
E 3 i2 to l.p d f

FORINTEK CANADA CORP. 
319, rue Franquet 
Sainte-Foy, Québec 
GIP 4R4

SERVICEABILITY DESIGN CRITERIA 
FOR COMMERCIAL AND 
MULTI-FAMILY FLOORS

Report No. 1

(1995/96 Fiscal Year)

by

L. J. Hu
Building Systems Scientist 

Building Systems Department

March 1996

This project was financially supported by the Canadian Forest Service 
under the Contribution Agreement existing between the 

Government of Canada and Forintek Canada Corp.

H.W. Gribble 
Department Manager



Forintek
Canada
Corp.

Report Summary 96-3110A834 
March 1996

Subject: Development of dynamic performance criteria for commercial and multi-family floors

Audience: Designers, engineered wood products manufacturers, code agencies.

PROJECT UPDATE ON THE DEVELOPMENT OF DYNAMIC PERFORMANCE CRITERIA FOR 
WOOD-BASED FLOORS IN COMMERCIAL AND MULTI-FAMILY BUILDINGS

Forintek is conducting a five-year project on the development of serviceability design criteria for 
commercial and multi-family floors to support the Canadian wood industry's marketing strategy aimed at 
commercial and multi-family constructions since 1994. Several major tasks were identified to arrive at the 
criteria, including floor computer model development, laboratory and field testing, consumer survey, 
formation of project Task Group (TG), and formulation of the criteria. So far, the first PC versions of the 
floor models have been completed; several laboratory and field floors have been tested; a pilot consumer 
survey has been conducted. The TG was formed and the first TG meeting was held.

Problem/Opportunity

In commercial and multi-family residential construction, the floors may be built under Part 4 of the 
National Building Code, and if wood is selected, they are as likely to use an engineered-type wood product 
as solid sawn lumber. Vibration problems would occur with long-span engineered-wood floors. But, no 
vibration control criteria suitable for this class of floors are yet mandated in the codes. In North America, 
at this time, traditional deflection criteria are still used in engineered design even if the deficiencies of this 
approach are well known. The application of the traditional deflection criteria unduly penalizes wood- 
based floors and interferes with their penetration of the commercial and multi-family market. Therefore, 
the guidelines for commercial and multi-family floors are needed to provide the level of acceptability 
expected, based on explicitly dynamic performance criteria.

Objective

To develop new serviceability design criteria for wood-based floor systems in commercial and multi-family 
occupancies based on their dynamic characteristics.

Approach

A program plan was prepared. Five tasks were identified in this plan to arrive at useful and verifiable 
criteria, including floor computer model development, laboratory and field testing, consumer survey of real 
life floor performance, formation of project Task Group, and formulation of performance criteria.

Results

Several laboratory and field floors have been tested. The floor tests resulted in the development of a draft 
performance test protocol. The first PC versions of the floor models (PERF and FLODSAP) for predicting 
the static and dynamic performance of engineered-wood floors have been completed. The computed results



agreed reasonably well with the test data for the studies in the field and laboratory floors. A 
pilot consumer survey and field testing have been conducted in multi-family occupancies. The 
pilot field study evaluated the interview questionnaire developed, tested the approach for 
facilitating the interview survey and floor performance testing in the occupancies. The study 
also tested the floor inspection and the floor performance test protocols developed, and trained 
the interview and testing team. The analysis of the results from the pilot field study is 
underway. A Canadian Wood Council/Forintek Task Group (TG) which included various 
industry groups, designers, code representatives, Canadian Construction Materials Centre and 
other researchers was formed. The first TG meeting was held in June, 1995. The TG meeting 
overviewed the progress of the research program, and provided its valuable input at the early 
stage in this work.

Significant progress was made toward the project objective because of the very active support 
of the project industrial liaison, the enthusiastic participation of the TG members, and effective 
communication with the interested research groups.

Implications
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SUMMARY

Forintek is conducting a five-year project on the development of serviceability design criteria for wood-based 
floor systems in commercial and multi-family occupancies based on their dynamic characteristics, to support 
the Canadian wood industry's marketing strategy aimed at commercial and multi-family construction since 
1994. This report provides an update on activities in the second year of the project.

A program plan was prepared in 1994. Five tasks were identified in this plan to arrive at useful and verifiable 
criteria, including floor computer model development, laboratory and field testing, consumer survey of real 
life floor performance, formation of a project Task Group, and formulation of performance criteria.

Several laboratory and field floors have been tested. The floor tests resulted in the development of a draft 
performance test protocol. The first PC versions of the floor models (PERF and FLODSAP) for predicting 
the static and dynamic performance of engineered-wood floors have been completed. The computed results 
agreed reasonably well with the test data for the studies in the field and laboratory floors. A pilot consumer 
survey and field testing have been conducted in multi-family occupancies. The pilot field study evaluated the 
interview questionnaire developed, tested the approach for facilitating the interview survey and floor 
performance testing in the occupancies. The study also tested the floor inspection and the floor performance 
test protocols developed, and trained the interview and testing team. The analysis of the results from the pilot 
field study is underway. A Canadian Wood Council/Forintek Task Group (TG) which included various 
industry groups, designers, code representatives, the Canadian Construction Materials Centre (CCMC) and 
other researchers was formed. The first TG meeting was held in June, 1995. The TG meeting overviewed 
the progress of the research program, and provided its valuable input at the early stage in this work.

Significant progress was made towards the project objectives because of the very active support of the project 
industrial liaison, the enthusiastic participation of the TG members, and effective communication with the 
interested reasarch groups.
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1.0 INTRODUCTION

During the 1970's and 1980's Forintek pursued a research program on the dynamic performance of 
residential floors. This work allowed the Canadian Wood Council (CWC) to introduce new span tables into 
Part 9 of the 1990 National Building Code which indirectly put a limit on vibration amplitude and 
frequency. The 1995 Code allows the builder to benefit from the use of additional floor construction 
techniques. Unfortunately, many of those new floor designs will not be covered by the vibration control 
criterion, and vibration-related problems must be expected.

In commercial and multi-family residential construction, the floors may be designed to design criteria in 
Part 4 of the National Building Code, and, if wood is selected, they are as likely to use an engineered-type 
wood product (LVL, wood I-beams, trusses, etc.) as solid sawn lumber. In North America, at this time, 
traditional deflection criteria are still used in engineered design. The deficiencies of this approach are well 
known, but no dynamic criteria are yet mandated in the codes. Even in Part 9, the existing limited 
vibration control criterion does not explicitly cover floor joists other than solid-sawn lumber. The 
guidelines for commercial (and multi-family) floors to be designed using either solid sawn or engineered 
wood products for use in these occupancies are needed to provide the level of acceptability expected, based 
on explicitly dynamic performance criteria.

The rapid development of engineered wood products has opened up a great opportunity for the wood 
industry to expand its market in commercial and multi-family construction. The wood industry will be 
successful if efficient wood-based systems with satisfactory performance can be provided. Forintek 
initiated this five-year research program to address the vibration performance issue in support of the 
Canadian wood industry's marketing strategy aimed at commercial and multi-family construction.

A program plan was prepared in 1994 (Hu and Onysko). The plan identifies five-major tasks necessary to 
arrive at suitable criteria including development of appropriate rational dynamic models for predicting 
performance, laboratory and field verification of performance characteristics, and confirmation of 
suitability of a dynamic-based response level criterion through consumer surveys in those occupancies.

The work performed in the first year (1994-1995) of this project was covered in a progress report (Hu 
1995) which is summarized below:

a) Background study - literature review on proposed vibration performance criteria,
b) Review of analytical floor models,
c) Formation of project Task Group,
d) Testing of engineered wood floors at Forintek's Quebec laboratory,
e) Plan for full scale laboratory testing.

This report focuses on the work performed in the second year of this project.

2.0 OBJECTIVES FOR THE FIVE-YEAR RESEARCH PROGRAM

To develop new serviceability design criteria for wood-based floor systems in commercial and multi-family 
occupancies. Specifically:
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Develop a computer model for analysis of the dynamic performance of wood-based floor systems, 
based on a suitable existing computer model.
Develop dynamic performance test procedures for evaluation of wood-based floor systems. 
Formulate dynamic performance criteria for wood-based commercial and multi-family floor 
systems.
Develop vibration control design aids for designers of wood-based floors.
Investigate the strength and stiffness of composite systems most likely to be practical in commercial 
and multi-family occupancies.

3.0 APPROACH FOR THE FIVE-YEAR PROGRAM

The approach involves the following main tasks considered necessary to achieve the objectives:

a) Verification and possible further modification of currently available computer models for 
analyzing the dynamic performance of floors. This work is supplemented by laboratory 
and field tests on a variety of floor systems.

b) Laboratory studies for development of the dynamic performance test procedures for 
evaluation of wood-based floor systems. The procedures are assessed by field tests on 
various wood-based floor systems.

c) Field studies in occupancies for which the criteria will apply. This is to supplement data 
bases obtained for steel and concrete buildings since the 1960's, and the residential studies 
conducted by Forintek in the 1970's. This will include the completion of papers 
documenting the work already performed at Forintek.

d) Formation of a steering committee or project task group involving the wood industry, codes 
authorities, builder and design profession, and research groups. A joint 
CWC/Forintek/Industry meeting with the engineering community is planned to develop a 
consensus on various design issues.

e) Formulation of the performance criteria, and preparation of submissions to the CSA 086 
committee and the National Building Code of Canada.

f) Development of construction techniques for composite floor decking systems involving 
wood and concrete with the study of parameters involving both the design of the concrete 
and its interaction with the wood sub-base.

A definition of this program plan has been performed, and recommendations made as to specific details 
about these tasks as well as the technical alliances required (Hu and Onysko 1994).
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4.0 WORK PLAN - SECOND YEAR (1995-1996)

1. Continue and complete evaluations of the available floor models, and modify a floor dynamic 
analysis model (FLODSAP) developed by Hu (1992) so that it may perform forced vibration 
analyses on PC computer.

2. Continue and complete laboratory testing of full-scale wood floors, and validate the available floor 
models.

3. Conduct a pilot field study, and make recommendations for subsequent main field surveys.

4. Continue participation in codes and standards activities related to floor performance and 
performance test methods to ensure the transfer of research findings into standards development.

5. Prepare and present one or more papers at conferences to promote the output of this project to the 
engineering community.

6. Continue participation in meetings of the project Task Group on Floor Vibration Research and 
coordinate this project with those by others in industry and the research community.

5.0 WORK PERFORMED - SECOND YEAR (1995-1996)

5.1 Floor Testing

Several floor tests were conducted to develop a field performance test protocol and to verify the floor 
models.

Field testing was conducted on three floors at Forintek's Quebec laboratory during the construction of the 
building, and this provided a valuable opportunity to deal with a truly field-constructed system. The floors 
employed wood-I joists, involved longer spans than had been tested previously, and, at one stage, involved 
the addition of concrete topping. The detailed description of the field testing and the three floors was 
presented in a paper (Hu and Onysko 1995) which is attached as Appendix I. The results were used to 
validate floor models PERF and FLODSAP, as shown in section 5.2. This testing also assessed the ability 
of a draft performance test protocol to deal with such a non-residential floor system. It has been found that 
successful modal testing relies on several critical issues, such as the selection of an appropriate excitation 
force, the test equipment-Analyzer setup, the mounting techniques for sensors-accelerometers, the selection 
of measurement and excitation locations. Among them, the selection of an appropriate excitation force is 
the most critical. It has also been recognized that the most difficult task in field testing is to obtain 
necessary and good data within limited time in a restricted space. So the field performance test protocol 
must also deal with these restrictions.

To study those critical issues and to develop an efficient field performance test procedure, a series of 
studies were conducted on a floor specimen. The topics studied are summarized below.

page 3 of 8



a) Influence of various impulse excitation devices on vibration signals. This study led to 
quantification of minimum requirements for impulse excitation to induce the vibration of various 
classes of floors with a good signal-to-noise ratio.

b) Comparison of impulse excitation testing with shaker random excitation testing.

c) Influence of accelerometer mounting techniques on resulting signals. The study led to the 
development of accelerometer mounting techniques for various floor coverings.

d) Influence of measurement setup for such parameters as resolutions in time and frequency domains, 
force and response windows, etc. on resulting signals. The study led to the optimization of the 
measurement setup with respect to the impulse excitation testing parameters.

e) Influence of selection of excitation and measurement locations on resulting signals. The study led 
to the optimization of the setup with respect to the locations of excitation and measurement.

f) Influence of the presence of a person on floors on their frequency responses.

The floor testing resulted in the fabrication of a portable static deflection test system suitable for field 
testing. A draft field test protocol was formalized, based on the above studies and a related ISO standard 
(1994). The protocol and the static deflection test system have been used and tested in a pilot field study 
(see Section 5.3). The modified version of the protocol will be presented to the second project Task Group 
meeting planned for June, 1996, for review.

5.2 Development of Floor Static and Dynamic Computer Models (PERF and FLODSAP)

Rational floor computer models are essential tools for the field study, and necessary engines to develop the 
tools for vibration-controlled design of wood-based floor systems.

There are several floor static computer models such as Forintek’s PERF (Onysko 1981), DFAP from the 
University of British Columbia (UBC) (Foschi 1982), and FEAFLO developed at the Colorado State 
University in 1977 (Thompson, Vanderbilt and Goodman). The PERF program was selected for this 
project because it is superior in dealing with the structural complexity of wood floor systems such as 
various types of bridgings. The original version of the PERF program was running on a VAX system 
which was replaced with a UNIX system after the Forintek Eastern Laboratory moved to Quebec. 
Significant efforts were spent on converting the VAX version of PERF to PC, and modifying it to cover 
engineered wood floor systems. To validate the new PC version of PERF, a comparison between computed 
deflections and test data for several case studies was made. As an example, figures 1-3 show reasonable 
agreement attained between computed and measured deflections of the three office floors at the new 
Forintek's Quebec laboratory. A detailed description of the three floors and the tests can be found in the 
attached paper by Hu and Onysko (1995).

Several models are also available to analyze the dynamic performance of floors: UBC’s NAFAP 
(Filiatrault et al 1990) and DYFAP (Folz and Foschi 1991), FLOVAP from the University of New 
Brunswick (UNB)(Chui 1987), and FLODSAP (Floor Dynamic Sub-structural Analysis Program) 
developed by Hu (1992). The FLODSAP was selected for this project because an evaluation showed that it 
was the best in dealing with engineered wood floor systems (Hu 1992). The original version of FLODSAP
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was running on UNB's main frame computer and invoked several subroutines for computing eigenvalues, 
solving linear equations, and plotting time history responses from the Math library existing on UNB's main 
frame. To convert the original version of FLODSAP from the UNB main frame to a PC computer, those 
necessary subroutines were developed. Again, the field test data for the three floors at Forintek's Quebec 
laboratory were used to further verify the ability of the PC version of FLODSAP to deal with the 
engineered wood floors. As shown in Table 1, the agreement between computed and measured 
fundamental natural frequencies of the three office floors is reasonably good.

5.3 Pilot Field Study

The objectives of the study are: 1) to test an approach for obtaining cooperation from building owners and 
occupant to participate in the interview survey and to permit us to conduct floor performance testing in 
their units, 2) to evaluate the interview questionnaire, 3) to test the floor inspection protocol, 4) to test the 
floor performance test protocol, 5) to train the interview and testing team, and 6) to establish the basis of 
the data base that will eventually be developed. The pilot field study will lead to recommendations for the 
subsequent main field study. A pilot field study has just been conducted in Fredericton, New Brunswick.

The interview questionnaire used in this pilot study was a modified version of the questionnaire developed 
by Onysko and Bellosillo (1978) which is included as Appendix V.

The pilot field study focused on multi-family dwellings built under Part 9 such as up-and-down and side-by 
side-duplexes, etc. and Part 4 construction such as a 69-unit apartment building. Most of them are rental 
buildings. The ages of the buildings range from over 30 years to just 1 year.

A total of 40 interviews were conducted, and 25 of the 40 occupants interviewed permitted us to test their 
floors. Eventually, 25 floors were selected for testing in 17 units. Testing was performed in a variety of 
dining-areas, kitchens, living-rooms and a hallway in the 69-unit apartment building.

The questionnaire interview was conducted several weeks before the inspection and testing. The 
interviewers were two local persons. One was a lady who owns several apartment buildings and runs a 
consulting company in rental business. The other was her assistant. He is a building plumbing and heating 
technician. They developed an approach to facilitate the interviewing and testing. They also scheduled all 
the tests with the occupants.

The floor inspection and testing were conducted by Forintek’s team, consisting of the project leader and 
three technicians. Each of them specialized in one of the tasks to speed the work.

Four tests were conducted on each floor. These were: 1) static concentrated load testing of 1 kN to 
determine the floor-centre deflection under a 1 kN point load, 2) hammer impact testing with tester on the 
floor to determine the floor natural frequencies and damping, 3) shaker random excitation testing without 
the tester on the floor, to compare the results with those from the hammer impact testing, 4) real time 
response testing to determine the floor responses at various locations to a definable impulse applied at the 
centre of the floor. The tests and inspection took, on average, about two hours per floor.

The analysis of the results from this study is now under way. A report on this study will first be presented 
to the second project Task Group meeting planned for June, 1996, for review. It will be included in the 
third annual report. At this stage, it can be concluded that the pilot study achieved the six objectives.
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5.4 Formation and Meeting of Project Task Group (TG)

A project Task Group was formed to help oversee the progress of the program and facilitate its future 
implementation. The 11-member TG is composed of representatives from the wood industry (especially the 
engineered wood manufacturers), the codes authorities, the designer and builder communities, and research 
groups currently involved in floor research. The first meeting was held in Ottawa, in June, 1995. The 
terms of reference of the meeting were: 1) to comment on, and monitor progress of the overall floor 
research program conducted by Forintek, 2) to provide advice as to floor systems that are of particular 
interest to the wood products industries, and that may provide additional market opportunities, 3) to 
provide liaison with the manufacturers of engineered wood members, building material manufacturers, the 
design and research communities, and the code regulators, 4) to participate in implementing appropriate 
serviceability design criteria. The program plan was presented to the members by Dr. Lin Hu. Dr. Don 
Onysko, project consultant, made presentations on "Some Background on Factors Affecting Performance of 
Floors and Setting of Performance Criteria" which is included as Appendix IV. The meeting achieved its 
goals as defined in the terms of reference. A detailed report on the meeting was provided through the 
meeting minutes, which are included as Appendix III.

After the meeting, the TG was expanded to include two new members who are Mr. Robert Marshall, from 
the Ontario's New Home Warranty Program (ONHWP) and Mr. André Gagné, from the Association 
Provinciale des Constructeurs d'habitation du Quebec (APCHQ), as was three communicating members 
who are Prof. Foschi at UBC, Dr. Dave Allen, a former senior scientist at the Institute for Research in 
Construction (IRC), and Mr. Bruno Di Lenardo, from the Canadian Construction Materials Centre 
(CCMC). The latest TG list is attached as Appendix II.

5.5 Communications with the Wood Industry, Builders, and Other Researchers

The project has attracted the interest of the wood industry, especially engineered wood manufacturers. Mr. 
Tom Evans, of Trus Joist MacMillan (TJI) made comments on our program plan based on his field 
research experience. It led to exchanges of information on floor testing, modelling, and field studies 
between TJI and Forintek Canada Corp.(FCC). TJI very kindly loaned us their field test equipment, which 
was very helpful during our pilot field study in Fredericton. Mr. Michel Lamontagne, of Jager Industries 
Inc. visited FCC and shared with us his concerns on floor vibration problems occurring in the field, and 
information on floor research by others.

Following an invitation from Mr. Robert Marshall, at ONHWP, a field trip was made to inspect some 
squeaky floors at some units in new condominiums in Pickering, ON. Our recommendations were 
successful in resolving the problems. This led to possible assistance with our main field study being 
offered by Mr. Robert Marshall. The detailed trip report is included as Appendix VI.

We also worked very closely with other researchers involved in floor research.

We visited the Structural and Fire/Acoustic laboratory at IRC, where a floor fire and sound research 
program is being conducted for a government & industry alliance which includes FCC. We were permitted 
to perform a test on one of their floor specimens to compare the hammer impact testing with shaker random 
excitation testing. The test convinced us that we should use the shaker as an additional device in our pilot 
field testing. Our visit also resulted in the offer to see the results of vibration tests of floors which are 
included in the IRC fire and sound project. This is important because the IRC floor test data will enrich

page 6 of 8



our data base for the verification of our floor models. In addition, their data will help us to address the 
needs for an integrated approach to meet the vibration, fire and sound requirements of wood-based floor 
systems, as expressed by Mr. Eric Jones, from CWC.

Dr. Chui, at UNB has shared his experience on random excitation testing with a shaker, and loaned his 
shaker to us. The shaker was very useful during our pilot field testing.

Dr. Lin Hu presented the projet to the academics at Laval university. We have been monitoring the floor 
research program conducted at the Virginia Polytechnic Institute and State University under Drs. James D. 
Dolan and Thomas M. Murray. Six student theses on floor vibration have been studied. We have also 
monitored the progress in the modification of the FEAFLO model at the Colorado State University under 
Prof. Eric G. Thompson. Two student theses on the FEAFLO modification have been studied. We have 
communicated with Dr. Foschi on the UBC floor models. Dr. Lin Hu who was acting as an external 
advisor to a PhD student at Carleton University under Dr. J.J.Salinas, has provided assistance with the 
thesis work on floor modelling.

5.6 Codes and Standards Activities

To ensure the transfer of the research findings into standards development and to facilitate the 
implementation of appropriate serviceability design criteria developed from this project, a project update 
was presented by Mr. Eric Jones, project liaison, to the main committee CSA 086 at the fall meeting. Drs. 
Lin Hu and Don Onysko, project consultant, participated in meetings of ASTM D07 on Wood. Dr. Don 
Onysko also chaired the Floor Assemblies meetings. At the meetings, the following issues were discussed: 
1) the need for a guide or a standard to ensure the best possible quantitative results from floor performance 
testing, 2) the factors that need to be addressed in development of the guide or standard. It was concluded 
that a guide rather than a standard was needed.

5.7 Conference and Presentations

To promote the output of this project to the engineering communities and the wood industry, a paper on the 
dynamic performance of wood-concrete floors was presented at the 1995 Canadian Society of Civil 
Engineering Annual Conference in Ottawa, and a presentation on "Vibration performance of engineered 
wood floors in a non-residential application: Testing of Forintek's Québec laboratory floors" was made at 
the fall meeting of the Eastern Canadian Section of the Forest Products Society.
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Table 1

Comparison between Computed and Measured Fundamental Natural Frequencies 
of Floors "A", "B", and "C" at Forintek's Québec Laboratory

Before concrete topping was 
installed. Load Slip 

Modulus = 6250 
lb./in./fastener

After 1.5 inch concrete topping was 
installed

No mass on 
floor

A mass of 
199.0 lb. at 
centre of 

joist*

Load Slip 
Modulus = 6250 

lb./in./fastener

Load Slip 
Modulus = 

10,000
lb./in./fastener

Floor
"A"

Measured (Hz) 21.15 16.25 11.71

Computed (Hz) 21.30 16.27 10.52 10.77

Floor
"B"

Measured (Hz) 23.52 17.88 13.72

Computed (Hz) 24.95 16.96 11.61 11.81

Floor
"C"

Measured (Hz) 22.52 17.88 12.79

Computed (Hz) 23.00 16.09 10.72 10.93

* For floors "A" and "B", the mass was located at the centre of the centre joist, for floor "C 
at the centre of the joist next to the centre joist.
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Quebec Laboratory Floors, No Concrete Topping
Load Slip Modulus = 6250 Ib./in./fastener
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Figure 1. Comparison between the computed and measured deflections under concentrated load 
before concrete topping was installed, for floors "A", "B", and "C".
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Quebec Laboratory Floors with 1.5 in. concrete topping
Load Slip Modulus = 6250 Ib./in./fastener

Figure 2. Comparison between the computed and measured deflections under concentrated load 
after 1.5 in. concrete topping was installed, for floors "A", "B", and "C".
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Quebec Laboratory Floors with 1.5 in. concrete topping
Load Slip Modulus =? 10,000 Ib./in./fastener

Figure 3. Comparison between computed and measured deflections of floors "A", "B", and "C" with a concrete topping installed
assuming a higher load/slip modulus for the subflooring-to-joist connection.
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ABSTRACT

This paper presents some measurements on vibration performance of wood-concrete 
composite floors. The use of wood-concrete composite floors in multifamily occupancies is 
recognized for improving their vibration response and reducing acoustic transmission. The 
contribution of concrete topping to load capacity and to the vibration serviceability is not 
well documented. A series of static and dynamic performance tests were conducted on 
several wood-concrete composite floors at the new laboratory of Forintek Canada Corp. in 
Ste-Foy (Québec) before and after the concrete topping was placed. The static load 
performance was assessed by examining the transverse deflection profiles under the action 
of a 1 kN concentrated load. The dynamic characteristics were assessed by modal testing 
techniques using transient loadings produced by hammer impacts and heel-drop impacts. 
The use o f the concrete topping led to significantly reduced static deflections under 
concentrated loadings and peak responses under the impact loadings even though no special 
care was taken to establish adhesion at the interface between the plywood subfloor and the 
concrete topping. It was concluded that concrete-wood composite floor systems may 
become an acceptable engineered system when much more is learned about their long term 
serviceability.
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INTRODUCTION

Wood-based floors with concrete topping are becoming more frequently used in residential 
and commercial construction because they appear to exhibit better fire and acoustic 
performance than typical wood-based floors. They also have been found to be suitable in 
environmentally hostile areas such as the Persian Gulf region because of their higher 
resistance to the hot and aggressive environment than provided by reinforced concrete floor 
systems (Ahmadi and Saka, 1993). But the structural function of concrete topping to load 
carrying capacity and to serviceability is still not fully understood or recognized.

In current design practice for engineered wood floors, the concrete topping is typically 
treated as a non-structural component adding mass to the floor system which leads to more 
conservative wood joist design. However, an increasing number of unsatisfactory wood- 
based floors being built using traditional serviceability criteria has led designers to look for 
effective solutions to excessive vibrations in these floor systems. Floors for Part 9 buildings 
now include criteria for deflection under concentrated load. While the addition of concrete 
toppings appears to have solved some of the problems with designs conforming to the 
traditional criteria, it is believed that more information on the structural performance of 
wood-concrete floors is required.

To investigate the contribution of concrete toppings to the serviceability of wood-concrete 
floor systems, a series of performance tests were conduced on several wood-concrete floors 
in the new laboratory for Forintek Canada Corp. in Ste-Foy (Québec), both during 
construction and after occupancy of the building. This paper describes only the testing and 
findings for tests before occupancy, and draws attention to some further research needed for 
development of this construction technique.

DESCRIPTION OF TEST FLOORS

The three floors selected for test are located on the second level of the office/laboratory 
wing of the building. The three floors have the same width of 9.347 m but different spans. 
Floors A, B and C have clear spans of 7.564 m, 5.602 m and 5.873 m respectively.

All floors in this wing were constructed with a 6-ply 18.5 mm thick CSP subfloor. The 
wood I-joists were spaced 406 mm on centres. The designers chose a live load of 3.6 kPa 
(75 psf) for these laboratory areas. Floor A was designed using a deflection criterion of 
L/600 under the uniform live load resulting in the selection of type 24" TJI/421 wood I- 
joists having a depth of 610 mm. For the shorter spans in areas B and C, and using a 
deflection criterion of L/575 under the uniform live load, type 16" TJT/421 wood I-joists 
having a depth of 406 mm were selected.

Spiral nails ( 76.2 mm long) at an average spacing of 205 mm were used to attach the 
plywood subfloor to the wood I-joists. Normal weight concrete (specified cylinder strength 
of 25 MPa at 28 days, 16 mm maximum aggregate size) with no special additives was 
poured directly on the plywood subfloor to form a 38 mm thick unreinforced topping. It
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was kept moist by flooding. Testing was conducted approximately 5 days after pouring. 
Joist ends were supported by top-mount joist hangers on bearing walls constructed using 140 
by 38 mm SPF (spruce-pine-fir) studs spaced at 406 mm centres and sheathed with 13 mm 
OSB (oriented strand board) and 13 mm gypsum board on the other. The gypsum board 
was not installed at time of testing.

A summary of the mechanical properties of the plywood and joists is provided in Table 1. 
The individual bending properties of the wood I-joists were evaluated by means of a free- 
free beam vibration test (not reported here) to permit later detailed analysis of these floor 
systems.

TEST METHODS

Static Concentrated loading Tests

A serviceability criterion based on the maximum deflection of a floor under a 1 kN 
concentrated load is currently being used in Part 9 construction using solid sawn lumber 
since its introduction in the 1990 Building Code of Canada (NBCC 1990). This requirement 
was based on field and laboratory studies at the Eastern Forest Products Laboratory of the 
Canadian Forestry Service (now Forintek Canada Corp.) and were reported by Onysko 
(1988). Olhsson (1991) has also recommended a deflection criterion of this type together 
with dynamic vibration considerations for controlling the vibration performance of light
framed floor systems. The transverse deflection profile of a floor resulting from a 
concentrated load test is useful in evaluating the degree of lateral load distribution. It also 
provides information for estimating the effective mass of the floor for calculating its 
response when its dynamic response is dominated by its fundamental mode of vibration.

A stiff moveable platform bridge was built to span over the floor being tested so that the 
deflection or vibration of the floor would be isolated from it. A Digimatic electronic gauge 
(resolution 0.001 mm) with a remote printer was mounted from this reference platform and 
in contact with the floor at a joist location where the deflection was to be measured. After 
zeroing the gauge with no load on the floor and recording the reading on the remote 
printer, a tester having an approximate weight of 1 kN, walked on the floor and stood on 
the centre-line of each joist while the measurement was made at the gauge location. The 
deflection profile of the floor generated from a complete set of measurements, based on 
Maxwell's reciprocal theorem, is equivalent to the profile that would have been obtained for 
a centrally applied load with deflections measured at each joist. Three measurements were 
recorded for each position of load to assure that constant results were obtained. The average 
of three sets of deflection profiles was used to represent the deflection profile of the floor. 
The mass of the person was measured immediately after using a calibrated force platform. 
This mass was used to normalize the deflection profile for concentred load of 1 kN.

Dynamic Testing

The vibration performance of a floor can be characterized by the natural frequencies, the 
viscous damping ratios associated with each frequency, and the corresponding maximum
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responses to a specified dynamic loading. These parameters have been used by Olhsson 
(1991) and CSA (1988) in their recommendations for vibration control of floors. Several 
testing techniques can be used to determine these parameters. In these tests, hammer 
impacts and heel-drop impacts were employed.

Hammer impact testing was selected to determine the natural frequencies and the modal 
viscous damping ratios of the floors. Heel-drop impact testing was also used to assess the 
floor performance because it has been used in the past by other investigators. The use of 
both test methods provides a better understanding of the vibration performance of a floor 
that use of only one or other test alone.

An instrumented hammer (PCB Piezopronics) with a force transducer having a sensitivity 
of 0.23 mv/N was used to generate the dynamic force. The total mass of the hammer was 
5.944 kg. The person performing the testing was supported off the floor by the platform 
bridge so there was no superimposed variable mass on the floor no matter where the impact 
was applied. The softest rubber tip supplied with the hammer was used to improve the 
generation of lower frequency responses.

The heel-drop impact tests were all done by the same tester whose mass was 61.8 kg. This 
person stood on an instrumented force plate, raised his body up on his toes, and then 
released his mass on to his heels against the force plate. The force plate was designed by 
Forintek be very stiff so there was a minimum of structural amplification in the force signal. 
The force plate was instrumented with four individual strain gage bridges interconnected in 
a full Wheatstone bridge configuration which, with amplification, provided a sensitivity of
0.45 mv/N. The mass of the tester and the force plate together was 90.31 kg.

During the initial dynamic testing with no topping installed, the vibration response to 
hammer impacts was measured with a type 4340 B&K accelerometer having a charge 
sensitivity of 19.4 pc/g. The vibration response to heel drop impacts was measured with 
a type 4343 B&K accelerometer having a charge sensitivity of 10.12 pc/g. The 
accelerometer was mounted on a small steel plate tripod having three sewing machine 
needles for supports. The plate was hammered into the plywood subfloor to achieve good 
coupling. For subsequent tests with the concrete topping in place, the response of the floor 
system was measured with a model 202-6 Columbia accelerometer having a voltage 
sensitivity of 71 mv/g. To ensure good coupling with the floor surface, the accelerometer 
was mounted on a heavy metal base plate supported on three adjustable screws which rested 
on the concrete surface. The output signal from the accelerometers passed through a line 
drive preamplifier.

In all cases, two signals were measured - the floor acceleration response signal and the 
impact force signal. Both signals were directed to a B&K Dual Channel Signal Analyzer 
(Model 2034) interfaced to an HP 200 computer. This equipment allowed the initial signal 
analysis to be performed on the analyzer and recorded on magnetic diskettes for post 
processing.
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To obtain information on the vibration modes of interest for each floor, the accelerometer 
was located off the centre line of the floor where it was unlikely that a nodal point existed 
(a point at which no response can be detected). The impacts were performed at various 
locations. Advantage was taken of presumed symmetry to minimize the number of tests 
required. As an example, Fig. 1 shows the grid test plan for Floor A and the locations 
where the accelerometer was positioned and the impacts performed.

RESULTS AND DISCUSSION

The measured performance attributes of the test floors with and without concrete topping 
are reported in Tables 2 and 3. The maximum static deflections under a 1 kN concentrated 
load, the fundamental natural frequencies and the modal viscous damping ratios determined 
from hammer impact testing, and the peak accelerations normalized for a 70 N-s (15 lb-s) 
impulse are presented in these tables. The latter value is one which has been quoted in the 
past by other researchers who have used the heel-drop test and is used here instead of the 
specific impulse created by the tester (approximately 50 N-s).

The maximum static deflections of the three floors were reduced by about 70 to 80 percent, 
the fundamental natural frequencies were lowered by approximately 40 to 50 percent, and 
the maximum peak accelerations from a 70 N-s impulse decreased about 90 percent by the 
addition of the concrete topping on the floors. Adding concrete topping reduced the viscous 
damping. No conclusion can be drawn from the damping measurements at this time 
because the reliability of evaluating damping from transient impact testing has not been 
resolved as yet (Dossing 1988). One can say that the introduction of concrete topping 
bridged over gaps in the sub-flooring and probably reduced the friction slippage.

Fig. 2 - 5  show the influence of concrete topping on the performance of Floor A. 
Qualitatively, similar results were obtained for Floors B and C and are not reported 
individually here.

The static deflection profiles illustrated in Fig. 2 show the much improved transverse load 
distribution ability of the concrete/plywood composite. These deflection profiles also show 
that if the floor were set into vibration dominated by the fundamental mode, almost the 
entire floor mass would be involved in motion when concrete topping is in place. Only 
about one third of the lighter floor would be similarly involved if the floor vibration was 
dominated by its fundamental mode.

The influence of concrete topping on the dynamic performance of this floor is shown in Fig.
3. The dynamic compliance spectrums of Floor A are shown for both cases. Dynamic 
compliance is a measure of the dynamic stiffness. The peak dynamic compliance was 
reduced by a factor of 5 but the frequency shifted to a lower value (from 21.9 Hz to 12.1 
Hz). This supports the conclusions from the static deflection tests. The amplitude of 
vibration response of the floor is much smaller for the stiffer system. This is supported by 
the peak normalized acceleration responses for the heel-drop test for this floor shown in

1-5



Tables 2 and 3 which were reduced by a factor of over 7. The impact time histories for the 
floor subject to a heel-drop are shown in Fig. 4 and 5. They reinforce the observations 
made above.

CONCLUSIONS AND RECOMMENDATIONS

This study has shown that even if there was no special case taken to provide mechanical 
attachment at the interface between the plywood subfloor and the concrete topping (except 
to maintain the concrete surface moist during the initial weeks of cure), the concrete topping 
greatly affected the vibration performance of the floor systems tested. The static deflections 
under concentrated load reflect this improvement. While the peak responses under impact 
loadings were very much decreased, the decrease in natural frequencies points out that the 
acceptability of these types of systems will have to be carefully considered, although the 
performance of most floors of this type have been generally positive to date.

However, optimum design for serviceability, long term durability and load capacity has not 
yet been established for surface bonded systems. The use of conventional deflection criteria 
under uniform loading does not necessarily provide assurance of acceptable vibration 
performance for design. Further research is needed to develop effective wood-concrete 
composite floor systems and associated design recommendations.
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Table 1. Experimental Mechanical Properties of Floor Component

Joist Mechanical Properties Floor A Floor B

Bending Stiffness (MN m2) 7.796 3.033

Shear Stiffness (MN) 5.947 2.994

Subfloor Mechanical Properties

Bending Stiffness Parallel to Face Grain (N m2/mm) 3.727

Bending Stiffness Perpendicular to Face Grain (N m2/mm) 1.363

Shear Stiffness in Plane (kN/mm) 8.070

Table 2. Vibration Performance of Floors Without Concrete Topping

Floor A Floor B Floor C

Max. Deflection under 1 kN Load (mm) 0.68 0.93 1.09

Fundamental Natural Frequencies (Hz) 21.15 23.52 22.52

Viscous Damping Ratio (% of Critical) 5.34 5.40 6.89

Maximum Peak Acceleration (70 N-s Heel- 
Drop Impulse) (g) 1.029 2.149 1.960

Table 3. Vibration Performance of Floors With Concrete Topping
s a g  a — ....-.... .......................... — .....a  -- - - 1 a 1 sags -

Floor A Floor B Floor C

Maximum Deflection under 1 kN Load (mm) 0.19 0.22 0.19

Fundamental Natural Frequencies (Hz) 11.71 13.72 12.79

Viscous Damping Ratio (% of Critical) 4.46 3.62 5.79

Maximum Peak Acceleration ( 70 N-s Heel- 
Drop Impulse) (g) 0.114 0.188 0.150
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Figure 1. Plan of Floor A showing the layout of joists and the impact locations and 
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Figure 2. Deflection profiles of Floor A for a concentrated 1 kN load at Joist 
No. 12.

Figure 3. Dynamic compliance spectrums of Floor A impacted by a hammer at the 
centre of Joist No. 9.
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Minutes
Task Group Meeting 

Forintek Canada Corp Project 31-10A-834 
Serviceability Design Criteria for Commercial and Multi-Family Floors 

National Fire Laboratory (Building M-59) Conference Room 
Institute for Research in Construction 

Montreal Road Campus 
June 9, 1995 

9:00 am

1. Introductions: The Chairman (Eric Jones) opened the meeting with
introductions around the table. Mr. Jones is one of the industry liaison representatives for this research 
project at Forintek. He outlined the goals for the meeting as being education of the task group to the 
issues and to get general agreement with the project goals for the first year. He also hoped that there 
might be some recommendations for industry strategy with respect to marketing issues to help decide 
on opportunities.

2. Welcome: Howard Gribble welcomed the Task Group (on behalf of Forintek Canada
Corp. [FCC]) and thanked them in advance for the contribution that they will make to the value of the 
project. He described the function of the Technical Advisory Committee for Building Systems (TAC) 
and the liaison members between industry and Forintek (Eric Jones and Bill Love). Prior meetings 
between the liaison members and the project team had taken place and they have already provided 
some guidance to the work. He described why Forintek felt a need to set this task group up. It 
provides feedback in both directions on a topic that may influence many in the industry. Funding for 
this project is by the Canadian Forest Service. Projects qualifying for this support must be justified 
each year, and provided that progress is satisfactory and the work is needed, funding can continue.

He expected the project would be quite open and that the Task Group members would act as liaison 
with their companies and the industry associations they belong to. He asked them to respect the source 
of any information they received here and to acknowledge the sources, including Forintek, the 
Canadian Forest Service, and the participation of the Canadian Wood Council. General distribution of 
the findings would have to await final reports but they could expect to receive all interim reports and 
related supporting information.

Forintek has identified related work that will need to be pursued. It is possible that this Task Group 
may be able to identify funding sources which would enable others to pursue these tasks.

3. Terms of reference: The circulated terms of reference were reviewed. There was some
discussion on the substance of what advice could be provided on floor systems of interest. Discussion 
led to the approach that might be used to identify industry practices including the use of concrete 
topping, floating floor systems etc. Potential future opportunities, such as wood/concrete panel 
materials, were also raised. It was clarified that performance criteria would not be tied to specific 
materials, they would be neutral in the sense that any materials could be used if properly accounted for 
in design. No representative from the concrete industry was on the committee yet, but advice from the 
Task Group on this issue was welcomed.
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On the issue of implementation, Ross Monsour and Dr. Chui noted that the Code people were not 
represented. Eric Jones responded that this was discussed and when sufficient progress was achieved 
that early representations would be made to CSA 086. Dr. Chui suggested that there be formal liaison 
with CSA 086 to keep them informed of developments and Eric agreed that this would be put on the 
agenda for the next CSA 086 meeting this fall.

4. Introduction to acceptability and performance criteria: Don Onysko made a
presentation on this topic. (Presentation Attached to Minutes).

During the presentation, several issues were discussed by the Task Group. These included whether the 
criteria would also apply to residential structures other than multifamily construction. It was confirmed 
that the intent was that the criteria would apply to all such structures. The applicability to commercial 
structures (whatever that might be) could also develop if suitable and sufficient buildings in a specific 
category could be assessed. Multiple quality criteria could result.

5. Overview of Program Plan: Lin Hu provided an overview of the multi-year program plan
and described the specific tasks that needed to be done during the current fiscal year (handout 
provided). There was extensive discussion concerning the individual tasks and the schedule. Some 
members felt that the schedule was a very heavy one for the current year and that it was important that 
the work not suffer in an attempt to rush to an artificial deadline. Howard Gribble noted that funding 
was dependent on yearly review and if important and timely work was being achieved there would 
likely be continuing support. Ms. Hu also dealt at length with current thinking on the field survey and 
difficulties in securing co-operation and location of buildings for study. Eric Jones pointed out that part 
of the work in the early stages was intended for development of test protocols for consideration at 
ASTM D07.

6. Issues to be addressed in Experimental Planning: Don Onysko summarized several issues
that will require resolution. These included the impact technique and the properties of the impact device 
used, the involvement of a test operator on the floor during impact testing, the potential for 
co-operation with the Warranty programs in future and existing housing stock, and the possibility of 
accepting invitations to inspect, test and interview in buildings identified by different sources. 
(Presentation Attached to Minutes).

7. Potential linkage to IRC/Industry Joint Research Projects: Alf Wamock summarized work 
underway at IRC on the acoustic transmission and fire resistance of floor assemblies that was just 
beginning. He noted he will be using various impulse test techniques, including a large rubber ball, a 
tire drop test, and a steady state driver. He invited Forintek to try out their impulse technique in Ottawa 
when it was ready. In discussion, Gerry Pemica noted that Dr. Hans Rainer had put a proposal together 
to have IRC do additional testing of their floors in support of the Forintek study. Members present 
supported the idea of taking advantage of the opportunity to expand the data base that will be generated 
at IRC for validation of the Forintek analysis m odel.

8. Roundtable discussion: The planned Roundtable Discussion did not take place.
Instead, related discussion took place throughout the meeting. The following summary points are made 
on issues and comments related to the topics initially defined.
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8.1 Discussion on the relationship between acoustic and vibration performance took place. Gerry 
Pemica and Alf Wamock provided their experiences from various experiments and field studies they 
had done. The committee acknowledged that some aspects of performance requirements for floors 
might be at cross-purposes but that could be determined from vibration tests on floors that will be built 
at IRC. It was assumed that there would be further discussion between Forintek and IRC on these 
points. Funding for IRC to do this was also discussed.

8.2 Discussion on the prevalence of concrete toppings occurred several times. Its use in 
multifamily and commercial applications was acknowledged by Dave Rice, Michel LaMontagne, and 
Gary Schafer. The need to consider work to improve its coupling in composite systems was noted, as 
was the need to consider it in the design methods developed. Panellized fibre cement products might 
also be considered, both in composite systems as well as in decoupled systems. Rod McPhee noted that 
the use of concrete topping in combination with wood floors has considerable impact on the IRC 
projects on flanking sound transmission project, and the floor project on sound transmission and fire 
resistance.

8.3 Market potential was addressed several times in the meeting. The survey of usage of materials 
in floor systems through a survey of various user groups was discussed. Both Ross Monsour and Eric 
Jones addressed how such a survey might be accomplished. IRAP TIA members could be surveyed 
quickly about practices in their areas throughout the country. CHBA and APCHQ members could be 
canvassed with a survey. Manufacturers’ associations, such as TPIC and WUMA, should be 
approached using some of the Task Group members as liaison. This should be done soon for input to 
the project and to the IRC projects being initiated at this time.

8.4 With respect to definition of occupancy types that were of interest for dynamic performance 
criteria, it was generally agreed that single family and attached housing, as well as multifamily 
construction were the most likely candidates for this work now, but that other occupancies might 
emerge later in the study. One possibility was to secure some consensus on this with the survey of 
industry members.

9.0 Timing of Work : The chairman, with assistance from Forintek and the other members
present, sketched out a summary of when various tasks needed to be accomplished prior to the next 
meeting and in relation to other meetings which including the ASTM D07 and CSA 086 meeting this 
fall, and the next TAC meeting in January. The most critical needs are to resolve issues related to how 
the testing would be done, i.e. the test protocols. These include the design of the impactor to be used 
and any adjustments to the energy distribution in the impact relative to the type of floor being tested, 
the issue of the influence of having an operator on the floor for the test and standardization of such an 
effect, and the corresponding sampling and analysis protocols needed to optimize the value of each test. 
This would be followed by the modification of the computer model to be used for analysis. The 
development of inspection protocols in preparation for field work would be done in parallel with this. 
Quite apart from this technical work, for the forthcoming field work, exploration of co-operation with 
Warranty and other sources, including industry sources, would continue. As the nature of the most 
fruitful approached for this become clearer, the detailed questionnaire development would be 
completed, and administration protocols for the questionnaire would be developed.
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10. Next Task Group Meeting: It was agreed that a meeting in November should be
considered depending on the progress achieved. This would be decided later, but with plenty of 
advance warning as the work progressed. Materials distributed to the membership during the course of 
the work would keep members apprised of the findings.

11. Adjournment : The meeting dissolved at 2:00 PM.
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APPENDIX IV

"Some Background on Factors Affecting Performance of Floors and Setting of Performance
Criteria".

Presentation at the First Project Task Group Meeting,
June 9, 1995, Ottawa



SOME BACKGROUND ON FACTORS AFFECTING 
PERFORMANCE OF FLOORS AND 

SETTING OF PERFORMANCE CRITERIA

The fo llo w in g  tex t is  the b a sis  f o r  the presen ta tion  m ade on this to p ic  a t the Task G rou p  M eetin g  h e ld  
July 9, 1 9 9 5 f o r  the F orin tek  stu dy on serv icea b ility  c r iteria  f o r  flo o rs . Subsequent to  that m eeting, 
a d d itio n a l m a ter ia ls  w ere  a d d ed  to  round out the discussion  f o r  com pletness...... D.M . O nysko

1.0 INTRODUCTION

In this part of the meeting, I want to introduce a few concepts related to acceptability and performance 
criteria. This will necessarily be a brief thumbnail sketch. It won't even be fully up to date. But I will 
touch on most bases.

Before I do, I should address why the current project is in process. Currently in Part 9 of the NBCC, a 
static concentrated load performance criterion is used that was derived from the work we did in the 
1970's at the Eastern Forest Products Laboratory. At that time, we made a conscious decision to limit 
our recommendations to a criterion based on maximum deflection under concentrated load using mean 
stiffness properties even though it was obvious that, in the broader picture, as you move across longer 
and heavier floors, perception of vibration (oscillation) can predominate perception of suitability of 
floors.

At the same time, the motion of a floor can be heavily damped by the occupants in low mass floors 
having highly orthotropic properties so that, while motion is sensed, oscillation may not be sensed. What 
instead comes to the fore is the sensing of some motion caused by the movement of a person of the floor, 
particularly when the person's weight is transferred from one foot to another, i.e., related to the person’s 
gait. The gait of people in the residence, whether with or without shoes on, is a very important . 
component of what one senses in a residence. The spectral content of these forcing functions include very 
low frequencies. The floors respond to them directly and that response has more to do with the point load 
stiffness of the floor than with its dynamic properties. As floors become less highly orthotropic and spans 
become longer, and hence require greater structural capacity as a result, greater structural mass is 
involved and floor motion, when it occurs, is more likely to be percieved as transient oscillations.

It may well be that as we pursue a criterion based on dynamic performance whatever the span, mass, or 
orthotropicity, we may still require consideration of maximum deflection limits for these low 
equivalent-mass floors.

Now with that out of the way, what I'd like to touch on at this time are:

♦ Different approaches to setting of dynamic performance criteria.
♦ Discussion of some issues that will need to be addressed in the pursuit of this project

2.0 PAST APPROACHES TO ESTABLISH CRITERIA

Given the extensive efforts at defining performance criteria that has been attempted to this point, one can 
discern several approaches to establishing performance criteria for floors based on their vibration 
performance. Some have assumed that the acceptability (or suitability) of floors is related to the sensing 
of vibration on them. Using perception based data bases derived from work by the military in Germany 
in the 1930's and in the United States and elsewhere since then, some researchers have attempted to 
translate perception isobars into performance criteria for floors specific to a defined impulse excitation. 
Most of the data bases are based on human response to continuous vibration. However, one study in the 
1970's examined human response to transient vibration and it forms a useful addition to the knowledge
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base. In these studies, the perception of vibration was independent of context or occupancy; they 
concentrated on perception of magnitude of effect on a perception scale. One might say that studies 
which depend on these that bases might be termed "perception" based.

Others have taken a pragmatic approach to this subject area. Data for floors tested and/or inspected in the 
field combined with the subjective evaluation of the suitability of floors for their intended occupancy 
form a pool of data for correlation studies. This approach attempts to seek some variable or variables 
involving the vibration performance of a floor that correlates with acceptability for the intended purpose 
whether that be in a residence, or in an office or assembly occupancy. It also assumes that a person bases 
his/her opinion on perception of vibration. However, on a broad range of floor designs, especially light 
framed residential floors, as already noted, one does not necessarily feel or respond to "vibration" or 
"oscillation" — instead one might respond to a disturbance or a jolt, or to vibrations of objects or furniture 
as a result of that disturbance. In reality, many more effects and attitudes are involved in making a 
judgement concerning suitability of floors than just perception of vibration effects. Many transient 
disturbances in occupancies are of short duration and are so influenced by the occupants on the floor that 
one might be forgiven for wondering whether oscillation is involved. What cannot be challenged is that 
the floor responds to dynamic forces having frequency spectra that range from very low levels to much 
higher frequency levels. Studies which depend largely on field studies and on feedback from occupants 
might be termed "acceptability" based.

Further, a necessary condition of an "acceptability based" approach is that the suitability of floor systems 
is determined in the context of the occupancy type, usually in occupied buildings, or of floors in rooms 
with simulated occupancy. This approach involves seeking the opinions of occupants about suitability of 
the floors; the former approach involves seeking the opinions of subjects about perception of magnitude 
of sensations.

Are the two approaches exclusionary ? Not at all. In either case, recommendations that come forward 
for design must lead to satisfactory performance. The value of an acceptability based study is that it is 
better based on the sensibilities of the population and for a broad range of use situations that we cannot 
hope to characterize. The experience of these effects forms the basis for each person’s judgement of 
suitability. A drawback is that the full range of types and masses of floor systems cannot all be 
adequately encompassed in a field survey. As such, this might limit the applicability of the 
recommendations if that were the only information available on which to base those recommendations. 
Consequently, if we are to seek a limit states approach to setting criteria for dynamic performance, all 
information relevant to this topic will be essential. Both past research and the input of new studies will be 
needed.

3.0 A BRIEF REVIEW OF SELECTED LITERATURE

3.1 Human Perception of Continuous Vibration

There is a very large body of data on human response to continuous vibration done largely by the 
military. This has been supplemented by work related to comfort of drivers and passengers for design of 
suspension systems in the automotive industry. No attempt will be made here to summarize those 
studies, only to present one of the outcomes. A plot of a human perception isobar (implying lines of 
perceived similar effect) from ISO 2631-2 [1989] is shown in Figure 1. The form of this base curve is 
for head-to-foot perception, i.e., when standing, and represents a low level below which adverse reaction 
or comment would not likely result When the orientation of the occupant is not known, i.e., standing, 
sitting, or lying down, then an amalgam of base curves for all orientations is recommended by the 
standard. A series of isobars of different magnitudes of this type is shown in Figure 2. The
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recommendations provided include the experience gained from investigations of perception and 
annoyance to floor vibrations in many parts of the world.

The presentation of isobars in Figures 1 and 2 relates the maximum root mean square acceleration with 
frequency. Horizontal segments of the curves imply that perception is related to acceleration. The sloped 
isobars beyond 8 Hz are maximum root mean square velocity isobars. The historical data on which this 
presentation is based possess very considerable scatter but it likely to be about as reliable as one can 
obtain. An advantage in the use of this material is that the figure represents a consensus by internationally 
recognized experts, which may be important to some people. The vibrations on which this is based are 
for continuous vibration. The ISO standard does not purport to claim the isobars to lines of acceptability. 
But, the isobars form the basis for designers to assess acceptable limits in an appendix to the standard. A 
means for accounting for damping of transient vibrations (caused by impulses) is also included as well as 
suggested practices for dealing with repeated impulses throughout the day, and night versus day 
experiences, in residential occupancies. Recommendations include dealing with vibration in highly 
critical workspaces such as hospitals, and much less critical places of work. Situations leading to the 
production of vibrations are not limited to human motion, but include those caused by blasting and 
workshop machine-induced vibrations. The writers of the ISO standard acknowledge that assessing the 
acceptance of vibrations is highly subjective, and recognized that the means for analyzing the vibrations 
was still a matter for investigation. To that end they recommended at least 4 possible metrics for 
evaluation of vibrations, depending on the characteristics of those disturbances.

For the present, that standard is the basis for investigative design in some parts of the world. And it is to 
this standard that people look to for some conformity in measurement and analysis so that, in time, the 
experience and data from many investigations will be able to be used and compared to improve on the 
advisory recommendations in the appendices that are not part of the standard.

A concluding remark is justified. Figure 1 shows that between 1 and 4 Hz vibration, the slope of the base 
curve in different from the form in Figure 2. The slope in this frequency range is a line that is 
proportional to a displacement dependent isobar. This information is downplayed in Figure 2 where the 
writers of the standard attempt to account for all physical orientations of the occupants. However, as 
noted earlier in the Introduction, on light framed wooden floors, the forcing frequency associated with 
footsteps (and heel drops) contains very low frequency components which can be sensed by seated or 
standing occupants on some classes of floors. These cannot be ignored. This ties in with a subsequent 
finding in another study that will be discussed.

3.2 Perception of Transient Vibration

The results of a study done by Wiss and Parmelee [1974] on human response to transient vibration is 
summarized in Figure 3. This figure shows isobars relating the product of peak acceleration and 
frequency (essentially related to peak velocity) versus the damping of a transient vibration. The transients 
were generated in the laboratory with subjects experiencing the single damped transients on a 
programmed shake table. The transients provided took the form of a simple damped motion such as that 
shown in Figure 4.

One might state that the floor response is not normally as simple as that shown. Depending on how the 
impulse is created by a mechanical device or by an occupant, it often involves generation of additional 
frequencies and may involve a significantly higher first peak compared to that for a simple transient with 
exponential decay. None-the-less, this work showed the order-of-magnitude effects of damping on the 
perception of transients using a metric (the product of frequency and peak displacement) that is 
proportional to peak velocity. While there are limitations to the applicability of this work, it is one of the 
few studies which provide information for modification of acceptable isobars to account for damping.
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Figure 3 might also be used as a basis for developing acceptability criteria providing a database of 
acceptable and unacceptable floors were available. Either measured or computed responses for some 
arbitrary impulse function that generated a relatively simple response function could then be used. 
However, Murray [1979] in a review of acceptability data for 91 steel and concrete floor has found that 
there appears to be a stronger dependence of a ccep tab ility  of floors on damping than might be inferred 
from the p e rce p tio n  isobars reported in the Wiss Parmelee study.

3.3 Some Field and Laboratory Studies of Floor Vibrations

During the 1960's, at the University of Kansas, a fairly extensive series of field and laboratory tests on 
floors were undertaken under the direction of Dr. Kenneth Lenzen. The field studies conducted by T.M. 
Murray at that time and his subsequent work form the basis for much of the recommendations that have 
underpinned some of the recommended approaches to design of steel and concrete floor systems (Murray 
1979,1981). In their field tests of floors in office type structures, they made use of a specific impulse 
created by performing a h eel d rop  test. In their work, the heel drop test was measured and defined to be 
an impulse having an energy of 15 lb. sec (the area under the force/time curve) which they felt could be 
repeatedly applied.

That assumed impulse level and test type has been used by others. At Forintek, we have measured 
typical heel drop impacts for 10 different people, and can say that a 15 lb.sec level impulse is difficult to 
achieve repeatedly without injury. The heel drop test applied by a specific person can be applied in a 
reasonably consistent fashion but it must be calibrated, or measured properly to be of use. If this is not 
done, variation in the data can be expected that would be attributable to some unknown variation in the 
impulse function. The best approach is to measure the force function directly during each test in order 
that normallization can be undertaken.

Despite this criticism, what was done contributed significantly to the knowledge base and has been drawn 
upon by many. The field approach to assessing performance is realized to be most important. Criteria 
developed from consideration of continuous vibration isobars alone are potentially limiting.

On the basis of the relatively extensive consistent data base produced by Murray, and supplemented by 
data obtained by Allen and Rainer (and others) at the National Research Council of Canada, NRC 
proposed recommendations for design for relatively heavy longer span floors (Allen and Rainer 1976). 
These recommendations were incorporated in an Appendix to the design for steel structures (CSA S16 ). 
A depiction of these recommendations is provided in Figure 5. Note that the vertical scale is the peak 
acceleration and the horizontal axis is the fundamental frequency. This chart of recommended maximum 
accelerations was linked to use of an assumed 15 lb.sec impulse for computing expected response 
amplitudes.

Since that time Allen, Rainer, Pemica and others at IRC have continued to investigate problem cases.
This additional work has led them to conclude that there are other, more difficult design instances 
involving forced vibration associated with places of assembly, gymnasiums, aerobics areas etc. and the 
1985 NBCC Commentary has included their recommendations regarding excitations caused by dancing, 
aerobics and sports events that include structural amplification. Recommendations for design based on 
their work, related to walking excitation for offices and so on, are included in the design code for steel 
structures.

In a recent collaboration between Allen and Murray [1993], they provided an overview of the most recent 
work and proposed improved criteria. They reported that the CSA criterion had difficulties in predicting 
acceptability of some two-way joist girder systems. They proposed a simpler rational approach to this
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topic and calibrated the proposal to field experiences. They recommended damping coefficients for 
design as well as an approach for estimating the effective mass of steel beam/joist floors composite with 
concrete slabs. Their recommendations are summarized in Figure 6. For a given floor frequency, the 
greater the product of damping ratio and equivalent mass (for a single degree of freedom system 
approximation) the more satisfactory the floor is from the point of view of transient vibration caused by 
walking. For spans exceeding 9 Hz, (which includes most unloaded wood joist floors) a resonance 
criterion was recommended combined with a static deflection criterion of 1 kN/mm.

Chui and Smith [1988], largely on the basis of work they did while at TRADA in Great Britain, proposed 
that the lower limit of the ISO isobars be used together with weighted RMS transient response 
acceleration over a period of 1 second, with a limiting maximum frequency-weighted value of 0.45 (f0/8) 
m/sec2 for floor frequencies at 8 Hz and above. This proposal is linked to an assumed heel drop test of 
25 N.sec ( 5.6 lb.sec ) which was based on impacts created by one of their researchers. They also 
recommended that the design frequencies be greater than 8 Hz to avoid the region of greater human 
sensitivity to vertical vibration. The limit of 8 Hz ensures that only the uprising isobars are invoked on 
the ISO isobars charts. The frequency weighting on acceleration is equivalent to conversion of 
acceleration to an rms velocity limit. They assessed the adequacy of their recommendation by study of 6 
floors, some of which were deemed to be acceptable and some not to be, based on their opinions and 
those of their colleagues. Thus far, their criterion remains relatively untested here, although they 
developed a design method that was used in New Zealand for deriving span tables for residential floors 
there. In due course, this criterion can be evaluated using survey test data developed here.

3.4 One Field Study of Wood Joist Floors

Now I'd like to touch on an acceptability based study that was done at the Eastern Forest Products 
Laboratory the 1970's which has formed the basis for the adoption of a criterion in the 1990 NBCC (Part 
9) which the Canadian Wood Council put forward to accompany span tables for solid sawn lumber floors 
[Onysko and Bellosillo 1975, Onysko 1985]. This study considered both dynamic and static point load 
performance.

In planning the field studies, we recognized that acceptability of floor performance was a composite of 
many factors in the built environment. To set criteria on the basis of some level of perception of transient 
vibration alone seemed a bit difficult to justify at the time. Instead we sought to find acceptable and 
unacceptable floors in the market place and to survey the occupants of these houses. A field survey 
approach provides a basis against which other criteria based on specific characteristics can be evaluated.

The main field study in different parts of the country was preceded by a pilot survey in Hamilton which 
involved 365 interviews and inspection of 185 houses. Field testing in about 25 houses in Hamilton and 
20 houses in Ottawa-Hull preceded the main field study. The final survey took place in 5 cities, with 107 
formal interviews (and 119 informal interviews), from which assessment of 646 floors of all types was 
obtained, The analysis and recommendations were originally completed in 1978. These analyses were 
reworked and the final report was completed in 1985. Physical testing of over 100 floors in the field that 
took place over the duration of all field studies undertaken by the EFPL were reported separately 
[Onysko and Bellosillo, 1987].

We used a five point rating scale involving perceived acceptability , a s  opposed to perception  of 
vibration. This represented a subjective value judgement of the suitability of the floors not a subjective 
quantitative judgement of vibration performance. A serious attempt was made not to alert homeowners to 
the main aim of the study, the fear being that their responses might be become biased. In fact, no 
statistical difference could be detected in the responses by alerting.
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The best correlates with acceptability were found to be parameters related to computed dynamic response 
to an arbitrary specific impulse (15 lb. sec), and equally so, deflection under an specific arbitrary 
concentrated load (100 Kg). As we came to possess greater and greater misgivings about the 
appropriateness of applying a specific impulse to light floor systems (partly because of computational 
uncertainty), and because fewer assumptions were required for computation of performance, we opted to 
recommend a criterion based on static deflection of the floor system under a concentrated load of 100 Kg. 
The original recommendation is summarised in Figure 7 for living area floors (excluding bedrooms). The 
curvilinear relationship shown is not intuitively apparent from the plotted data. It is a consequence of 
examination of the logarithmic transformations of the data and the setting of a linear boundary between 
acceptable and unacceptable floors using discriminant analysis. At the time, the available data on longer 
span steel and concrete floors was also included in some analyses [from Allen and Rainer (1974)] to 
assure that the left tail of the relationship was not directed inappropriately.

The recommended relationship was further modified by anchoring one point on the line with a specific 
span and floor construction that was so commonly in use and which did not generate negative comments 
(confirmed by the field inspections) that it could not be discriminated against. This baseline floor 
consisted of 39 by 185 mm SPF joists at 400 mm spacing with 15.9 mm Canadian softwood plywood 
subflooring nailed at an average effective spacing of (8 inches) 200 mm and having a permissible span of 
3.45 m. This baseline floor also included a 19 by 89 mm bottom strap at midspan. The controlling 
relation became.

where L is the span in meters and y is the central deflection of the floor system in millimeters under the 
action of a 1 kN load at midpan. Floor spans under 3 meters, were held to a maximum deflection of 2 
mm.

This criterion significantly reduced the span for some sizes of joists. But at the same time, knowing what 
is necessary to increase the stiffness of a floor under the action of a concentrated load, it is fairly easy to 
increase the system stiffness sufficiently to meet the criterion without paying a significant penalty. In 
fact, building practices by some builders to achieve satisfactory performance had been significantly more 
conservative than previous "minimum" requirements. The new criterion merely reinforces that notion.

In a recently published paper, Foschi e t  a l [1995] showed that agreement in acceptability could be 
demonstrated between that which might be drawn from the Wiss and Parmelee formulation and that 
predicted above for solid sawn lumber floors. Some deviation appeared for the wood I-joist floor 
example. However, in a private communication R.O. Foschi related that an error had crept in to the 
paper on this point and that, on correction, a similar degree of comparison had been found for the longer 
span I-joist floor example as for the solid sawn floor. Shear deflection had also been accounted for in 
dealing with the wood I-joist floor performance.

4.0 SOME ISSUES TO BE CONSIDERED IN WORK LEADING TO DYNAMIC CRITERIA

Despite the extensive work that forms the basis for the most recent recommendations for design of steel 
and concrete floors (Allen and Murray 1993) some of the recommendations for damping, composite 
action, and effective mass are uniquely appropriate to these constructions and may not necessarily apply 
to lighter floors without confirmation. To that end, a thorough field study involving both dynamic testing 
and interview survey techniques is appropriate. Both the previous data base from the 1970s, and the new 
information would be applied, together with the larger picture to which recent work involving other 
materials has contributed. Some classes of light framed wood construction may be more appropriately
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designed with a view to satisfying dynamic performance. Others may still be governed by consideration 
of static performance alone. Some issues that will have to be considered are discussed briefly below.

4.1 Human Interaction With Floors

The interaction of a human being with a light framed floor greatly alters the performance of these floors. 
The effect on damping can be significantly different, as well as on the magnitude of response. That is 
because the mass of the human can form a significant proportion of the sprung mass of the floor, i.e., the 
portion of the floor that is involved in the motion created by the disturbance. Since the excitation is 
provided by persons on the floor, it would not be inappropriate that the design of floors using a dynamic 
performance criterion and the testing itself account for the presence of at least one person on the floor at 
the location where the forcing function is applied. The complications this creates have to be resolved. If 
factors related to the physiology of the person on the floor become too important to be overlooked, then 
simple standardization for design and test purposes may not be possible. Foschi e t  a l [1995] have shown 
that a human on the floor can be modeled adequately as a single-degree-of-ffeedom model.

Computationally, the interaction between the floor and the person can be adressed for any specified 
lumped properties for that model of the human and the dynamic model he and his collaborators have 
developed. For test purposes, providing the individual person involved in the test has been appropriately 
modeled (mass, spring constant and damping characteristic) it should be possible to extract of properties 
of the floor in a field test, but only if the properties of the human do not change during the test (as they 
do in the process of performing a heel drop test).

4.2 How Do We Evaluate Damping ?

At the present time there is serious disagreement on how the damping is evaluated. If one applies an 
impact of significant magnitude, greater slip between elements occurs and the resulting damping may not 
be simple viscoelastic decay. While it may be so approximated, high values can result (5 percent, 7 
percent even 15 percent have been obtained in Forintek work using impacts not involving a human 
operator on the floor that were far lower than that produced by a heel drop test). This is significantly 
larger than the damping values recommended by Allen and Murray [1993]. In that paper the higher levels 
reported by Murray [1981] were discounted by a factor of 2 with the explanation that modal damping 
values were less than those produced by heel drop tests because there was geometric dissipation of 
energy besides frictional and material damping. If a human heel drop test is applied to light wood floors, 
the interaction between the human and the floor produces a very significant alteration that is dependent 
on many things, including how a person is positioned on the floor. That being the case, it is important 
that this matter be given very serious consideration when testing methods are being assessed and the 
analysis techniques to be used are decided on. The Foschi e t  al [1995] paper has shown that the inherent 
damping of the floor structure pales by comparison with the damping induced by a person actively 
producing a heel drop. What may be more appropriate is to consider to evaluating the test floor with a 
stationary operator in place and with the impulse produced in some other manner (preferrably by some 
mechanical device).

4.3 How Do We Assign Damping ?

There is little point in having a design criterion that is very dependent on knowing exactly what the 
damping of a floor system will be unless we can assign appropriate design values. There is a very 
considerable amount of field test data now available, but the reliability of some of the information may 
be in doubt More will be needed using the best techniques available. Based on the Wiss Parmelee [1974] 
work and the recommendations contained in the ISO 2361-2 standard, it appears that small differences in 
damping do not have a large influence on perceived intensity compared to the variability normally
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associated with subjective evaluation of vibration intensity or acceptability. In setting levels for design 
of systems known to have distinctly different damping characteristics, a parametric examination of 
sensitivity will have to be made. If design is to include the effect of a person of the floor having specific 
mean damping properties, it will be necessary to know how much precision will be required in defining 
damping properties of the floor itself. As the mass and span of floors become greater and the effect of the 
human become less important, the damping properties of the floors themselves come to dominate the 
response. This issue must be seriously adressed.

4.4 What Level of Excitation Should be Applied ?

For linear systems the level of forcing function chosen for testing should not matter. However, the level 
chosen for design will have to be chosen in concert with the selection of an appropriate criterion. The two 
go together. But the level should be chosen rationally, and may have to be chosen in way that is 
consistent with the analysis technique used. For example, to obtain sufficient signal strength for analysis, 
a larger impulse may be required for one floor class than another. However, if they are both intended for 
the same occupancy type, the same design forcing function (or model of the forcing action, as Foschi e t  
a l [1995] have shown) will be used so the appropriate relative performance results. Cushioning by carpets 
and other floor finishing systems on the floor may alter the spectral content of the forcing function 
(forcing action) getting through to the floor.

As far as laboratory or field testing is concerned, it is most essential that the impulse applied must be 
measured for each test. Cushioning is one way to affect the apparent performance of floors. Certainly, the 
acoustic transmission through floors is altered; modification of gait is another by-product of carpet 
placement. It would be prudent to consider having some way of assessing the resilience of cushioning in 
the. field as a means for correcting for these effects. In field work involving testing and subjective 
assessments of floors, the range of properties involving carpeting and other floor coverings become part 
of the built environment that affects what forces the occupants generate against the floor as well as what 
they will percieve in response to the resulting floor response.

4.5 Definition of Occupancy

Each occupancy type should ideally be evaluated separately. However, it is unlikely that extensive 
investigation can be expended to that degree. Turning to the ISO standard for continuous and 
shock-induced vibration in buildings as a guide, all isobars in Figure 2 have the same shape, only the 
intensity level changes. In effect, each could represent a different quality level if applied to a given 
occupancy. When applied to different occupancies irrespective of the forcing function appropriate to 
those occupancies, one can account for those differences by choosing a greater or lessor intensity level 
for design. Thus if a criterion is properly formulated, it should be possible to simply increase or decrease 
a single number to achieve the desired qu ality  level required for different occupancies. The experience 
provided by the work of others should provide sufficient guidance for both extrapolation and 
interpolation of new work with existing data.

5.0 CONCLUSION

The intent of the above commentary is to suggest that the problem of determining dynamic performance 
criteria for all types of floors is not trivial. Insufficient information is available to confidently propose 
such criteria for light-framed wood-based floor systems at this time. This work represents a real challenge 
that has more purpose for attention now than before because of some different aspects of behaviour 
exhibited by engineered wood structures compared with traditional wood based structures. Significant 
increases in effective mass which occur when concrete topping is added to wood floors also alters the
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performance of floors in a way that only dynamic performance criteria can address. This summary 
highlights some of the tasks this work will also have to address.
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ISO 2631-2 (1989).

P re s e n ta t io n  to  T a s k  G ro u p  • J u n e  9, 1 9 9 5
IV -10



PE
A

K
 A

C
C

EL
E

R
A

TI
O

N
 

a0
 . 

%
 G

R
A

VI
TY

: --------------------1------------ 1 1 1 , , , n r n
- -----  luqqaatad c r i t e r ia  for vibration* produced

by valklnq aa given by Heal lapect Teat 7
/

-
uqqeated c r i t e r ia  t 
lien  and M iner

r  continuous vi bratIon.

/
y

y
y

^ ___________

/  ^
*

d a m p *-K) ra tio  12% y
. y

y
s

y
y

y

d a m p a t g  ra tio  3%

y
y

y
y

?
y  -

■ \
\

\
\

\

y
y

d am p in g  ra tio  6%

" c o r  t o lxxis v ib ra tio n  (10- 3 0 c y c le s )  / _____ ^

ISO  -  S p littQ erber c ri te n o n  

for 8  h o u r  v ib ra tio n  in r e s id e n c e

y

y
* /

/ '  -
*

■ i ___ 1__ 1__ 1 1

7 *

I 2 4 « 10 20

FREQUENCY-Hz

Figure 5 Recommended criteria for CSA S16, from Allen and 
Rainer (1976).

Figure 6 Recommended criteria for design of steel/
concrete floors, from Allen and Murray (1993).

P re s e n ta t io n  to T a s k  G ro u p  - J u n e  9, 1 9 9 5

IV -11



Figure 7 Plot of calculated response to 100 Kg concentrated load at midspan 
for living area floors for each of four acceptability classes, from 
Onysko (1985)
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APPENDIX V

Pilot Survey Interview Questionnaire



FLOOR PERFORMANCE STUDY QUESTIONNAIRE, FREDERICTON, NB, 1996

Interview Code. □  □ □

Respondent’s Name _____________________(Optional)
Address ______________________________________

.Postal Code □ □ □ □ □ □

Telephone iZD d l  EZ] IZH d ] CH IZHIZZ] IZZI

Gift distributed Y e s ^  N o d
****************************************************************************** 

In tro d u c tio n :

We a r e  c a r r y in g  o u t a  s u r v e y  on  b e h a lf  o f  F o r in te k  C a n a d a  C o rp , w h ich  is a  n a tio n a l r e se a r c h  
in s titu te  o f  w o o d  p r o d u c ts  a n d  b u ild in g  s y s te m s  s u p p o r te d  b y  th e  f e d e r a l  a n d  p r o v in c ia l  
G o v e rn m e n ts  a n d  th e  w o o d  in du stry .

The s u r v e y  in th is  c i ty  is  p a r t  o f  a  n a tio n a l s u r v e y  o f  h o u s in g  p e r fo rm a n c e . I ts  p u r p o s e  is  to  
p r o v id e  f e e d b a c k  f o r  o u r  b u ild in g  co d e  o ffic ia ls  on  h o w  e ffec tive  so m e  o f  o u r  b u ild in g  s ta n d a r d s  
are. The s u r v e y  o f  y o u r  u n it c o n s is ts  o f  an  in te r v ie w  a b o u t y o u r s e l f  a n d  the r e s id e n c e  f o l l o w e d  b y  
an  in s p e c tio n  o f  th e  unit.

I f  s o m e  o f  th e  q u e s tio n s  in c lu d e d  in th is  q u e s tio n n a ire  a p p e a r  to o  p e r s o n a l  a n d  y o u  w o u ld  ra th er  
n o t a n sw e r , d o  n o t h e s ita te  to  d e c lin e  to  d o  so . I f  a t  a l l  p o s s ib le , w e  w o u ld  a p p r e c ia te  i f  y o u  
c o u ld  a n s w e r  m o s t  o f  th e  q u estio n s .

Give the booklet of “choice” cards to the respondent and say,

T h ese  c a r d s  w i l l  b e  u s e d  f o r  a n s w e r in g  s o m e  o f  th e  q u estio n s . I ’l l  b r in g  the c a r d  n u m b e r  to  y o u r  
a tte n tio n  a n d  y o u  c a n  j u s t  te l l  m e  w h ich  item  b e s t  a n s w e r s  th e q u estio n .

F ir s t  w e  n e e d  to  k n o w  so m e  b a s ic  in fo rm a tio n  a b o u t y o u  a n d  y o u r  fa m ily , th e  k in d  o f  in fo rm a tio n  
the c e n su s  c o lle c ts . T h ese  f a c t s  w i l l  e n a b le  us to  c o m p a re  the f in d in g s  f o r  th is  c i ty  w ith  o th e r  
c it ie s  a c r o s s  C a n a d a .
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Q 1. Is  y o u r  o r  y o u r  s p o u s e ’s  o c c u p a tio n  a t  a l l  r e la te d  to  th e  c o n s tru c tio n  o r  h o u se  b u ild in g  
in d u s tr y  ?

1. Yes 2. No

□
Q2. H o w  m a n y  a d u lts  a n d  c h ild re n  p r e s e n t ly  liv e  w ith  y o u  ?

Adults 

Children 

No

Q3. H a v e  y o u  a lw a y s  l iv e d  in th is  c ity ?

1. yes 2. No

(If respondent refuses to answer any question, code 0. If respondent doesn’t know 
answer, code 0 unless specifically coded otherwise.)

□

□
□
□

Q4. W h a t k in d  o f  h o u s in g  h a ve  y o u  l iv e d  in m o s t  o f  y o u r  life  ?

Q5. W h a t k in d  o f  h o u s in g  d id  y o u  liv e  in j u s t  b e fo re  y o u  m o v e d  h ere  ?

Q6. H o w  m a n y  y e a r s  h a ve  y o u  l iv e d  in th is  h o u se /u n it ?
01 less than a year
02 one year
03 two years
04 three years
05 four years
06 five years
07 six years
08 seven years
09 eight years
10 nine years or over

□

□

□  □
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(For respondent living in rental apartment)

Q7. I f  y o u  d o n  ’t  m ind, w ith in  w h ich  ra n g e  d o e s  y o u r  m o n th ly  re n t f a l l  ?

( Go to Q l l )

(Q 8 - Q 10: For respondent living in house or condominium)

□

□  □  

□

Q8. I f  y o u  d o n ’t  m ind, w h a t d id  y o u r  h o u se  c o s t  w h en  y o u  b o u g h t it  o r  b u ilt  i t  ?

Q9. W hen d id  y o u  b u y  o r  b u i ld  th is  h ou se  ?

Q10. A re  y o u  th e  o r ig in a l  o w n e r  ?

1. yes 2. No

Q l l .  In  g e n e ra l, h o w  d o  y o u  f e e l  a b o u t th is  n e ig h b o u rh o o d ; th is  p a r t  o f  th e  c i ty  w h e re  y o u  liv e  
n o w  ?

Q12. In g e n e ra l, h o w  d o  y o u  f e e l  a b o u t th is  h o u se  /  u n it ?

□

□
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Q13. W hat a re  som e o f  the sp ec ific  th ings y o u  like o r d islike a b o u t the house?

1. like [ ] 2. dislike [ ] ___________________________ _____ EH

1. like [ ] 2. dislike [ ] __________________  CU

1. like [ ] 2. dislike [ ] _______   CU

1. like [ ] 2. dislike [ ] ___ __________________________  EH

1. like [ ] 2. dislike [ ] ___  EH

1. like [ ] 2. dislike [ ] _____________________________  CH

1. like [ ] 2. dislike [ ] __ __________________________  EH

1. like [ ] 2. dislike [ ] _______ ______________________  EH

(Indicate whether or not respondent mentions floors)

1. Respondent does not mention floors. EH
2. Respondent mentions floors.

( Go to Q15) for return

(Q 14: For respondent living in house or condominium)

Q14. W e a r e  in te r e s te d  in th e  p e r fo r m a n c e  o f  v a r io u s  p a r ts  o f  th e h o u se  s tru c tu re . In  g e n e ra l, 
a r e  y o u  s a t is f ie d  o r  d is s a t is f ie d  w ith  the p e r fo r m a n c e  o f  t h e _________ in th is  h o u se?

( If the respondent is dissatisfied, inquire about the reason for it.)
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House Part Complaint 
(if any)

Satisfaction
Code

floors (not including 
basement floors or floor 
covering)

□

walls (interior)
□

windows
□

roof
□

floor covering (title, 
carpet, hardwood, etc.) □

exterior cladding (brick, 
siding, etc.) □

basement
□

insulation and heating 
system □

ceilings
□

plumbing
□

doors
□

1 . A Very satisfied
2. B Satisfied
3. C Neutral or undecided
4. D Dissatisfied
5. E Very dissatisfied
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Q15. N o w  I ’d  lik e  y o u  to  th in k  o f  ea ch  ro o m  a n d  te l l  m e i f  th e re  is a n y th in g  y o u  lik e  o r  d is lik e  
a b o u t  th e  f lo o r s  in th a t  ro o m ?  H o w  a b o u t th is  ro o m ?

If the respondent mentions floor motion or effects related to floor motion, 
ask

D o  y o u  k n o w  i f  th e f lo o r  m o v e s  b e c a u se  o f  so m e th in g  y o u  h ear, o r  
so m e th in g  y o u  f e e l  o r  so m e th in g  y o u  see, o r  so m e  c o m b in a tio n  o f  th ese?

1. Hear 2. Feel 3. See 4. Hear and Feel
5. Hear and See 6. Feel and See 7. Hear, Feel and See

Floor Motion

You m e n tio n e d  th a t y o u  c o u ld  h e a r /fe e l/s e e  th e  e ffec ts  o f  f lo o r  m o tio n  in th e  
( s ta te d  ro o m ). C o u ld  y o u  te ll  m e w h a t y o u  hear. ... w h a t y o u  fe e l .  ... w h a t y o u  
see , w h en  f lo o r  m o tio n  o c c u rs?

Refer to the next page for the HEARING, FEELING and SEEING clues.

D o  y o u  f in d  th e d e g r e e  o f  th ese  m o ve m en ts  o r  e ffec ts  a c c e p ta b le  o r  
n o t?  (Also code the opinion of the person who is conducting the 
interview after the interview)

If the respondent mentions, squeaking, lack of flatness or slope, 
noise transmission, ask

D o  y o u  f in d  th is  to  be  a c c e p ta b le  o r  n o t?

1-DA 2 - A 3-?
4- U 5- DU

(Code the type o f floor covering by using Card 6)

If the respondent mentions a problem related to the quality of 
the floor surface covering, code the complaint (use up to 2 
complaints)

FLOOR COVERING 
COMPLAINT

ACCEPTABLE ?

ACCEPTABLE ?
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Is  th ere  a n y th in g  e ls e  a b o u t  th is  f lo o r  y o u  w o u ld  like  to  c o m m e n t  
o n ?  (If not, go on to next room.,)

(If the room where floor motion was mentioned and ask the following questions for 
the room, otherwise go to next room)

ASK, ANY MORE ?

If the respondent mentioned FEELING, ask

D o  y o u  f e e l  m o tio n  in o n ly  p a r t  o f  th e  ro o m  o r  in m o s t  o f  th e  ro o m ?  
1. Local 2. General

W hen th ese  m o ve m en ts  o r  e ffec ts  o c c u r  d o  y o u  c o n s id e r  th em  la rg e  
o r  s lig h t?

1. Large 2. Slight 3. Undecided

1. Vehicle 2. Any walk 3.Heavy person
5. Child 6. Only you 7. Certain spot
9. Other

4. Parties 
8. Impact
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Hearing Clues Feeling Clues Seeing Clues

1. China cabinet doors rattle

2. Contents in cabinet rattle

3. Articles on tables rattle

4. Drum effect (vibration)

5. Sound o f footsteps

6. Oil-canning o f ducts and
other noise originating from 
ducts

7. Squeaking

8. Thump or slap caused by 
bringing separated layers

together

9. Other

10. Vibration o f floor induced
by washer / dryer

11. Record player staying 
jumping (sound produced
by)

12. Rustling o f moving 
lamp shades

13. Vibration produced in 
adjacent spans

14. Shacking o f TV antenna

1. impulses and / or general 
motion when others walk

2. Give or springiness when 
respondent walks

3. Feeling of insecurity when 
respondent walks

4. Impulse when others or 
respondent impacts floor

5. Vibration caused by rocking 
of heavy object

6. Feeling the slap caused by 
bringing separated layers into 
contact

7. Local give

V-8

1. Movement or sway of 
cabinets

2. Sway o f lamps

3. Sway o f heavy appliances or 
furniture

4. Vibration (rocking) o f other 
smaller objects

5. Changing reflections from 
floor surface

6. Changing reflection from 
objects

7. Vibrations o f water surface 
(in glasses, aquarium, etc.)

8. Motion o f floor observed 
from underneath (in basement or 
lower floor)

9. Other

10. Walls or objects on walls 
vibrating

(up to 3 clues for each mode o f  
sensing may be coded)



1

(The person who is conducting the interview codes the floor covering condition)

FLOOR
COVERING
CONDITION

1. Cracks through tiles caused by concentrated loads or other 
causes

2. Loose tiles or parquet blocks
3. Tiles stain very easily and stains are difficult to remove
4. Tiles curling up at edges
5. Large shrinkage gaps in parquet or hardwood
6. Difference in level between sheets of undeerlayment or 

subflooring causing cracks or separation in surface flooring
7. Compression or swelling o f joints in underlayment
8. Carpet o f poor quality (easily worn)
9. O ther_________________________

REMEDIAL

( If  the floor motion is mentioned), ask: To y o u r  k n o w le d g e  h a v e  a n y  r e p a ir s  b e  d o n e  in an  
a tte m p t  to  f ix  th is  p r o b le m  ?

(If Yes) ask:

U n d er  /  in w h ic h  r o o m  w a s  th a t d o n e  ?

CARD NO. 7 |
Can you describe the repairs ?

D id  th is  cu re  th e  p r o b le m  s a tis fa c to r i ly  ? 

(Code success as, 1. yes 2. Partly 3. Marginally or none at all)
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-10

(Q15) Table for coding unprompt responses to floor performance in each room

Room Use

Room
Code

Floor Movement and Effects
S q u e e k s

S lo p e
S a g

U n e v e n

N o is e
T ra n s .

F lo o r  C o v e r in g

F lo o r
R e m e d ia lC lu e H e a r F ee l S ee

A c c e p ta n c e
L o c a l S iz e W h en

ty p e C o m p la in t

O c c u In te r In sp

1 Living

2 Dining

3 Kitchen

4 Family

5
Den-
TV

6 Big Br.

6 Sml Br.

6 Bed
Rm.

6
Bed
Rm.

6 Bed
Rm.

7 Kit-Din



Q 16. D o y o u  have a  ch ina ca b in e t in th is house?

1. Yes 2. Not anymore 3. No ( If no SKIP to Q20)

□
Q17. D o e s  /  d id  y o u r  ch in a  e v e r  r a tt le  ?

1. Yes 2. No ( I f  no SKIP to Q20)

□

Q 18. D o e s  /  d id  i t  h a p p en  f r e q u e n t ly  o r  n o t ?

1. VF 2. F 3. ? 4. I

Q 19. W h at c a u se s  (W h en  d o e s  /  d id )  i t  r a tt le  ?

□

Q20. D o  y o u  h a v e  a  r e c o r d  p la y e r  in th is  h o u se?

1. Yes 2. Not anymore 3. No

( I f  no SKIP to Q25)

Q21. W hich  ro o m  is  /  w a s  i t  in  ?

Use room code or 99 for basement (If basement SKIP to Q25)

□

□  □

Q22. D o e s  /  d id  y o u r  r e c o r d  p la y e r  e v e r  s k ip  o r  ju m p  ?

1. Yes 2. No or clearly not floor related, e.g., only old records ( If no
SKIP to Q25)

□
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Q23. H o w  f r e q u e n t ly  d id  it  s k ip  ?

1. VF 2. F 3. ? 4. I

Q24. W hat c a u s e s  (W h en  d o e s  /  d id )  i t  to  sk ip

□
Q25. D o  y o u  e v e r  n o tic e  th a t  the d ish es , s ilv e rw a r e , T V  an tenna, o r  o th e r  th in g s  o n  a n y  o f  y o u r  

ta b le s  m o ve , v ib ra te , o r  r a tt le ?

1. Yes 2. No ( I f  no SKIP to Q29)

□
Q26. W hich  r o o m  d o  y o u  n o tic e  th is  h a p p e n s  in ?

Use room code or 99 for basement (If basement SKIP to Q29)

□  □

Q27. H o w  f r e q u e n t ly  d id  th is  h a p p e n  ?

1. VF 2. F 3. ? 4. I 5.

Q28. W h at c a u s e s  (W h en  d o  /  d id )  th em  to  m ove, v ib ra te , o r  ra ttle ?

IF NO COMPLAINTS ON, SKIP TO Q34

□

V-12



(If vibration ever mentioned)

Q29. W hen d i d  y o u  f i r s t  n o tic e  a n y  f lo o r  
m o tio n  ?

□
Q30. W hen d id  y o u  f i r s t  n o tic e  sq u e a k in g  in th e f lo o r  ?

(Card as Q29. If slope, sag or uneveness ever mentioned) D

Q31. W hen d i d  y o u  f i r s t  n o tic e  slope, sag or uneveness in the f lo o r  ?

(Card as Q29. If noise transmission ever mentioned)

Q32. W hen d id  y o u  f i r s t  n o tic e  noise transmission in th e f lo o r  ?

□

(Card as Q29. If problem with floor covering ever mentioned) 1—1

Q33. W hen d id  y o u  f i r s t  n o tic e  problem with floor covering in th e f lo o r  ?

(Card as Q29. If ever mentioned) D

Q34. R e c a ll in g  th e  o v e r a l l  p e r fo r m a n c e  o f f lo o r s  in y o u r  p r e v io u s  re s id e n c e  h o w  w o u ld  y o u  
r a te  y o u r  p r e s e n t  f lo o r s  ?

1. Better 2. About the same 3. Not as good

□
I f  "not a s  g o o d "  ask, w h a t a re  th e  m a in  th in g s  y o u  f in d  th a t  a re  n o t a s  g o o d  a s  in  y o u  
p r e v io u s  r e s id e n c e  ?

□  □  

□  □  

□  □
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( If there is a china cabinet ask)

Q35. M a y  I  s e e  y o u r  c h in a  c a b in e t  p le a s e  ? I 'd  lik e  to  n o te  i ts  s iz e  a n d  sh a p e .

Height Code EH

Width Code □

Depth Code EH

Room Code □  □

( use the card no.11 for width, height, and depth codes)

Q36. F in a lly , w e 'd  lik e  to  in s p e c t  th e h o u se  c o n s tru c tio n  a n d  te s t  th e f lo o r s ;  is  th ere  a
c o n v e n ie n t tim e  th a t  I  c o u ld  co m e  b a c k  w ith  a n o th e r  in sp e c to r  d u r in g  th e d a y  o r  e v e n in g
?

( If yes,) T im e f o r  te s t in g  ________________________

After interview:

Q37. Did respondent object to a return visit for the purpose o f inspecting and testing the house? 

1. Yes 2. No

□
Q38. Was the respondent cooperative or non-cooperative ?

1. Cooperative (talkative or very open)

2. Normal

3. Non-cooperative (very closed) □

Q39. How does respondent walk ?

1. Lightly
2. Normally
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3. Heavily

4. No opportunity to observe

Q40. Estimated weight o f respondent ? 

(U se the card No. 12 for code)

Q41. General condition of home (housekeeping) ? 

( Use the card No. 13 for code)

Q42. Building type ?

( Use the card No. 14 for code)

Q43. Code respondent as ?

1. Male
2. Female

3. Both

Q44. Date o f Interview ? 

Month

Day

Time o f day:

1. Morning

2. Before 3 p.m.

□

□

□

□

□  □  

□  □
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3. After 3 p.m.

4. After 6 p.m. □

Q45. Estimate of respondent's age 

( Use the card No. 15 for code)

Q46. Estimated ( or actual ) age o f resident

□
□

END STATEMENT:

Thank you for taking the time to participate in this survey. ( Present a gift)
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CHOICE CARDS

EASTERN LABORATORY, FORINTEK CANADA CORP 
FLOOR PERFORMANCE SURVEY 

FREDERICTON, NEW BRUNSWICK

1996

CARD 1

Q4. What kind of housing have you lived in most of your life ?
Q5. What kind o f housing did you live before you moved here ?

A. Single family
B. Two family, side-by-side
C. Two family, up and down
D. Row housing or town houses
E. Apartments (low rise - to 3 storeys)
F. Apartments (high rise - over 3 stories)

CARD 2

Q7. Within which range does your monthly rent fall ?

A. Less than $400
B. $400 - $500
C. $500 - $600
D. $600 to more
E. No answer

CARD 3

Q8. What did you house cost when you bought it or built it ?

A. Up to $20,000
B. $20,000 - $24,999
C. $25,000 - $29,999
D. $30,000 - $34,999
E. $35,000 - $39,999
F. $40,000 - $44,999
G. $45,000 - $49,999
H. $50,000 or higher

V-17



CARD 4

A. Very Satisfied
B. Satisfied
C. Neutral or Undecided
D. Dissatisfied
E. Very Dissatisfied

CARD 5

1. Definitely Acceptable
2. Acceptable
3. Undecided
4. Unacceptable
5. Definitely Unacceptable

CARD 6

1. Tile, vinyl, linoleum, etc.
2. Broadloom carpet
3. Indoor-outdoor carpeting
4. Ceramic tiles
5. Parquet flooring
6. Hardwood strip - 1-1/2" wide flooring
7. Softwood strip - 3" wide flooring
8. N/A
9. Other

CARD 7

Q 15 - Remedial Measures

1. Added partition or wall in basement or installed some posts
2. Complained to the builder or landlord
3. Put in additional j oists or reinforced j oists
4. Additional subflooring
5. Applied adhesive between joists and subfloor, or more nailing was put in
6. Installed bridging - crossbridging, strip bridging, or solid bridging
7. Applied shims between joists and subfloor
8. Rearranged furniture and / or put castors or pads under furniture and underpadding for 

rugs
9. Other
10. None
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CARDS

A. Very Frequently
B.
C.
D.
E.

Frequently 
Undecided 
Infrequently 
Very Infrequently

CARD 9

1.
2.
3.
4.
5.
6.
7.
8. 
9.

Heavy vehicle passes by house or apartment
Anytime a person walks around or through the room
Heavy person or heavy walker
Parties and / or dancing
Child plays roughly
Only when I walk
When one walks over a certain spot
When one stomps the floor
Other

CARD 10

1. When first moved in or soon after (within a year)
2. When an item o f furniture such as a china cabinet was acquired or moved
3. When the children began growing up
4. This interview brought it to my attention
5. Don't know, don't remember
6. Recently, in the last year
7. Before moving in
8. Other
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CARD 11

Width and Height Code Depth Code o f Base

3. 3 feet 2. 1 foot
4. 4 feet 3. 1 -1 /2  feet
5. 5 feet 4. 2 feet
6. 6 feet 5. 2 -1 /2  feet
7. 7 feet
8. 8 feet
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(Cards 12 -1 5  should not be seen by the occupant) 

CARD 12

01. Under 90 lbs 10. 170 - 180 lbs
02. 9 0 - 100 lbs 11. 190 -200 lbs
03. 100- 110 lbs 12. 200 -210 lbs
04. 110-120  lbs 13. 210 -220 lbs
05. 120- 130 lbs 14. 220 - 230 lbs
06. 130 - 140 lbs 15. 230 - 240 lbs
07. 140 - 150 lbs 16. 240 - 250 lbs
08. 150- 160 lbs 17. 250 - 260 lbs
09. 160- 170 lbs 18. 260 lbs and over
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CARD 13

Q41. Housekeeping

1. Meticulous or perfect
2. -
3.
4.
5.

Orderly or neat - good 
Average 
A bit disorderly 
repulsive and / or battered

CARD 14

Q 42. Building type

1. One family
2
3.
4.
5.
6.

One story apartment 
Two story apartment 
Three story apartment 
Four story apartment 
Condominium

CARD 15

Q45. Respondent's age

1. Under 20
2. 20 - 29
3. 3 0 - 3 9
4. 40 - 49
5. 50 and over
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Trip Report
Inspection o f Floors for Sounds Originating from WaJI/Floor Connections and 

Meeting With Robert Marshall (Ontario New Home Warranty Program)
Pickering, Ontario 

June 27,1995  
by

Lin Hu, Forintek Canada Corp.
Don Onysko, DMO Associates

This site meeting was arranged in co-operation with Robert Marshall at the Ontario New Home 
Warranty Program in North York. It arose from discussions we held with him in connection with 
the participation of ONHWP on the Forintek Task Group on Dynamic Performance Criteria for 
Floors in Multifamily and Commercial Construction. In addition to putting our minds to work on 
a problem they had encountered, this meeting offered us an opportunity to discuss how ONHWP 
could participate and assist Forintek in the pursuit of likely units for inspection, interviewing, and 
testing as part of the main floor survey planned for next year.

We met with Robert Marshall, Gerry Cumming (also with ONHWP), and with Vido Santole, 
representing the developer Tridel Corp., at 1400 Espanade in Pickering, Ontario.

About 20 percent of units are experiencing noises originating from the interaction between the 
wood based floor system and the interior non-load bearing steel partitions. We went into one 
completed unit, and two that were nearly completed. No inspections were arranged in any of the 
occupied units.

Description o f Units:

The row housing units were 3.5 storey (4 occupied levels) with 3 levels for most units, and with a 
bungalow unit (one floor level) under some units. A parking garage underlies the whole area.

The majority of floors consisted of 14 inch TJM wood I joists at 19.2 inches on centres, with a 19 
mm OSB subfloor screwed to them. These floors spanned the full distance (say approximately 
18'-11" clear) across each unit on to bearing party walls. The floors were designed for a 
deflection criterion of L/480 under uniform live load. A 15 mm type X gypsum board ceiling was 
attached directly to the bottom of the floors within units.

On an upper floor where the span was divided into two bedrooms at the front of the unit, the 
separating wall was positioned close to the centre of the span across the joists.

These interior partitions were made using light gauge steel studs with upper and lower channel 
tracks attached to the floor above and the floor below. The studs were spaced at 16 inches and 
the gypsum was attached to the studs but not necessarily to the top or bottom channels.
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Description o f the Problem:

About 20% o f the units experienced noises at the connection o f the partition to the floor when 
people walked on the floor. It was noted by the developer's representative that in some units, the 
sounds appeared to originate from the connection o f the partition to the floor above.

It was reported that only one screw was typically used to attach the steel stud to the channel 
track. Attachment o f the track to the floor was not based on any specific guidelines. It was also 
stated that the gypsum board was not likely attached to the bottom channel, only to the steel 
studs.

The sound generated resembled oil canning in some places, and a squeaking or rubbing in others. 
For the most part it appeared to be a rubbing noise, although an occasional "pop" appeared to 
occur. It appeared to be equally noisy no matter which side o f the partition a person moved when 
close to it.

Probable Causes:

As the floor deflected under the action o f a person moving on the span in the vicinity o f its 
centre, the floor deflected away from the partition. The partition acted as a relatively stiff deep 
beam. This relative deflection exercised the connection between the wall and the floor system 
and caused stress on these connections which resulted in rubbing sounds where the materials 
were just in contact, and potentially, caused popping noises where screws passed through the 
light-gauge material.

On concrete slab floors, this problem did not appear. In floors over crawl spaces supporting 
kitchens on one side which experienced vibration problems as well as these sounds, the sound 
did not occur after stub walls were installed in the crawl spaces to prop the floors up.

Consequently, reduction in the relative displacement between the partition and the floor reduces 
the stress on the existing connections and would likely reduce the sound levels generated.

Recommended solutions:

Several potential solutions were discussed and the following was proposed.

1. The least costly solution was to attach the steel studs securely to both sides o f the bottom 
channel (and top, if  necessary). It was felt that some of the rubbing sounds came from twisting 
motion o f the bottom track produced by eccentric attachment between the studs and the channel, 
(see Figure 1).

2. I f  there is insufficient alleviation o f the noise by doing this, possibly because some o f the 
sounds originated from the connection o f the channel with the floor, it was recommended that 
acoustic sealant be used to connect the edges o f the channel to the floor (figure 2). A sheet o f
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paper could be easily pushed between the floor and bottom of the channel, and this suggested that 
some of the relative motion could be minimized if that space was filled or bridged.

3. For new construction, we considered whether installation of a sill gasket might help. If the 
channel was solidly attached to the floor, one would not expect relative motion to occur between 
the channel and the floor. Currently, if the screws used are over driven, they may pull out partly 
and then result in popping sounds when they rub against the sheet steel. If the channel is screwed 
to the floor through a sill gasket, the extra compression distance provided would assist the 
installer in not over driving the screws (if they penetrated the OSB only). However, if the screws 
were put in directly at joist locations, it is not likely they would be overdriven and use of a sill 
gasket would not be required. But these screws would have to be fully driven to avoid the 
problem of popping and rubbing. Requiring that a screw be placed at every joist crossing would 
probably reduce this problem, even if some screws were not fully driven. If a gasket was installed, 
full contact between the channel and a gasket would reduce high frequency sounds originating 
from that flat plane.

4. We discussed whether gluing the upper and lower channels to the floor would help. We 
concluded that it would not hurt. But it would probably not be necessary if the attachment was 
performed adequately with screws. It is noted that in most units, noises did not occur. So, in these 
cases, attachment must have been sufficient (however it was that they did it). If it were known 
what minimum degree of attachment was needed without having noises, it would be possible to 
specify it and gluing would not be necessary.

5. We also discussed means to reduce the relative deflection. Installing a 2 x 4 of the same 
width as the steel channel securely to the floor would have the same effect as installing effective 
bridging and would reduce the maximum relative deflection of the floor under concentrated loads. 
It was felt that if they had to install 2 x 4  material above and below the floor, they may as well 
install wood studs. However, it is noted that nailing or screwing the wood plate in place would 
improve the floor performance, and there would be no warping or bowing of the wood plate to 
worry about. The baseboards would have solid backing in this case.

6. Alternatively, use of heavier gauge steel channels might be appropriate.

7. Finally, we have made the assumption that the bottom track was not damaged or bent in 
some way. If that was not the case, and it was not held down adequately to avoid oil-canning, it 
may be possible that the measures already recommended may help.

Conclusions:

The least expensive possible remedies are the first two suggested. If the first recommendation 
solves or alleviates the problem, it is indicated that two screws are necessary for each steel stud at 
each end. If it is still necessary to invoke the second recommendation (and it works) it appears 
that it is necessary to also require that additional care be taken in attaching the top and bottom 
channels to the floor itself and that the screws not be over or under driven.
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Discussions concerning the Forintek Project on Dynamic Performance Criteria.

We described the background for the floor project and how the field work might be done. 
Identification of likely sites by the Warranty program people would be a very useful approach. 
Many sites have controlled access and getting into a project to approach the residents is a major 
obstacle. Robert noted that under the umbrella of the Warranty program, it may be possible for 
them to pave the way forward to secure access. We would not expect the time involvement by 
individual field officers would be needed beyond that point. Robert noted that the request for 
identification of likely sites would come from him and that the selection criteria would have to be 
spelled out. We indicated that identification of single family houses was also useful within the 
selection criteria yet to be formulated.

We were very pleased that this approach was possible. If successful, it overcomes the major 
hurdle foreseen in any survey involving multifamily occupancies. Our role in actually securing 
co-operation of the residents, while still difficult, would become relatively straightforward. The 
main goal of the work which ONHWP supports is that it be directed at providing feedback to 
both them and the code community on things that are or are not working that well. This is 
precisely the point for Forintek's involvement to begin with.

Promulgation of improved ways of doing things was of great interest to them. Their "Building 
Smart" series and their "Building It Right The First Time" booklets do a tremendous job of 
getting the information out to the building community in a timely manner, well before it filters 
through the Code route. We both noted that the report on building floors prepared under the 
auspices of the Saskatchewan TRC, that was also supported by the ONHWP, was not receiving 
great attention. It could however form the basis for several targeted problem booklets. Feedback 
from the Forintek study and our past experience in floor inspection could also provide 
considerable input.

Currently, Forintek is in the process of dealing with the technical issues related to testing and 
inspection. But the excellent possibilities that this co-operative approach brings forward has 
certainly eased our concern that securing access would be a time consuming and costly element 
compared with the procedures we used in our survey work with consumers in the mid 1970s. If 
this approach can be fine tuned, it could serve as a model for approaches in other jurisdictions to 
make it a truly national survey.

cc: Eric Jones
Robert Marshall
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