
Canadian fire-resistance and acoustical data on interior walls in American model codes.

CWC is publishing a brochure to update readers on Canadian code changes. It will highlight the 
code changes resulting from the NRC wall project. In addition, CWC will include all of the fire 
resistance and STC ratings for walls developed through the NRC wall project in the next edition 
of their Wood and Fire Safety Handbook.

Forintek (Richardson) will present a paper at the 21sl International Conference on Fire Safety 
(January, 1996 - San Francisco) which will outline how the results of the NRC wall project could 
affect the component-additive method.

A subcommittee of the Board for Coordination of Model Codes (BCMC), under the chairmanship 
of Rick Thomberry (Janssens is a member), is establishing procedures to determine the degree of 
combustibility of building materials. Except that their test duration is fifteen minutes and their 
irradiance is 75 kW/m2, the method selected by the subcommittee is similar to that reported by 
Forintek and being adopted by Canadian codes (the Forintek/Canadian method requires a 50 
kW/m2heat flux and ten minutes duration). Another subcommittee, chaired by Janssens, has been 
charged with development of a database of heat-release data obtained according to the BCMC test 
protocol. In addition, Janssens' subcommittee is developing of a system for categorizing materials 
according to their degrees of combustibility based upon the database. In addition, Janssens' 
subcommittee is organizing a round-robin testing program which will involve Omega Point, UL, 
SwRI, Ortech and perhaps (if they get a cone calorimeter) ULC, to determine the precision of the 
BCMC test protocol. A third subcommittee, under the chairmanship of Don Belles, is developing 
a strategy for implementing degrees of combustibility in the model codes (Janssens is a member).

Aug 9-10, 1995
AF&PA
Washington D C.
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NOTE: Proposed revisions to the Standard Building Code (SBCI) developed by Belles to
illustrate how a new classification system for combustibility of building materials 
could be implemented, is in the meeting book. Heat-release rate data for building 
materials tested according to the BCMC protocol is in the meeting book. 
Janssens' classification system for degrees of combustibility is also in the meeting 
book.

A status report on the joint Forintek-AWC project with The Western Fire Center Inc. to 
investigate the ICAL ignitability of exterior claddings was presented. It was noted that because 
of the unavailability of the exterior-insulation-finish-system (EIFS) claddings, the project is about 
6 months behind schedule. However, all results should be available by November.

The following is a brief summary of the results of room fire tests (only walls lined - 100/300 kW 
ignition protocol) earned out by FPL (some of the materials were provided by Forintek):

Material Time to flashover
Type X GWB none
FRT fir plywood 14:30
oak veneer faced panel (FCC) 2:53
FRT fir plywood (FCC) 14:55
fir plywood 7:45
expanded polyethylene foam insulation 10:19

Later this year, FPL will test southem-yellow-pine plywood, FRT southem-yellow-pine plywood, 
particleboard, redwood lumber, and OSB. Next year (if they get funding), they will test 
hardboard, %" fir plywood, spruce lumber, a second waferboard product, southem-yellow-pine 
flooring, and fir flooring.

Robert White summarized information that FPL has developed which shows an excellent 
correlation between the peak heat-release rate obtained using the cone calorimeter and a flux of 
50 kW /m2- and results of ASTM E 84 tests on surface flammability of materials.

FSR =  0.00461 X (PHRR)1'819 R2 =  0.84

NOTE: These are extremely important observations that Forintek can make use of in
project 3010A832.

HPVA carried out a series of ASTM E 84 flame-spread tests on 11 different hardwood-plywood- 
stock panels. Their results indicate that ratings for panels with a low-density core material can 
greatly exceed 200.

AWC Subcommittee on
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During a discussion of the non-proprietary research projects being carried out by NAWPFRC, the 
following points were made:

•  Almost all of Forintek's fire research program addresses key fire issues identified by the 
AWC Subcommittee on Fire Performance of Wood. Moreover, Forintek has relied upon 
NAWPFRC to provide the technical guidance and oversight required for its fire research 
program. However, funding for the research has come almost exclusively from Natural 
Resources Canada (Canadian Forestry Service), six Canadian provinces and the Canadian 
wood industry. This has created the impression in the minds of a number of Forintek's 
members and supporters that Canadian governments and Canadian industry are funding 
research addressing uniquely American issues and of primary benefit to Americans and the 
American industry. Consequently, Forintek's membership in NAWPFRC and the AWC 
Subcommittee on Fire Performance of Wood is being revisited and could be curtailed. 
Unless alternative funding sources can be found for a portion (~$50K Cdn) of Forintek's 
fire research program, the focus of that program could be drastically changed. At the very 
least, AW C's access to the results of Forintek's research would be denied.

NOTE: During a dinner meeting with Robert White following the NAWPFRC meeting,
he disclosed that cut-backs in US DA funding for FPL could result in the cessation 
of all fire research at FPL. At the very least, budgetary restrictions would reduce 
the size of FPL's fire research program below that critical size needed for it to be 
effective and viable. Recognizing that the second scenario would only prolong the 
pain, he stated that current FPL plans called for the cessation of fire research at 
FPL. A few days later it was announced that FPL would continue their fire 
research program in fiscal year 1995-96; however, the budget for the program 
would be cut by twenty percent.

•  Marc Janssens' role within AWC is such that he can do "research" for only four days per 
month (one day per week).

•  CWC is currently providing a substantial amount of funding for fire research. Most of this 
money goes to NRC for joint research projects to determine sound-transmission-class and 
fire-resistance ratings for interior walls, shear-walls and floors.

•  The various model codes in the USA have committed themselves to the development of 
a unified code by 1997 or 1998.

•  OSB panels must be conditioned for at least 2 months at 21 °C and 50-65 percent relative 
humidity in order to reach an EMC of 9 to 12 percent.

8
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LR To Do: The next time we have the E-computer, determine the stiffness of about ten to
fifteen. 10' 2x4's. Then drive two rows of 3" common nails, about 2l/i"  deep, side 
by side, at 6" o.c., along one edge and retest the stiffness of the boards.

•  A University of Wisconsin student has written a thesis on nail slip in lumber at elevated 
temperatures (up to 300 or 350 °C).

•  Most trusses in the USA are made with southern yellow pine or Douglas fir. A lesser 
number are made with SPF or hem-fir lumber;

•  85% of all I-joists in the USA use LVL, The remainder are evenly split between southern 
yellow pine and either Douglas fir or hem-fir. 90% of the webs on I-joists are OSB. The 
remainder are plywood.

There was a long discussion concerning how to move NAW PFRC's fire models into the design 
market. A detailed business plan was devised for Cramer's model. That plan can serve as a 
pattern for all of the other models. Elements of that plan are shown below.

1. by 1/1/96, Cramer will finalize the SAWTEF model.
2. by 4/1/96, AWC will a-test the SAWTEF model.
3. by 7/1/96, AWC will send the SAWTEF model back to UW for any revisions identified 

during the a-test.
4. by 10/1/96, AWC will select and send the model out to 12 organizations for p-testing.
5. by 1/1/97 the model will be sent back to UW for any revisions identified during the p- 

tests.
6. by 1/1/97, AWC will draft and submit a NER (National Evaluation Report) on SAWTEF.
7. by 6/1/97, AWC will send SAWTEF out to a select group of potential industry users and 

evaluation services; and, AWC will hold lead-in workshops to insure that recipients of the 
model know how to use it.

8. AWC will secure code recognition for the NER
9. AWC will distribute SAWTEF to a wider audience, and, they will hold lead-in workshops 

to insure that the people know how to use the model.

In the meantime, it was agree that once Cramer had cleaned up his model and sent it to AWC, 
they will begin to distribute it to registered engineers for their use on a case-by case basis.

Forintek agreed to provide CWC with a cleaned-up copy of our heat-transfer model by 1/1/96 so 
that they could put it into a user shell and get it out into the design community.

The following were identified at the November 1994 NAWPFRC meeting as being "key" short
term fire issues. Progress in addressing these issues will be discussed at a special meeting of 
NAWPFRC on November 13 and 14.

Aug 9-10, 1995
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1. Combustibility [Janssens]
2. Ignitability of Claddings [Richardson]
3. CAM (component-additive-method) [McPhee]
4. Sprinklers [McPhee]
5. LES (light engineered systems) [Piscone]

The point-man for each issue will prepare a one-page report for that meeting, showing what we 
have done to date , where we currently stand, and what new factors have emerged. Short-term 
deliverables will be clearly described.

LR To Do: Prepare a business plan for Forintek's heat transfer model, similar to the one drawn
up for SAWTEF.

Prepare an "issue-report" for ignitability of claddings.

Obtain a copy of the DCA describing CAM from Marc.

Except for town houses, the NBC (BOCA code) permits combustible firewalls between units to 
be of combustible construction. The UBC (ICBO code) already permits these walls.

The International Code Council (ICC) is made up of three members: BOCA, ICBO and SBCI. 
Their goal is to create a "family" of international codes for: plumbing, mechanical, fire, building 
and others. There is no industry input into this process. They expect to vote on the final 
documents by 1999 and publish them in 2000. They are looking to Mexico to join.

AWC has revised their building code policy.
For model codes, AWC:

•  supports performance-based provisions, and
•  supports prescriptive alternatives.

For dwelling codes, AWC:
•  supports prescriptive provisions, and
•  supports performance-based alternatives.

Aug 9-10, 1995
AF&PA
Washington D.C.
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Meeting Report
NAWPFRC FIRE MODELLING WORKSHOP

and
AWC Subcommittee on Fire Performance of Wood

L .R . Richardson

The 1995 NAWPFRC Fire Modelling Workshop was held at AF& PA's offices in Washington on 
November 13-14, 1995. On the afternoon of November 14, members of a special task group of 
the AWC Subcommittee on Fire Performance of Wood met at AF& PA's offices. Forintek was 
represented at the Fire Modelling Workshop by L. Richardson and P. Lau. Only Richardson 
attended the subsequent AWC Subcommittee meeting.

Attendance at the Fire Modelling Workshop included:
Vyto Babrauskas - consultant, USA
Paul Clancy - Victoria University of Technology, Australia
Brad Douglas - AF&PA, USA
Ondrej Grexa - SVDU, Slovakia
Jurgen Konig - Tratek, Sweden
Phil Line, - AF&PA, USA
Doug McVey - Willamette Industries, USA
Joe Piscone - Truss-Joist Macmillan, USA
Geoff Thomas - University of Canterbury, New Zealand
Joe Urbas - The Western Fire Center, USA
Brain Weeks - AF&PA, USA

Ken Bryden - University of Wisconsin, USA
Steve Cramer - University of Wisconsin, USA
Bob Glowinski - AF&PA, USA
Marc Janssens - AF&PA, USA
Peter Lau - Forintek, Canada
Rod McPhee - CWC, Canada
Bill Parker - consultant, USA
Les Richardson - Forintek, Canada
Hao Tran - USDA, USA
Jim Shaw - Weyerhaeuser, USA
Robert White - FPL, USA

Ondrej Grexa presented the results from the second series of room/comer tests in the joint 
US/Slovak research program which he carried out at the FPL.

Geoff Thomas discussed the mechanical properties of timber at high temperatures. This work was 
part of his university thesis and confirmed many of the same observations made in a paper by 
Richardson and Onysko that was published in Fire and Material»; (Vol 19, 29-33).

Paul Clancy made two presentations. The first described a boundary element model for wood- 
frame assemblies which he has developed with financial support from NRC-NFL. NRC hopes to 
use his BEM in their fire-risk-assessment model. His second presentation discussed the results 
of tests which he carried out to determine the physical-mechanical properties of gypsum board and 
the structural performance of walls protected by gypsum board when exposed to fire.
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Jurgen Konig discussed the EC Construction Products Directive and the behavior of wood 
constructions in natural (parametric) fires.

Peter Lau discussed the tension strength of lumber at elevated temperatures and the model he is 
developing to describe losses in tensile strength when wood is heated.

Marc Janssens described a computer program which he has developed to perform fire-design 
calculations for heavy-timber beams, columns and decks.

Les Richardson, Rod McPhee and Joe Piscone discussed the collaborative industry-government 
research project being carried out by NR.C to develop sound-transmission-class and fire-resistance 
ratings for floors. Forintek, CWC and TJ-Macmillan are participating in the research project.

Steve Cramer demonstrated his model for determining the fire endurance o f wood-truss 
floor/ceiling assemblies. The model uses empirically-derived (ASTM E l 19) or user-specified 
temperature data and a single-element structural model to predict the performance of metal-plate- 
connected wood trusses in fires. Forintek has a copy of the model (software).

Ken Bryden described a computational model of thermally-thick wood combustion which he has 
developed.

The purpose for the meeting of the special task group of the AWC Subcommittee on Fire 
Performance of Wood was to develop a prioritized list of key fire issues to guide AF&PA-AWC 
in their fire-related research during the next few years.

Attendance at this special AWC meeting
Brad Douglas - AF&PA
Bill Groah - HPVA
Phil Line, - AF&PA
Doug McVey - Willamette Industries
Les Richardson - Forintek
Buddy Showalter - AF&PA
Steve Cramer - University of Wisconsin,

included:
Bob Glowinski - AF&PA
Marc Janssens - AF&PA
Rod McPhee - CWC
Joe Piscone - Truss-Joist Macmillan
Jim Shaw - Weyerhaeuser
Robert White - FPL

Plans were finalized for getting Cram er's model for predicting the fire endurance of wood-truss 
floor/ceiling assemblies out into the market place. He expects to have his model ready for AWC 
« testing by April, 1996.

It was recommended that Marc Janssens' computational model for doing fire-design calculations 
for heavy timber beams, columns and decks also go out into the market place. He will have it 
ready for « testing by January, 1996.

McVey: "Is fire modelling the answer to all of the wood industry's problems and are code
authorities going to accept models?"
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Shaw: "Our competitors prefer the most prescriptive type of building code possible. They don't 
need fire models. WE NEED PERFORMANCE-BASED BUILDING CODES, AND 
THEREFORE, WE NEED FIRE MODELS."

Because Cramer was able to develop his model for wood-truss floor systems using empirically- 
derived temperature data from ASTM E l 19 tests as input, Glowinski questioned the need for 
Forintek to continue development of heat-transfer models.

The Gypsum Association will include all of the assemblies coming out of the collaborative 
industry-government research project to develop sound-transmission-class and fire-resistance 
ratings for walls and floors in the next edition of their design manual.

At the August AWC meeting, L. Richardson will present a revised "Key Fire Issue" statement for 
the issue of fire performance of exterior claddings. It will be based upon the out-come from 
Western Fire Center tests.

AWC has a contract with Omega Point Laboratories for a number of ICAL tests . The tests are 
intended to support development of degrees of combustibility criteria for model American building 
codes.

AWC recommended that the full-design (strength limit) load be applied to floors being tested by 
NRC for the collaborative industry-government research project to develop sound-transmission- 
class and fire-resistance ratings.
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On November 17, 1995, I met with John Haysom and Raman Chauhan from N R C 's Code 
Centre, Rod McPhee and Catherine Lalonde from CWC, Ross Monsour from CHBA and 
Mohamed Sultan from NRC-NFL. The purpose of the meeting was to establish the principles 
to be followed when determining the structural loads to be applied to floors during the fire- 
endurance tests being carried out for project 3010C045. The meeting was held at NRC 
Building M-24.

It was agreed that the loads which would be applied to wood-joist floors would, as closely as 
possible, be the maximum allowable loads, as determined according to CAN/CSA-086.1. 
Furthermore, the serviceability limit of L/360 would take precedent over strength limits 
whenever the maximum allowable load for serviceability is less than the maximum allowable 
strength load.

November 17, 1995 Planning Meeting
NRC-M24 Loads for Fire Tests
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On November 24, NRC carried out the third full-scale fire endurance test on 2x10 wood-joist 
floors for this project. In order for CFS to get a better appreciation for this project and the 
nature and costs involved in fire endurance tests, I arranged for Bob Jones to observe the test. 
Following the test, CWC's Rod McPhee and I met with Mohamed Sultan o f NRC to review 
the results of the first three fire tests and to consider possible design changes for the next floor 
to be tested.

TEST 1 40 lb/ft2 load - 36 minutes fire endurance (passage of fire)
•  nominal 2x10 wood joists, 400-mm o.c.
•  T&G OSB subflooring with no finish floor
•  one row nominal 1x3 cross bridging across the centre
•  no absorptive material in the joist cavities
•  %" Type X-C GWB attached directly to the joists with the long edges o f the GWB 

perpendicular to the direction o f the joists (unbacked joints)
•  fastener spacing was the minimum allowed by code

TEST 2 80.5 lb/ft2 load (maximum allowable serviceability load) - 33 minutes fire
endurance(passage o f fire)

•  nominal 2x10 wood joists, 400-mm o.c.
•  %" T&G OSB subflooring with no finish floor
•  one row nominal 1x3 cross bridging across the centre
•  no absorptive material in the joist cavities
•  %" Type X-C GWB attached directly to the joists with the long edges o f the GWB 

perpendicular to the direction of the joists. The end joints o f the GWB were centered 
on and fastened to the RC's. Unbacked joints on the long edges o f  the GWB.

•  fastener spacing was the minimum allowed by code

TEST 3 80.5 lb/ft2 load (maximum allowable serviceability load) - 36 minutes fire
endurance (passage o f fire)

•  nominal 2x10 wood joists, 400-mm o.c.
•  %M T&G OSB subflooring with no finish floor
•  one row nominal 1x3 cross bridging across the centre
•  no absorptive material in the joist cavities
•  resilient channels , 400-mm o .c ., attached perpendicular to the direction o f the joists
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•  %" Type X-C GWB attached to the RC's with the unbacked long edge o f the GWB 
parallel to the direction o f the joists (perpendicular to the RC's). The joints between 
the long sides o f adjacent sheets o f GWB were centered on the cavities between the 
joists. The end joints o f the GWB were centered on and fastened to the RC's.

•  fastener spacing was the minimum allowed by code

It was agreed that we would review ULC listed designs and after consulting with CGMA's 
Brad Wing, meet on either November 28 or 30 to finalize the design for the next floor. In any 
case, it was agreed that fastener spacing would have to be reduced to not more than 150-mm 
o.c..

If it becomes necessary to further enhance the FR ratings, we will add an extra layer of GWB 
to the ceiling rather than an extra layer o f plywood or OSB to the flooring (GWB is less 
expensive than plywood or OSB).
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On November 28, 1995, I met with Rod McPhee from CWC, Brad Wing from Westroc (and 
CGMA) and Mohamed Sultan from NRC-NFL. The purpose of the meeting was to establish 
the design details for the next floor to be fire tested for project 3010C045. The meeting was 
held at NRC Building M-59.

It was agreed that the next floor would have the following design details:

•  nominal 2x10 wood joists spaced 400-mm (16") o.c.
•  no finish floor
•  1 layer of 5/a " (15.9-mm) T&G CSP plywood subfloor
•  no adsorptive material in the cavities
•  2 layers o f 12.7-mm (V2 ") Type X-C gypsum board ceiling attached to the joists with 

resilient channels
•  RC's spaced 400-mm (16") o.c.
•  base layer o f GWB fastened to the RC's using 32-mm (1 Va ”) screws spaced 300-mm

(12") on all edges and in the field /'C“rA
•  exposed layer o f GWB fastened to the RC's through the base layer usirig 45-mm (1 % ")

screws spaced 300-mm (12") o.c. T 1
•  the joints between adjacent sheets of wallboard on the base layer o f the ceding will be 

centered on the cavities between the joists. The joists between adjacent sheets of 
wallboard on the face layer o f the ceiling will be offset by one joist spacing, plus one- 
half o f the fastener spacing (550-mm or 16+3"). The same offset details will be used 
for the butt-joints on the ends of the sheets of wallboard.

November 28, 1995 
NRC-M20

Planning Meeting 
Loads for Fire Tests
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On February 1, 1996, I met with Rod McPhee (CWC), Trevor Nightingale (NRC-Acoustics) and Mohamed
Sultan and Vankatesh Kodur (NRC-NFL). The purpose of the meeting was to identify the shear walls to be
tested for acoustical performance. The meeting was held at NRC Building M-59.

It was agreed that the following walls would be tested:

1. Nominal 2x4 wood studs, 400-mm o.c. Cavities filled with glass-fibre insulation, lx 12.7-mm Type 
X gypsum board fastened directly to the studs on one side and lx 12.7-mm Type X gypsum board 
fastened to the wall using resilient channels spaced 600-mm o.c. on the other.
NOTE: This is a reference wall.

2. Nominal 2x4 wood studs, 400-mm o.c. Cavities filled with glass-fibre insulation. V2 " OSB shear 
panels fastened directly to the studs on one side and covered with lx 12.7-mm Type X gypsum board, 
and lx 12.7-mm Type X gypsum board fastened to the wall using resilient channels spaced 600-mm 
o.c. on the other. Fastener spacing for shear panel 300-mm in field and 150-mm on all edges.

3. Nominal 2x4 wood studs, 400-mm o.c. Cavities filled with glass-fibre insulation. V2 " CSP shear
panels fastened directly to the studs on one side and covered with lx 12.7-mm Type X gypsum board, 
and lx 12.7-mm Type X gypsum board fastened to the wall using resilient channels spaced 600-mm 
o.c. on the other. Fastener spacing for shear panel 300-mm in field and 150-mm on all edges.

4. Nominal 2x4 wood studs, 400-mm o.c. Cavities filled with glass-fibre insulation. xh "  CSP shear
panels fastened directly to the studs on one side and covered with lx 15.9-mm Type X gypsum board, 
and lx 15.9-mm Type X gypsum board fastened to the wall using resilient channels spaced 600-mm 
o.c. on the other. Fastener spacing for shear panel 300-mm in field and 150-mm on all edges.

5. Nominal 2x4 wood studs, 400-mm o.c. Cavities filled with glass-fibre insulation. %" CSP shear
panels fastened directly to the studs on one side and covered with lx 12.7-mm Type X gypsum board, 
and lx 12.7-mm Type X gypsum board fastened to the wall using resilient channels spaced 600-mm 
o.c. on the other. Fastener spacing for shear panel 300-mm in field and 150-mm on all edges.

6. Nominal 2x4 wood studs, 400-mm o.c. Cavities filled with glass-fibre insulation. xh " CSP shear
panels fastened directly to the studs on one side and covered with lx 12.7-mm Type X gypsum board, 
and lx 12.7-mm Type X gypsum board fastened to the wall using resilient channels spaced 600-mm 
o.c. on the other. Fastener spacing for shear panel 150-mm in field and 75-mm on all edges.
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7. Nominal 2x4 wood studs, 400-mm o.c. Cavities filled with glass-fibre insulation. 14" CSP shear 
panels fastened directly to the studs on one side and covered with lx 12.7-mm Type X gypsum board, 
and lx 12.7-mm Type X gypsum board fastened to the wall using resilient channels spaced 400-mm 
o.c. on the other. Fastener spacing for shear panel 300-mm in field and 150-mm on all edges.

8. Nominal 2x4 wood studs, 400-mm o.c. Cavities filled with glass-fibre insulation, lx 12.7-mm Type 
X gypsum board fastened directly to the studs on one side and 2x 12.7-mm Type X gypsum board 
fastened directly to the studs on the other.
NOTE: This is a reference wall.

9. Nominal 2x4 wood studs, 400-mm o.c. Cavities filled with glass-fibre insulation. 14" CSP shear
panels fastened directly to the studs on one side and covered with lx 12.7-mm Type X gypsum board, 
and 2x 12.7-mm Type X gypsum board fastened directly to the studs on the other. Fastener spacing 
for shear panel 300-mm in field and 150-mm on all edges.

10. Nominal 2x4 wood studs, 400-mm o.c. Cavities filled with glass-fibre insulation. 14" CSP shear
panels fastened directly to the studs on one side and covered with lx 15.9-mm Type X gypsum board, 
and 2x 15.9-mm Type X gypsum board fastened directly to the studs on the other. Fastener spacing 
for shear panel 300-mm in field and 150-mm on all edges.

11. Nominal 2x4 wood studs, 400-mm o.c. Cavities filled with rock-fibre insulation. V2 " CSP shear
panels fastened directly to the studs on one side and covered with lx 12.7-mm Type X gypsum board, 
and 2x 12.7-mm Type X gypsum board fastened directly to the studs on the other. Fastener spacing 
for shear panel 300-mm in field and 150-mm on all edges.

Next week, NRC will determine the fire endurance of a shear wall having the following design:
Nominal 2x4 wood studs, 400-mm o.c. Cavities filled with glass-fibre insulation. 14" CSP shear 
panels fastened directly to the studs on one side and covered with lx 12.7-mm Type X gypsum board, 
and lx 12.7-mm Type X gypsum board fastened to the wall using resilient channels spaced 400-mm 
o.c. on the other. Fastener spacing for shear panel 300-mm in field and 150-mm on all edges.

If the fire endurance of that wall is not greater than 45 minutes, then the walls to be tested for acoustical
performance will be filled with rock-fibre insulation and the spacing of the resilient channels will be reduced
to 400-mm o.c.
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On March 22, 19%, M. Batista and L. Richardson were at NRC's National Fire Laboratory to observe the 
fire endurance testing of a wood-joist floor. Following the test, they met with Karl Houser (Gypsum 
Association), Brad Wing (Westroc-CGMA) and M. Sultan (NRC-NFL) and discuss the results.

NRC has installed a variable-rate flow controller on the gas line to their furnace; the Fiberffax lining has been 
removed from the furnace; and 7" diameter steel pads have been welded to each foot on the loading apparatus.

Floor System:
nominal 2x4 SPF S-DRY No. 1 and 2 joists, 400-mm o.c. 
one layer, s/b" T&G CSP subflooring without finish floor
one layer, s/e" Westroc Type C gypsum board ceiling attached perpendicular to the joists 
one row (I think) of cross-bridging along the centre-line of the floor 

The screws attaching the ceiling to the joists were set back 25-mm from the tapered edges (sides) and 10-mm 
from the butt edges (ends) on each wallboard panel. Screws were spaced 300-mm o.c. along all joists.

Test Observations
7:00-11:30-13:30 minutes

filler compound fell from joints between adjacent sheets of wallboard.
11:30-12:30

filler compound covering fasteners fell from the wallboard.
15:00 joints between adjacent sheets of wallboard opened leaving a space < '4 " wide
17:00 flames coming from the joints between adjacent sheets of wallboard
18:18 tiie amount of flames coming from joints between adjacent sheets of wallboard getting bigger
20:00 the amount of flames coming from joints between adjacent sheets of wallboard quite severe
22:00 wallboard sagging and pulling away from its screws along the butt end of the wallboard
22:30 butt ends of the wallboard pulled completely off the fasteners
23:30 butt ends of wallboard sagging about 4" down (to the next joist)

a large amount of burning taking place in the cavities and heavy flaming coming from the 
sagging ends of the wallboard

24:26 one entire sheet of wallboard fell from the ceiling leaving the joists and bridging completely 
exposed

27:00 almost all of the wallboard fallen off the ceiling 
29:10 loud distinct sound of joists breaking 
29:19 fire burning through the subflooring

Post mortem: Four joists were broken. Most of the joists had been 75% destroyed by fire. At least one 
joist was 90% consumed.
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It was agreed that no further tests would be carried out for this project until Sultan returns from the Interflam 
conference (after Easter). In die meantime, Wing and Houser will attempt to determine why these assemblies 
are failing fifteen to twenty minutes sooner than expected. The modifications to NRC's furnace confirm that 
the problem is not related to furnace design. All of the tests have been on wood-joist floors, and in every case, 
the structural systems have performed as expected. Therefore, the problem must be related to the gypsum 
board. Two possibilities exist: the gypsum board used in these tests is defective, or the fire endurance 
properties of gypsum board have been compromised in order to minimize production costs.
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