
£/0Ovp^

IMPLEMENTATION OF RESIDENTIAL FLOOR PERFORMANCE CRITERIA
Part II

RESEARCH ON FLOOR PERFORMANCE:
A PROBLEM ANALYSIS

By

D.M. Onysko

FORINTEK CANADA CORP. 
EASTERN LABORATORY, 
800 MONTREAL ROAD, 
OTTAWA, ONTARIO 

K1G 3Z5

March, 1984
CFS Contract: 03-50-10-008
Project No:

D.M. Onysko /
Project Leader
Building Construction Technology



TABLE OF CONTENTS

Page

LIST OF FIGURES ii

SUMMARY 1

OBJECTIVES 2

INTRODUCTION 2

REVIEW OF EASTERN LABORATORY RESEARCH 2

FLOOR PERFORMANCE STUDIES 3

Contribution of Bridging to Floor Performance 3
Relative Importance of Various Bridging Types 4
Effectiveness of Bridging in Floors that Dry Out 4
Effect of Location of Bridging 5
Effect of Distributed Strapping and Ceilings 5
Contribution of Composite Action Between Components 6
Composite Action of Parquet Flooring with Subflooring 6
Multilayer Flooring 6
Field-Glued Floors 7
Continuous Joists 8
Effect of Partitions 9
Assessment of Floor Performance Studies 9

COMPUTATION OF FLOOR PERFORMANCE 11

ACCEPTABILITY STUDIES 13

Ottawa Pilot Survey 13
Hamilton Pilot Survey 14
Cross Country Survey 15
Assessment of Field Acceptability Studies 18

REVIEW OF WORK AT OTHER LABORATORIES 22

Forintek Canada Corp. Western Laboratory 22
Forest Products Laboratory - Madison 23

RECOMMENDATIONS FOR RESEARCH 24

CONCLUSIONS 26

REFERENCES CITED 27

l



LIST OF FIGURES

Figure 1

Figure 2

Effectiveness of tentative performance criteria in 
defining acceptable floor performance examining 
living area floors only

Effectiveness of the chosen criteria in defining 
acceptable floor performance using only the bedroom 
floors.



SUMMARY

The results of floor performance research at the Eastern Laboratory 
were summarized. These studies included both published and unpublished 
material. Included were investigations Of the contribution of bridging, 
the effect of its placement and the effect of drying out of floors on 
its effectiveness. Other studies were concerned with the contribution 
of floor stiffness made by parquet flooring and multiple layer flooring, 
field gluing, continuous joists, and the placement and attachment of 
partitions. The analytical techniques used were extensions of work by 
others. Acceptability studies provided data for correlation of various 
floor performance parameters with the subjective assessments of performance 
by occupants in houses. This led to the formulation and recommendation of 
performance criteria for living areas and bedroom areas in residences.
Also reviewed briefly, was some work by others in the field. No attempt 
was made to make a thorough review of all work related to the setting of 
performance criteria.

An assessment was made of what had been learned about the manner that 
floors perform as affected by their construction. Also assessed were 
the limitations in the information available and of the performance 
criteria recommended. On the basis of this evaluation, a series of 
investigations and research thrusts were recommended. These fall into 
groups having specific main goals. They consist of efforts to, (1) 
develop better performance criteria where the existing work could not be 
more specific, (2) develop a better understanding of factors which 
influence behaviour and acceptability including the development of test 
methods (3) develop design information for materials that is presently 
not available and provide recommendations concerning the influence of 
construction conditions and occupancy loadings on the degree of long 
term reliability of fastener properties, and finally, (4) development 
of design aids that will enable a more ready implementation of performance 
criteria amongst the design community and to supplement the power of more 
complex analytical techniques.

The preparation of this document was initiated to facilitate a dialogue 
with other research organizations and individuals in coordinating an 
approach to additional research in this area. These include the Forest 
Products Laboratory in Madison, the Department of Civil Engineering at 
UBC, our own Western Laboratory and the Division of Building Research at 
NRC.
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OBJECTIVES

The objective of this report is to assess research done on the subject 
of floor performance at the Eastern Laboratory and as well as work done 
at some other research centres. The purpose of this assessment is to 
recommend research that should be pursued at the present time.

INTRODUCTION

Floors must be designed to meet both strength and stiffness requirements. 
The long standing stiffness requirement in general use throughout most of 
the world is based on the concept that maximum deflection under a uniform 
load should be limited to a certain proportion of the span. The ratio 
commonly used has been 1/360 for a uniform load of 1.9 kN/m2 in resident-
ial construction. Ostensibly, while this ratio has been required to limit 
the potential for cracking of plaster ceilings, it has served as an accept-
ability criterion in a limited way.

Largely, that simple criterion has served both the designer and the 
regulatory agencies well. There are situations where vibrations or 
excessive deflections occur, mainly associated with floors where the 
stiffness of the flooring (or subflooring) is relatively low or where 
joist spans are relatively long. The reason why this simple criterion 
fails in some instances is that it does not address all of the factors 
that affect acceptability of floors from the point of view of deflections 
and vibrations.

A research program on the serviceability of floors was initiated at the 
Eastern Forest Products Laboratory of the Canadian Forestry Service in the 
1970's (now the Eastern Laboratory of Forintek Canada Corp.) beginning with 
a review of the literature (Onysko, 1970). Initially, the program was 
seen to be necessary because field gluing of subflooring to joists was 
just starting to be considered and the building industry feared that 
potential problems might result with vibration performance. Subsequently, 
it was learned that even some conventionally built floors were too " bouncy" 
from the occupant's point of view. This feedback came to us from home 
owners, builders and from CMHC whose inspectors found a larger than usual 
number of complaints at that time in certain regions of the country. 
Preliminary work suggested the reasons why the simple deflection criterion 
presently used for floor design was inadequate. Laboratory and field studies 
were begun to address the problem and to acquire data upon which a new 
criterion might be based, in this case, upon the experiences of residents 
who had to live on these floors.

REVIEW OF EASTERN LABORATORY RESEARCH

Broadly speaking, this work can be thought of as composed of floor 
performance studies to obtain an understanding of the influence of 
various construction techniques, analytical studies for determining 
the performance of floors based on the properties of their individual 
parts, and acceptability studies wherein measured or computed 
performance factors are correlated with the opinions of occupants 
concerning the acceptability of floors.
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FLOOR PERFORMANCE STUDIES

Over the last decade, numerous floor performance studies were undertaken 
by the Eastern Laboratory both in the laboratory and in the field. They 
were done to better understand how floors perform in practice, to provide 
test back-up for analytical techniques, and finally, to obtain empirical 
information about matters that it was not possible to estimate in advance.
In the following sections we will provide brief summaries of the findings 
of some of these studies.

Before doing so, some of the testing techniques we have used will be 
described briefly. Concentrated loads were usually applied using the 
mass of a person supplemented by additional dead mass to bring the total 
to approximately 100 kg. In the laboratory we have preferred to use a 
small loaded trolley. In both cases, the load is applied through a 
relatively small area. Deflections were measured from below at each 
joist to obtain a transverse deflection profile for each position of the 
load. In addition to joist deflections, we measured flooring deflection 
under point loads.

Dynamic impacts have been produced in various ways. Two ways this has been 
done include dropping a steel ball onto a neoprene rubber slab, and use 
of a cone drop tester. This tester consists of a stand holding a weighted 
steel cone which is dropped on to a supported aluminum plate with a hole 
in the centre. The plate tears and dissipates the kinetic energy of the mass 
falling on it. Velocity or displacement transducers were used to monitor 
the floor response,the signals of which were recorded on magnetic tape 
for subsequent analysis.

Contribution of Bridging to Floor Performance

We appreciated the importance of bridging to floor performance quite early 
in our work primarily because we were concerned with minimum performance 
floors. For these floors at least, bridging has a very important contribution 
to make to their performance. It was important for us to assess that contribu-
tion and to have some way of including it in the structural analysis.

It is important to appreciate that bridging can act primarily as a bend-
ing element or as a shear element depending on its type. A wooden strap 
nailed to the underside of the floor joists is forced to conform to the 
transverse deflection profile of the floor when it is loaded by a 
concentrated load. The strap bends and the resisting forces help to 
transmit load from the centrally loaded joist to the other joists in 
the vicinity of the load. The wood strap acts primarily as a bending 
element. It also assists in restraining twisting or torsion of the 
joists as they deflect relative to each other. On the other hand solid 
wooden blocking or cross bridging act primarily as shear elements which 
attempt to prevent distortion of the space between joists. They try 
to act like solid intermittent webs of beams, or as the webs of triangu-
lated trusses. In either case, bridging acts to assist the floor sheathing to
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distribute the effect of concentrated loads to adjacent floor areas.
The fact that deflections and dynamic response of a floor are reduced 
by the load-sharing effect of bridging means that bridging has contributed 
to the acceptability of those floors with it.

Relative Importance of Various Bridging Types

Our initial bridging study (Onysko and Jessome, 1973) on a full-sized 
floor with minimum thickness plywood showed that the deflection under a 
concentrated load could be reduced by up to 49 percent depending on the 
bridging type. For example, a 25 x 3-mm steel strap nailed across the 
bottom of the joists at midspan, because of its low bending stiffness, 
did not influence the resulting floor deflections. Cross bridging alone 
and a wood strap alone had similar effects, reducing floor deflections by 
about 12 percent on average. Solid skewed blocking alone reduced 
deflections by about 29 percent on average. The combination of a bottom 
wood strap with solid skewed blocking, depending on the manner of attach-
ment, reduced deflections by about 49 percent on average. A 12 mm 
gypsum board ceiling (no taped joints) attached to the underside of the 
floor without bridging reduced maximum deflections by about 19 percent on 
average. Numerous other cases were also tried to see what improvement 
could be brought about. Of course these percentages should not be taken 
as fixed. The reduction made possible by the bridging depends on the 
stiffness of the flooring and the floor joists, as well as on how the 
bridging is attached.

Effectiveness of Bridging in Floors That Dry Out

Seven full-sized floors were built from joists having a relatively high 
moisture content which were then allowed to dry out (Onysko and Garrant, 
1981). There were seven 38 x 184 mm Spruce-Pine-Fir(SPF) joists in each 
floor, and 12.5 mm Douglas-fir plywood was used for the subflooring. They 
were each built with a clear span of about 3.5 m and with joists at 406 mm 
on centres. Eight bridging combinations were investigated.

The moisture content of the joists changed from an average of 23.5 
percent to 10.4 percent. Floor joists experienced an increase in stiffness 
about as predicted based on average shrinkage properties of SPF species 
and known relationships between the modulus of elasticity and moisture 
content of wood. There was a 0.5 percent increase in stiffness for each 
one percent decrease in moisture content. Despite this, the nailed floors 
decreased in stiffness apparently because the nail connections loosened up. 
The glued floor, on the other hand, increased in stiffness.

Some bridging types lost more of their effectiveness than others. For 
example, a bottom wood strap alone lost very little of its effectiveness 
but was the least effective. Wooden cross bridging and skewed blocking 
had a 5 percent loss in effectiveness. Where a bottom strap was 
combined with shear-type bridging, especially skewed blocking, the largest 
improvement in stiffness resulted. When only nailed, the largest percentage
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reduction also occurred on drying, but when effectively nailed and the 
connection supplemented with elastomeric adhesive, the effectiveness 
was maintained. On the other hand, if relatively poor nailed connection 
was used with gluing, the largest percentage loss in effectiveness resulted 
because the adhesive failed to take the stresses caused by differential 
shrinkage.

Effect of Location of Bridging

Bridging is most often placed at the middle of the floor span. When the 
span exceeds 4.2 m two lines of bridging are required, usually placed at 
the third points of the span. The effect of bridging placement was studied 
in two unpublished test series.

In the first, a floor composed of 38 x 184 mm SPF joists at 406 mm spacing 
with 14 mm Douglas-fir plywood were tested on a 4.57 m span. Bottom wood 
straps used were 38 x 89 mm placed symmetrically about the centre of the 
span at different locations. It was found that when the straps are placed 
at the third points of the span, their combined effect is about 0.75 of 
the effect if both had been at the midspan position. One strap placed 
at midspan was about equivalent to having straps placed at 0.3 of the 
span from each support.

In the second study, tests were conducted on 305 mm deep wooden floor trusses 
spaced at 488 mm on a span of 5.92 m, and with 14 mm Douglas-fir plywood. The 
effect of one strongback at the centre of the span was about equivalent to 
the effect of strongbacks at the third points of the span. The deflected 
profile of the trusses was also measured and it was found that if only one 
strongback was used in the centre of the floor, the maximum deflection under 
a point load no longer occurred when the load was at the centre of the floor. 
It would appear that if more than one line of bridging is to be used, the 
distance between them should be somewhat less than one-third of the span 
to maximize the benefit of the bridging on the total deflection envelope 
of the floor.

Effect of Distributed Strapping and Ceilings

In another unpublished study, the effect of distributed strapping was 
examined to see if special precautions were required in the analysis 
of deflections under concentrated loads. It was found that the stiffness 
of the strapping could be assumed uniformly distributed along the joist 
length. This equivalent stiffness could be added directly to that of the 
flooring in the floor analysis. When a ceiling was added to the floor 
and the joints were not taped or plastered, the gypsum board stiffness could 
also be added to that of the flooring for the analysis of deflections under 
concentrated loads. No tests were done in which the gypsum board joints 
were taped and plastered. It is suspected that this latter case may 
contribute some degree of composite action with the floor joists, at 
least for a time if the nail connections are not overstrained.
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Contribution of Composite Action Between Components

Composite action between the various components in a floor can occur 
intentionally and sometimes inadvertently. When parquet flooring is 
bonded to plywood or waferboard subflooring, as it must to stay in 
position, an increase in stiffness is imparted to the subflooring 
which is not recognized in the building standards. Composite action 
also results when layers are well nailed to each other, or when sub-
flooring is glued to floor joists. Several of these cases have been 
investigated to a limited degree at the Eastern Laboratory.

Composite Action of Parquet Flooring With Subflooring

A limited study was undertaken to assess whether parquet flooring 
provided significant composite action with subflooring to which it 
is bonded (Onysko, 1981a). Since there were so many floors with 
parquet flooring in our field studies, it was necessary to determine 
the order of magnitude of the stiffening effect and to learn if it 
could be predicted. Three plywood thicknesses were included (9.5,
12.5, and 15.5 mm), one parquet flooring thickness (7.1 mm) and bar 
size, and only one adhesive type. It was found that an important 
contribution was made by parquet flooring despite the fact that it is 
made of small blocks with joints in between. The bending stiffness 
that most affects floor system deflection (when the face grain of the 
plywood is laid across the joists) increased by a factor of from 2.04 to 
to 1.25. Stiffnesses in both principal directions are involved for 
local flooring deflections under the action of point loads. It was 
found that a 66 to 36 percent reduction in deflection could be attributed 
to the presence of parquet flooring bonded to the plywood. In fact, 
for the panels tested, the average deflection of the 12.5 mm plywood with 
parquet flooring was slightly less than that found for the 15.5 mm ply-
wood without parquet flooring.

The study concluded that, as a rough estimate, the parquet flooring 
could be thought of as a layer of plywood-like material equal in thickness 
to half the parquet thickness. Finishing of the parquet flooring was also 
a factor.

The above study did not examine the effect of parquet flooring on floor 
system deflection. In an unpublished study involving field tests in two 
houses in which continuous steel joists were used, with 15.5 mm plywood 
nailed and nail-glued to the joists, static and dynamic tests were done 
before and after parquet flooring was installed. It was found that floor 
system deflections were reduced by the installation of parquet flooring. 
These reductions ranged from 9.1 to 20.4 percent for the nailed floors 
and 9.1 to 23.7 percent for the nail-glued floors (average reduction of 
17.2 and 18.1 percent respectively).

Multilayer Flooring

In the past, traditional floors usually consisted of at least two layers 
of structural and semistructural flooring; e.g., diagonal board subfloor-
ing with hardwood strip flooring as the finished floor surface. When
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panel materials came into general use, the plywood subflooring became 
the working platform and other panel materials were often added later 
as a base for vinyl tiles or for parquet flooring. In more recent years, 
single-layer subflooring/underlayment has been used to reduce costs.
Because so many floors inspected in the field had two or more layers, a 
limited study (unpublished) was done at the Eastern Laboratory on one 
floor to see what contribution might be counted on when multilayer floor-
ing panels were used.

The floor tested consisted of 38 x 184 mm SPF joists spaced at 406 mm 
and tested on a 3.49 m span. Three layers were used: 12.5 mm plywood,
9.5 mm particleboard and, finally, a 6 mm Douglas-fir sanded plywood.
Tests were performed at intermediate stages of the construction to assess 
the static and dynamic performance of the floor. The layers were nominally 
nailed together avoiding adding more nails into the joists, and overlap 
at joints was only about 100 mm.

It was found that nominal nailing of layers did not result in composite 
action between them. The effect of adding layers could be accounted 
for almost entirely by the additional transverse stiffness provided.
The small overlaps provided did not seem to add to composite action with 
the joists (by providing continuity over butt joists). It was only when 
more nails were added directly into the joists that composite action with 
the joists resulted. It was concluded that, unless care was taken to assure 
continuity at butt joints in the subflooring by having sufficient overlap 
of the overlying materials, multilayer flooring using panels could probably 
be treated as the summation of the stiffnesses of all the layers without 
composite action between them.

Certain other combinations of flooring layers have been tested in the 
field and have been found to have a stiffer response than could be accounted 
for by the above assumptions. The results of these field tests have been 
incorporated into our analysis techniques.

Field-Glued Floors

Most of the research on field gluing of subflooring to joists has been 
done in the United States. In our experience, the theoretical and practical 
work done at the USDA Forest Products Laboratory has provided an adequate 
means for estimating the stiffness of field-glued floors (McCutcheon, 1977). 
Together with simplified analysis techniques developed at the Eastern 
Laboratory, a reasonable estimate of maximum deflection performance of 
field-glued floors can be obtained. Our testing has been limited to two 
field studies that will be mentioned here to highlight the degree of 
contribution that is possible.

The first study in which field gluing was involved has already been noted 
earlier. These were tests on nailed and nail-glued steel joist floors in 
which we studied the contribution of parquet flooring. Field gluing of the
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subflooring to the joists was found to result in a 20 to 30 percent 
difference on average between the two types of constructions for floors 
without parquet flooring, and a difference of from 25 to 30 percent after 
parquet flooring was installed. This is considered to be an important 
contribution to floor stiffness.

The second study which we would like to mention was done at the HUDAC 
MARK IX Energy Research Houses in Orleans (Onysko, Demers and Garrant,
1981). Comparisons of floor performance in these houses showed that
nail gluing caused differences in deflection under concentrated load of
32 percent and 38 percent on average before installation of bridging
and 31 percent and 44 percent on average after the installation of bridging.
Even the simply supported nailed-only floors showed composite action
because the plywood sheets had been installed so tightly that butting
provided continuity of the plywood skin.

Another study involved the re-testing of floors in two of the HUDAC 
MARK XI houses slightly more than two years after they had first been 
tested (van Rijn, 1982). These showed that deflections of both the 
nailed floors and the nail-glued floors were greater than before. The 
exact reasons cannot be pinned down but small changes in the properties 
of the materials caused by further drying and loosening up of connections 
probably served to cause greater deflections, even of the nail-glued floors.

Continuous Joists

Continuity of joists over a central support beam has sometimes been 
considered to provide a benefit to performance. While some increase in 
stiffness is provided, there are other characteristics of behaviour that 
should be considered for continuous joists. In our field studies, we have 
found instances where continuity of the joists also provided for a carry-
over of vibrations into other rooms causing disturbances that were considered 
annoying. Another factor appeared when we conducted concentrated load and 
uniform load tests on the floors in the HUDAC MARK XI houses (Onysko,
Demers and Garrant, 1981).

In these tests of continuous joist floors, it was found that about a 10 
percent difference in deflection under point loads could be attributed 
to the presence of joist continuity when there was no bridging. This 
difference was reduced to about 4 percent once bridging had been added.
The effect of continuity is considered to be relatively minor contribution 
in most such floors.

When the floors were loaded by a 1.85-kPa uniform load, one span at a 
time, we found a large effect caused by deflections of the supporting 
central beam. The support beam deflection was large in comparison with 
the negative deflection of the adjacent non-loaded span. The negative 
moment that might be expected to develop there was substantially less.
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Consequently, the maximum positive moment that resulted in the loaded 
span were somewhat larger than would be assumed for design when support 
deflection does not occur. This effect is normally ignored in the pre-
paration of span tables for continuous joists. The support beam itself 
deflected only 1/1200 of the span under this partial load (on a 3.55 m 
span). It would appear that present practice should be modified to 
account for these effects.

Effect of Partitions on Floors

The influence of non-load-bearing partitions on the performance of floors 
is not normally accounted for in design for a very good reason. The designer 
cannot always depend on the partitions remaining there nor that they will 
be built where the drawings indicate. Secondly, they introduce a 
complexity in the design that is not welcomed by designers and there is 
little information that can be used to guide a designer should he wish to 
take this route.

In our field studies of floor performance, it was necessary to be able 
to approximate the influence of partitions for computational purposes. For 
this reason, one limited study (unpublished) was undertaken in the laboratory. 
These tests involved a. wooden truss floor which has already been described in 
an earlier section.

A full-sized partition was positioned across the floor at different locations 
and attached to the floor in various ways. The ratio between the actual 
measured response and the response of the floor without a partition as a 
function of the position of the partition on the span lead to the following 
correction factor (c)

C = 1.62R - 0.46 0.5< R ^ 0.9

C = 1.0 0.9< R ^ 1.0

where R is the ratio of the length of the room in the direction of the 
joists and the span of the joists. The partition was found to affect the 
floor performance without even being attached to the floor simply by 
preloading the floor. Nailing of the bottom wall plate to the subflooring 
had no effect on the floor response. It was only when the bottom wall 
plate was nailed directly to the floor trusses that the deflections were 
ameliorated by the wall stiffness. The above relationship applies where 
good connection is provided. In the absence of any other data, we have 
used the relationship shown for predicting the influence of partitions 
in floors encountered in our field studies and acceptability studies.

Assessment of Floor Performance Studies

While the above test work provided guidance for the immediate problem in 
hand at the time, which was to evaluate the performance of floors inspected 
in the field, it is also clear that some of the information provided is but 
a glimpse at certain aspects of floor performance. Much more information
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will be required in certain areas if the design of floors proceeds 
along lines to take advantage of specific construction techniques. 
Specific study areas which will require further work are suggested 
below:

(1) Study of the degree of composite action between joists and 
the subflooring that is achievable by the method of attachment 
and the residual of that effect when floors are seasoned and in 
use. There is little point to counting on a particular degree 
of composite action at the design stage if there is not some 
assurance that it will persist.

Certain techniques, such as field gluing, impart a substantial 
contribution to floor stiffness, providing the glue bonds do 
not fail. This contribution is quite predictable based on current 
information and analysis techniqes.

Nailed construction, on the other hand, will not so much fail as 
work loose with repeated use and under fluctuating moisture 
conditions. Investigation of this matter can proceed along 
many lines but it should include repeated load testing of 
nailed joints and of assemblies. Assessment of these effects 
through field testing is more difficult, but it should not 
be discarded from consideration. The behaviour of individual 
floors in the field are for specific histories of influences, 
including that of loads and of moisture content in the wood 
and wood-based materials. For this reason, the floor per-
formance cannot be generalized from case study of a few floors. 
However, case studies help understand factors that should be 
considered. One observation we have learned from individual 
workmen about construction practices is that substantial loads 
can be applied during construction. The specific example in 
mind concerns the relatively high loading imposed by the 
piling of gypsum board sheets in several areas of the house 
in preparation for their installation. Other influences 
include the effect of tight installation of the plywood or 
waferboard subflooring and the behaviour of the floor on being 
wetted. The behaviour of such floors can be assessed by 
building test floors using materials with known properties 
and monitoring the performance when the floors are subjected 
to a simulation of these typical influences.

(2) While bridging consisting of strapping can be considered
to have a reasonably stable effectiveness beyond the first dry- 
down, there is some concern that certain types of bridging may 
lose more of their effectiveness with time. The effectiveness 
of some bridging has been evaluated in test floors built of 2 x 8 
material. There is good reason to suspect that this effectiveness 
may be depth-dependent and a theoretical approach backed up with 
testing would be required to address this issue.
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(3) The influence of partitions on the performance of floors has 
been discussed and very little generalized information is available.
One could take the position that floors should not be designed to 
take advantage of partitions on a floor and that study of their 
interaction is not of use. But, the fact that they do have a large 
influence on floor performance especially in attenuating disturbances 
that are transmitted to sensitive furniture, suggests that this matter 
should not be ignored.

(4) Although practices have changed from multilayer panel flooring to 
use of a single layer panel subflooring/underlayment, there is still 
need to consider the contribution of several layers. Some builders 
still prefer to use board flooring believing these types of floors have 
superior stiffness for a given joist span. Demonstration of the benefit 
of hardwood strip flooring could lead to its increased use. The use of 
parquet flooring has declined in recent years as builders are more and 
more turning to use of carpeting and vinyl tile as the main floor finish-
ing materials. Information on the contribution of these wood-based 
products could help convince builders to return to the use of these
and other products. The diversity in construction of floors in the 
past suggests this is due to the fact that no advantage was recognized 
for the contribution certain flooring materials made to the performance 
of floor systems. A matter that will have to be addressed at some point, 
particularly if the design criteria are to be based on performance under 
concentrated loadings, or on dynamic response, is that the design 
technique will be more complicated than in the past. The preparation 
of design aids will have a very large impact on whether a particular 
material is given an opportunity to compete with or function in combina-
tion with other materials. Those involved in implementing such a design 
approach will have to consider this matter very carefully.

(5) The performance of continuous joist floors has not been investigated 
in depth. Under point loads, little benefit was seen in one field 
investigation. This matter should be addressed by a laboratory 
investigation where better control of boundary conditions can be 
achieved. The field work showed that design assumptions are not 
necessarily correct and this should be accounted for in the 
experimental design.

COMPUTATION OF FLOOR PERFORMANCE

Only a very brief summary can be given of our work in this area. We have 
been concerned with being able to compute the deflection of floors under 
concentrated and uniform loads, and to compute the dynamic response of 
floors under the action of impulsive loadings. Not much need be said 
about computation of uniform deflections under uniform loadings. For 
simple spans, with or without partial composite action, the procedures 
are quite straightforward if all joists have the same properties.
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In the case of concentrated point loadings or point loadings distributed 
over a small area, the problem is much more complex but it is fortunately 
easy to handle on most computers. We have extended the simplified theory 
initially set forth by Vermeyden (1968). His solution depends on the 
inversion of a 14 x 14 matrix and gives the deflection of a 7-joist floor 
with unsymmetrical properties. Subsequently, this approach was modified 
to include the effects of bending or shear bridging individually or in 
combination and required the solution of a 28 x 28 matrix (Onysko, 1981b). 
The method was then expanded to provide a deflection solution for floors 
with up to 13 joists, with free or with supported edges, and taking 
symmetry into account. This latest version of the analysis technique 
requires the solution of a coefficient matrix of up to 27 x 27 in size 
depending on the room width. A comparison between laboratory test results 
and computed deflections is given by Onysko (1981b).

A general purpose computer program has also been prepared which allows 
the analysis of a floor based on assumed properties for the flooring, sub-
flooring and joists, and the many combinations of bridging and types of 
materials encountered in our field survey work. This program has been 
used for the analysis of floors in our field testing and floors in houses 
in which testing was not done but for which an estimate of performance was 
required for correlation with occupant acceptability ratings.

Computation of the peak response of a floor to an impulsive load requires 
a further degree of complexity. The technique employed assumed the floor 
to be a single-degree-of-freedom system and an estimate of the effective 
mass was required. This in turn required that the effective width of the 
floor participating in the vibration be calculated. The effective width 
depends on the transverse deflection profile of the floor. In laboratory 
testing where the transverse deflection profile from static point loading 
is known, good agreement with the measured maximum impact response was 
found. In the field, not only the properties of the floor elements in 
the floors must be estimated, but the mass and the damping ratio are 
required as well, and agreement with measured test results was not as 
satisfactory. It should be noted that dynamic tests are more subject 
to problems with instrumentation and subsequent analysis than are 
concentrated load tests. Also, it is not normally possible to apply the 
same impact loading each time to each and every floor because of the 
cushioning provided by carpets and underpadding. Multiple-layer floors 
also tended to absorb the impulse differently because of separation 
between layers. Another analysis program that has greater accuracy in 
predicting the transverse deflection profile was developed at the Forintek 
Canada Corp. Western Laboratory by Foschi (1982). Work would be required 
on this program to incorporate the effect of bridging.

Before passing on to the next section, we would like to note that typical 
light-framed floors do not behave in the same way as long span floors when 
subject to human impact. The reason for this is that the human body 
represents a relatively heavily damped mass in proportion to that of the 
typical floor, and the presence of even one person in the middle of a 
floor greatly modified its performance. In the case of human impact,
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such as the heel drop test which some investigators have used in their 
testing, the human impulse imparted to the floor is longer than the period 
of most light-framed floors. This interferes with the maximum response 
and alters the duration and damping of the floor system. While it might 
be possible to model this interaction, in work to date we have chosen to 
ignore it and instead compute the response of floors under the action 
of a fixed impulse which is assumed to act in a very short time in 
reference to the period of the floor and assuming no one is on the floor.

ACCEPTABILITY STUDIES

The most direct way to find out if a product or a government is acceptable 
to a population is to conduct a properly designed survey. While this is 
relatively straightforward for a product that is of uniform consistency and 
to which the consumer has equal access, this is not as simple for the 
subject of floor performance where each consumer experiences a different 
quality of performance and where that performance may be different within 
the same residence. Further, the consumer's reaction to his or her floors 
is affected by expectations, lifestyle, the placement of furnishings, the 
demands put on the structure, conditioning, and other factors. None the less, 
a survey approach is the only way that consumer acceptability of floor 
performance can be obtained. The following subsections describe three 
studies that were done by the Eastern Laboratory to obtain this information.

Ottawa Pilot Survey :

It was recognized that serviceability criteria for deflections and 
vibrations could only come from a field assessment of performance in 
occupied homes. A questionnaire survey of staff at the EFPL led to the 
selection of about 20 houses for detailed study (Onysko 1975). This survey 
assisted in developing the initial interview survey instrument that was 
used to assess the occupants' opinions about floors in their houses. In 
addition to conducting the interview about factors that the occupants 
notice about the serviceability of their floors, impact testing and static 
load testing was done on two or three floors in each residence to obtain 
specific measured performance information.

The detailed results of this survey have not been published. Detailed 
examination and analysis of the survey instrument and the test data were 
made however. The test data provided the start of a data base that we have 
been building up since that time. The main finding of the correlation 
analysis between the occupant's opinions and the measured test data was 
that in a relatively small sample such as this, the strength of opinions 
by several persons about some relatively minor effects easily obscured 
possible correlations with factors that can be addressed through design.
The experience gained in undertaking testing in existing houses and the 
inspection techniques that were required to ascertain the construction of 
floors was useful for subsequent studies.
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Hamilton Pilot Survey:

Recognizing that a broader survey base would eventually be required and 
that such a survey should be carried out on a national basis, a pilot 
survey was commissioned to be done in Hamilton, Ontario, under contract 
(Reville 1975). This survey involved the design of an extensive survey 
instrument that sought information about the occupants from a sociologie 
point of view, as well as information about conditions related to the 
performance of floors in the residence. Houses were selected at random 
from building permit numbers in two time periods, before and after the 
lumber grading rules were changed in and about 1971. Three hundred and 
sixty five interviews were administered. The engineering information about 
the floor construction was obtained from plans on file at the municipal 
offices. These often had very incomplete information as to how the floors 
were constructed. The coded engineering information was processed by a 
computer program developed by the EFPL based on an extension of Vermeyden1s 
analysis technique, together with a " front end" to interpret the coded 
information and assign material sizes and material properties.

In addition, as a check on whether the coded information would be accurate 
enough, the EFPL undertook field testing at an additional 25 houses that 
were selected from the random sample, largely those occupants who mentioned 
noticing effects related to floor motion. Correlation of measured deflections 
with computed deflections based on the engineering descriptions obtained 
by on-site inspection and those obtained from the building plans showed that 
the latter were completely unreliable. An inspection program was then 
initiated by the EFPL with the assistance of the CMHC regional office in 
Hamilton to obtain detailed inspection information at 185 houses from the 
original survey population of 365 interviews. This data was the basis for 
the consultant's report (Reville 1975).

The analysis presented showed that correlation of the occupant1s opinions 
about floor performance with computed static or dynamic performance parameters 
was poor. It was identified that much of this had to do with relatively 
strong opinions by some about very small floor motion effects, a class of 
opinion that became referred to as " blanket" opinions. These were persons 
who gave strongly negative responses to a high proportion of floors in 
their residence irrespective of the performance variation from one room to 
another. In many cases, these persons had, what could be referred to as, 
very stiff floors relative to others in the survey.

Amongst the recommendations given in the contract report, it was suggested 
that the population that was of most relevance to sample included those who 
were recent occupants of their houses, say within one year. A two person 
team was recommended to conduct the survey, one to do the interview, and 
the other to perform the inspection with assistance of the first. It was 
also suggested that only one floor in each house be assessed by the 
occupant but that if opinions about the other floors was sought, if it 
appeared that the second and succeeding opinions did not seem to be 
independent, a special section of the interview form should be designed 
to clarify this.
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Cross Country Survey:

This work followed immediately on the completion of the Hamilton pilot 
survey. The survey was conducted during the summer and fall of 1975 
and the initial report was completed in 1978 (Onysko and Bellosillo 1978).
A total reexamination of the survey data in relation to computed performance 
using an updated version of the analysis program was made in 1984 (Onysko 1985a), 
and in a summary paper (Onysko 1985b). The computed performance parameters on 
which this reexamination was based was provided by Onysko (1981a) with 
supporting documentation for assumptions and assumed material properties 
(Onysko, 1980, 1981c, 1982, 1982a, 1982b, 1982c).

The survey was conducted in 5 metropolitan areas in Canada. A total of 107 
formal interviews were administered, but many more informal interviews were 
held with home owners in the process of finding houses with more " minimum" 
floor construction than average.

It was originally assumed that suitable homes could be identified by local 
building inspectors and CMHC regional offices. This assumption proved to 
be incorrect in general and it was necessary to use both an alerted and 
unalerted technique in finding suitable houses for the survey. In the 
latter, prospective candidates were told the main purpose of our survey, 
which was to study floor performance and to inquire if they noticed floor 
motion effects in their residence.

Little difference was found between this particular sample and that which 
had been approached in Hamilton from the point of view of most social para-
meters. It was concluded that the method of solicitation and the degree of 
alerting did not lead to the selection of a group of individuals who were 
more likely to complain or to be more critical of floor performance in 
their residences than those who were selected randomly. Non-the-less there 
seemed to be quite important disagreement between the occupants and the 
inspectors opinions. It was determined that most of the disagreement was 
with individuals who were identified, (at the time of the interview), as 
a person who either gave blanket opinions or who was a " heavy person - heavy 
walker" . Most of the disagreement was with some of the males interviewed. 
Whereas in the Hamilton study, no attempt was made to identify these 
opinions, the interviewers in this study attempted to provide this assess-
ment of the occupant and they also coded their own opinions about the floors 
they inspected.

A combined opinion set was developed which placed much less emphasis on 
those opinions which had been defined as " extreme" . This combined 
opinion set was then used for the correlation study.

Many factors were found to contribute to the sensing of the presence of 
floor motion. Indeed, the feeling of floor motion was often not related 
to the severity of the opinions expressed. Often the sounds produced by
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Figure 1. Effectiveness of tentative performance criteria in 
defining acceptable floor performance examining 
living area floors only.

16



objects in a room when the floor was set into motion by the passage of 
individuals contributed heavily to the occupant's opinion about his or 
her floor, and to a lesser degree the opinions of the inspectors. China 

-- cabinets especially tended to harbor more items which contributed to the 
sensing of both sonic and visual effects.

Correlations were sought between the floor ratings on an acceptability 
scale and computed engineering parameters such as deflection under uniform 

. load, deflection under concentrated load, and dynamic parameters such as 
frequency of vibration, peak dynamic response to an impulive loading and 
damping. It was found that deflection under uniformly distributed load was 
not well correlated with acceptability but that deflection under concentrated 
load and a dynamic impulse were well correlated. In the case of dynamic 
response, the computed duration of a transient vibration proved to have a 
strong correlation with acceptability despite the fact that the ability to 
assign appropriate damping factos to specific floor constructions was 
considered to be poor. It was largely on this basis that it was decided 
not to recommend a criterion based on dynamic response of a floor at this 
time.

Based on a discriminant analysis of the deflections of living area floors 
under the action of concentrated load of 100 kg, the following criterion 
was recommended.

Y ^ 6.7 3.0 £ L < 6.0

L X‘22

Y ^ 1.75 L < 3.0

where Y is the maximum permitted deflection in millimeters under a point 
load of 100 kg and L is the clear span of the floor in meters. It is noted 
that under a span of 3.0 meters, only a fixed maximum deflection is proposed. 
There were very few floors below this span that were unsatisfactory and the 
settin9 of a boundary in this region of the data could not be set with any 
assurance. The fixed limit, it is felt, errs on the side of conservatism.
This boundary and the data on which it is based are shown plotted in Figure 1.

For bedroom floors, there were relatively few complaints compared with those 
in the living areas of houses. This is despite the fact that lower performance 
is permitted by virtue of the lower design loads used for bedroom areas. How-
ever, based on the computed deflections, especially after correction for 
partition effects, the performance was not that dissimilar from the 
living areas which were usually larger and hence were not as influenced 
by partitions. From plots of deflections for bedroom floors, uncorrected 
for partitions, it was determined that a reasonable performance criterion 
based on the one for living areas could be recommended but modified by 
the ratio of the design loads for living areas relative to that for 
bedroom areas. The resulting statement of the criterion follows.
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Y < 8.9 3.8 < L < 6.0

L 1>22 

Y S 1.75 L < 3.8

and the plot of information for bedroom floors (with deflections 
corrected for partition effects) and this criterion are shown in 
Figure 2. It is again noted that a fixed maximum deflection is recommended 
at 1.75 mm which is the same as for living area floors. This level was 
chosen partly because of experience with floors having this degree of 
flexibility and partly because the data do not support setting a higher 
limit.

Assessment of Field Acceptability Studies:

The work described above represents a rather unique data base in that 
for the first time, a fairly large sample of data was obtained specifically 
to assist in the development of performance criteria for residential floors 
through a combined consumer/engineering survey approach. To this point 
in time, we have relied upon traditional criteria to " keep us out of trouble" 
most of the time. With changing construction techniques and material use 
practices, more floors were being built that approached the limit of
acceptability. The cost of undertaking this manner of work is high but,
to have worthwhile results, it requires a concerted effort. That is not to
say that the survey results are totally unambiguous and that no further work
is required. Areas of study that have emerged from the above research that 
deserve further investigation will be discussed in the following.

(1) Criteria for spans under 3.0 meters: The data base did not
include very many floors having poor performance under a span of
3.0 meters. Based on the approximate upper limit of acceptable 
deflections for spans below this span, a maximum concentrated load 
deflection limit under a load of 100 kg was struck at 1.75 mm. This 
may seem arbitrary compared to the underlying principles involved for 
the performance of floors having spans over 3.0 meters. But the 
efforts required to find the sample in the above study and the lack of 
of sufficient poor performance below this span, suggest that the use 
of the selected limit should be effective. This does not place a 
restriction on the value of the criterion, rather it suggests that 
there may be a need to confirm that the criterion below a span of
3.0 metres is not too conservative. The issue can be studied by a 
relatively smaller subjective assessment investigation involving 
floors specially designed for the purpose. Most floors designed 
are greater than 3.0 meters in span. Shorter spans are often 
found however as a consequence of floor support positions relative 
to the partition layout. The proportion of floors under 3.0 meters 
is not likely to be large. Criteria for these floors would mainly 
affect the design of floors built with 2 x 4  and 2 x 6  joists.
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Figure 2. Effectiveness of the chosen criteria in defining 
acceptable floor performance using only the bed-
room floors.

19



(2) The field surveys discussed above did not provide any guidance 
on performance criteria for flooring deflection. In the limit, as 
the joists span becomes shorter, flooring deflections rather than 
floor system deflections may control acceptability. This matter is 
also best dealt with as a special study. The present performance 
requirements for floor sheathing specified by the American Plywood 
Association (Countryman et_. ad 1976) , although not derived by a formal 
subjective-based assessment procedure, are probably sufficiently 
conservative with the joist spacings they are intended for. For 
wider spacings, it is likely that a closer examination of required 
criteria should be made. This matter can best be dealt with through
a consumer-based sensory study, the majority of which can probably 
be done through laboratory studies of the dynamic human-flooring 
interaction in a simulated environment.

(3) The analysis of the field survey data showed that dynamic 
response under impulsive loading proved about as effective in 
discriminating poor performance floors as did deflection under 
point loading. No recommendation for a criterion based on this 
type of response was made because of the uncertainty of assigning 
appropriate damping coefficients for different floor constructions.
In part, this was because of the large variability in damping found 
in field testing based on a gross examination of the transient 
responses. Impacts often produce responses that are quite complex.
To isolate damping coefficients associated with a particular 
frequency is best undertaken by frequency analysis followed by 
mode selection and performing an inverse Fourier transform on the 
frequency selected to obtain the decay associated with that particular 
mode. The analysis capability for this work was not available at the 
time the field test data were obtained. All of the impulse response 
data was recorded on magnetic tape and remains available for re-
analysis with a suitable analyzer. Data for about 80 floors have 
been recorded and could provide valuable information about damping 
associated with different floor constructions.

A matter that is worth discussing briefly is that damping also 
depends on the load on the floor. The presence of load stresses 
the connections and a different degree of energy dissipation 
results than is available when the floor is not loaded.
This implies that the floors do not always behave as linear systems. 
Testing of floors in the Ottawa pilot survey showed that a substantial 
difference in damping could be obtained from floor to floor, but on 
average about 30 percent less damping resulted when a load of about 
100 pounds was placed on the floor. Placement of a man on the floor 
in a seated position increased damping by a factor of about 45 
percent compared with the relatively unloaded floor. This is mentioned 
to illustrate that the testing technique for determining damping capacity 
should consider the end application of the data. It also serves to
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illustrate that investigation of the interaction with humans is a 
difficult task indeed, unless simple models are selected.

Fortunately, as has been shown in the field survey, even without 
good estimates of the damping capacity of different floor constructions, 
reasonable correlation with acceptability is possible. More appropriate 
damping values and more appropriate analytical techniques should only 
serve to improve the discriminating ability of a criterion based on 
dynamic considerations.

(4) The recommended criteria for living area and bedroom floors are 
based on data for floors that extend up to 5.5 meters, with the majority 
of such floors having spans under 5.0 meters. Extrapolation of the 
boundary to 5.0 meters was thought to be justified partly because the 
acceptable floors to that region were properly classified and because 
Hansen's recommended limit of 0.9 mm was above the boundary (Hansen 
1972). Residential floors can extend beyond the spans noted here but 
they are more likely to be built using floor trusses than solid lumber.
Floor trusses used in residential applications can extend from 7.0
to 8.5 meters or more, depending on the layout of the residence. For 
spans over 5.0 meters in particular, dynamic considerations will 
undoubtedly be paramount in importance. Due to the relative sparseness 
of the data base for information about acceptable performance of spans 
over 5.0 meters, a study seeking this information would be desirable. 
Although the data base is comprised of only residential floors, and the 
extension of the data base for longer spans, again with the residential 
market in mind, is recommended, a fairly large market potential for 
floor trusses exists for industrial and office type occupancies- An 
extension of this work to those occupancies would be highly desirable.

(5) The recommended criteria are based on assumed mean stiffness information 
for materials that was gleaned from in-grade data as much as possible,
and from reference information, where in-grade information was not 
available (Onysko 1980). Based on the experience of securing that 
information and of justifying the values assumed, it is recommended 
that considerably more information about in-grade stiffness of materials 
commonly used for construction of floors are needed. In particular, data 
for in-grade stiffness of waferboard panels is needed in view of the 
extensive use of this material for subflooring. The information 
available for waferboard seemed to provide much higher values when 
tests were done using panel testers than when shorter and smaller 
specimens were tested in transverse loading. The manner in which 
loads are resisted by panel materials in floors is akin to the shear- 
free panel test data, however the discrepancy between some of the 
published full-panel mean test data and the small specimen tests is 
large enough that it cannot be explained away simply by accounting 
for shear deflection.

Work on obtaining the engineering properties of waferboard has been 
inititated by Forintek Canada Corp. at the Western Laboratory and with 
supporting investigations at the Eastern Laboratory.
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As the recommendations for the serviceability design of floors 
become considered for adoption by the building code in some manner, 
the need for developing in-grade data for other common materials will 
become more apparent. For example, hardwood strip flooring can provide 
a high contribution to floor acceptability. The only information 
that could be used for assessing its contribution came from data on 
small clear wood specimens (Jessome 1977). There is no current 
information relevant to hardwood strip flooring as it is produced 
for that market. The cost of obtaining information for more accurate 
assessment of hardwood strip flooring could be quite moderate consider-
ing that only nondestructive testing is required, and the material tested 
need not be removed from the market. Since its frequency of use as 
flooring is not high at the present time, the impetus for securing this 
information will have to come from the industry affected.

Finally, with a criterion based on concentrated load in place, a 
possibility exists that materials will be developed which will possess 
the properties desired to achieve acceptable performance when used with 
certain joists sizes. This has already been demonstrated as an example 
by Lau (1982) for waferboard who showed the effect of the degree of 
orientation of wafers on the resulting performance of nailed and nail- 
glued floors.

(6) Another approach to the establishment of acceptable performance 
that has recently been proposed for consideration is the baseline 
approach (King 1981). In this approach, specific floor constructions 
are deemed to be acceptable because they have been commonly used in 
the past. From performance of these commonly used floor systems, and 
the materials that have been used in them, extrapolation of acceptable 
performance to all other floor systems and other materials would be 
attempted. The manner by which this extrapolation would take place 
will depend on the model decided on for acceptable performance. The 
recently proposed criterion based on deflection under concentrated 
load (Onysko 1985a)could be used for this extrapolation. In addition, 
the location of these proposed " acceptable" floor constructions 
should be assessed relative to the boundary for acceptable performance 
derived from field research and accounting for variability in material 
properties.

REVIEW OF WORK AT OTHER LABORATORIES 

Forintek Canada Corp. - Western Laboratory (and UBC)

A rather important theoretical piece of work and an analytical program 
for floor performance was prepared by Foschi (1982). This program is 
powerful in that the number of unknowns is kept to a minimum relative 
to some other finite element analysis programs. This computer program, 
referred to as Floor Analysis Program (FAP), and the comparable finite 
element program prepared at Colorado State University, FEAFLO, are both 
large programs. The latter is set up on a commercial access basis with 
software marketing firms.
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The computer program has now been expanded to enable dynamic analysis 
of floors. Dr. Foschi is now with the University of British Columbia 
and there, he has been studying the complex interaction of floors with 
simple models representing humans on them. This interesting work should 
provide some insight into interactions that do occur, particularly when 
they can be generalized. In any case, this program represents a useful 
tool for study of these complex interactions and for comparisons using 
less complex models. One limitation which the model has at present is 
that the program does not yet include the effects of additional transverse 
stiffness which could represent the presence of bending element bridging 
or the presence of a transverse partition on the span.

Forest Products Laboratory - Madison

Over the years, a very considerable amount of work has been done on 
matters related to the use of wood in floors. The original subjective 
assessment work attempting to determine suitable criteria for wood joist 
floors was done at that laboratory (Russell 1954). Several of the basic 
studies originating from the FPL were used in the development of the 
floor analysis program (PERF) which was developed the Eastern Laboratory 
that used for the analysis of the field survey data. For example, based 
on the work of March (1942) an estimate of the flooring deflections under 
the action of concentrated loadings was extended to include up to three 
multiple layers of flooring materials. Also, the work by Kuenzi and Zahn 
(1975) was used for evaluating the equivalent stiffness of panel flooring 
when composite action was involved.

Finally, the work of McCutcheon (1977) for the analysis of floors having 
partial composite action of joists with flooring was used extensively to 
analyze the many complex flooring combinations encountered in the field.
The approach which he developed leads to a relatively simple calculation 
which is readily implementable for design purposes. McCutcheon has continued 
work in this area and has developed a beam-on-an-elastic foundation approach 
to the analysis of floors which compares well with the more complex approach 
used by FEAFLO ('McCutcheon et al. 1981, McCutcheon 1984). This simplified 
method was demonstrated for uniformly distributed loadings and an extension 
of the method is underway for concentrated loadings. The advantage for 
this simple approach is that relatively small computing power can be used 
to achieve a reasonable approximation, making the analysis accessible to 
most designers of floors both in engineering applications as well as for 
residential applications. Work will also be undertaken to study the 
computation of frequencies for floors of different constructions and test 
techniques will be considered.

The above cursory summary has not dealt with some work by other researchers. 
One notable piece of work will however be mentioned. Ohlsson (1982) at 
Chalmers University of Technology in Sweden has done an important study on 
matters related to the dynamic performance of floors and the behaviour 
of floors subject to footfalls. His discussions of model mass and damping 
ratios are of particular relevance to the issues involved in explaining 
how floors perform and how these matters impact on their acceptability.

23



RECOMMENDATIONS FOR RESEARCH

The approach taken in the following identification of useful research 
was to list a range of activities that should be undertaken without attempt-
ing to specify who or what organization should undertake any specific 
investigation. The ideas set down as being worthy of study are based on the 
assessments that have been put forward in this report.

The purpose of this research is to assist in implementing a better approach 
to serviceability design of wood based floor systems than now exist. The 
work done to date provides a start in that direction. The work defined in 
the following will assist in the pursuance of that aim.

The research proposed falls under one of the following broad aims.

1. development of performance criteria
2. development of understanding of performance
3. development of design information
4. development of design aids

In the process of undertaking one or another item for research, a contribu-
tion may be made to one or more of the above stated aims. However, it will 
be useful to organize the scope of investigations along these lines for 
clarity.

Specific studies recommended for the development of performance criteria 
are :

a) Investigation of performance criteria applicable for spans 
under 3.0 meters.

b) Investigation of performance criteria for flooring deflections 
between supporting joists.

c) Investigation of performance criteria for longer-span floors, 
say over 5.0 meters.

d) Continuation of investigations into the dynamic response of 
shorter-span floors (say over 3.0 meters) to see if dynamic- 
based performance criteria can be recommended at some time 
in the future.

e) Assessment of the impact of the proposed criteria based on 
concentrated loadings on floor design and an assessment of the 
use of the baseline approach to the setting and extrapolation 
of performance criteria.

Specific studies recommended to better understand how floors perform both in 
support of the determination of performance criteria and for the under-
standing of factors that will have to be accounted for in design are:

a) Investigation of the damping characteristics of light-framed 
wood floor construction including the documentation of existing 
field test data which includes this information.

24



b) Investigation of the dynamic interaction of humans with floors 
including the effect of body mass, sex of person, gait, non-
linear effects, etc., and modelling of same.

c) Investigation of other dynamic characteristics which may shed 
light on the manner in which floors demonstrate acceptability, 
such as by their mobility or impedance.

c) Investigation of testing methods required to evaluate the kind of 
dynamic response that is appropriate to service conditions. The 
response of floors is often non linear at higher excitation 
levels. Which test methods and what excitation levels should be 
used to assess performance should be investigated. The test 
methods studied should include transient effects of both an 
impulsive or step function nature, and steady-state vibration.

Specific studies which should be undertaken to obtain information that will 
be required for the implementation of performance criteria in design are:

a) Investigation of the influence of simulated field conditions on the 
residual performance of fasteners in floors.

b) Investigation of the influence of stress levels produced by 
occupancy loadings on the residual performance of fasteners 
in floors.

c) Determination of in-grade information on the stiffness of various 
wood-based materials used for floors, including waferboard, ply-
woods, particleboards, hardwood strip flooring, and parquet flooring.

d) Assessment of appropriate design recommendations for continuous 
joist floors.

e) Assessment of the manner in which bridging functions and an 
investigation of the influence of depth of joist material 
on bridging effectiveness.

f) Evaluation of the manner that assembly tables can best be set up 
to reduce the number of tables required to provide designers with 
as many options as possible to use the range of materials at their 
disposal.

Specific studies which should be undertaken to assist in the development 
of design aids are:

a) Development of relatively simple design aids to enable more 
ready acceptance of performance criteria based on concentrated 
static or dynamic loadings

b) Comparison of thoeretical response of test floors both in the field 
with analytical models consisting of both the above simpler approaches 
and with the more powerful models, such as FAP and FEAFLO. To this 
end, documentation of existing test data would be required.
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CONCLUSIONS

The research on development of performance criteria and related studies at the 
Eastern Laboratory and at a few other research institutions was reviewed. An 
attempt was made to draw together an assemblage of concepts from which a better 
understanding of floor performance can be derived. From this, a better 
appreciation of missing knowledge and of work required to implement proposed 
criteria and to develop new criteria was possible. This led to the setting 
down of a list of proposed research topics in the areas of (1) development 
of performance criteria, (2) development of a better understanding of per-
formance, (3) development of information that will be required for design, 
and (4) development of design aids that will enable more ready access of 
this approach to the design community.

The preparation of this document was initiated to facilitate a dialogue with 
other research organizations and individuals in coordinating an approach to 
additional research in this area. These include the Forest Products Laboratory 
in Madison, the Department of Civil Engineering at UBC, our own Western 
Laboratory and the Division of Building Research at NRC.

Given better performance criteria for the design of floors in the residential 
market, an opportunity will be available to the builders to better utilize 
materials used in floor construction and to the wood-products industries in 
the development of products in addition to those already available to builders 
for specific markets.
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