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FINAL REPORT 
TO THE CCMC CONSORTIUM 

ON DEVELOPMENT OF DESIGN PROCEDURES FOR 
VIBRATION CONTROLLED SPANS USING ENGINEERED WOOD MEMBERS

1.0 OBJECTIVE

The objective of this final report is to provide the CCMC Consortium with a recommended 
design approach for floors using engineered wood members to meet performance levels 
equivalent to that currently being provided by solid sawn lumber.

2.0 INTRODUCTION

Part 9 of the National Building Code of Canada contains requirements for floor joists (9.23.4.1) 
which include consideration of uniform loading and vibration control. The basis for the vibration 
controlled spans was supported by research conducted at Forintek Canada Corp. in the 1970's 
and 1980's.

Recently, manufacturers of engineered wood I-joists, floor trusses and other engineered wood 
products were asked by the Canadian Construction Materials Centre (CCMC) to provide 
evidence of conformance to the NBCC criteria. Since the criteria have been expressed in 
empirical form in the Appendix, and because the basis for the Forintek analysis method (PERF) 
is not readily accessible, it is difficult for the manufacturers to demonstrate conformance in a 
uniform manner.

Control of floor stiffness under the action of a concentrated load is a partial solution for providing 
vibration control for acceptable serviceability. In the longer term, a more complete approach to 
assuring dynamic performance will be developed to address vibration performance. In the 
foreseeable future however, there is a need to extend the NBCC approach to apply to wood 
I-joists and floor trusses and other engineered wood member floor systems.

A two phase approach was initially recommended to the industry to achieve this goal:

Phase I: Modification of Serviceability Models

• Modify the Forintek computer model (PERF) to accept engineered floor members and 
make comparisons between field and laboratory data.

• Examine the application of the CWC (NBCC) model using current information about 
engineered floor members.

• Compare the above two steps and discuss modifications to the NBCC span equation 
and accompanying tables to accommodate engineered wood products. Report to 
partnership consortium for discussion.
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Phase II - Adaptation of Approach for Implementation

• After discussion with manufacturers and users about construction variables affecting
the results, refine the proposal to include relevant features of engineered floor 
systems.

An interim report was prepared on work undertaken in pursuit of Phase I activities. This report
was issued on October 17,1995. In this document the Project Team reported the following:

• Assembly of T est Data: This included (a) assembly of test data for 3 floors at the 
FCC Québec Lab to be used for assessing the computer model involving wood 
I-joists, and (b) assembly of unpublished test data of tests on a wood truss floor 
conducted at the Ottawa laboratory of FCC in 1976-77 examining its behaviour with 
2x4 and 2x6 strongbacks.

• Request for Additional Test Data: A request for additional data was sent to CCMC 
Consortium for any test data on concentrated load testing of floors they could share 
with the Project Team. One data set was received but it was similar to (b) above, and 
it lacked certain specific material property information so it was not used for this 
report.

• A limited list of typical joist products was assembled from the product literature 
provided by members of the CCMC Consortium. These were selected, together with 
their material properties, for study of the Part 9 NBCC equation in relation to vibration 
controlled spans predicted by PERF. A limited evaluation was made of the impact of 
using PERF computed spans relative to current designs.

• A study of the influence of shear deformation in the analysis by PERF for all types of 
proprietary systems.

• A study of composite action between the subflooring and the joists or trusses. Current 
practices by some segments of the industry using the APA method were compared 
with the technique used for developing the solid sawn lumber span tables.

• Interim revisions of the computer model PERF were made to facilitate these initial 
comparisons.

In this final report, the work performed on tasks needed to achieve the objectives of the project
is described and recommendations for implementation are made.
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3.0 PROJECT TEAM

The CCMC Consortium consists of the following partners:

Participating engineered wood producing companies 
Canadian Construction Materials Centre (Bruno Di Lenardo)
Canadian Wood Council (Eric Jones): co-ordinator of the project on behalf of CCMC 
DMO Associates (Don Onysko)
Forintek Canada Corp. (Lin Hu)
Quaile Engineering Ltd. (Steve Boyd).

4.0 WORK COMPLETED SINCE THE INTERIM REPORT

4.1 Feedback from Manufacturers

On the basis of the discussions in the interim report, several manufacturers voiced a preference 
for use of the APA Method for computing the effect of partial composite action as opposed to the 
McCutcheon Method. This was mainly because they have already incorporated the APA 
approach into their design procedures for developing their current design tables. This matter 
was discussed by the Project Team and it was resolved that the form of the APA approach 
would be adopted for the final proposal. The final computational approach requires modification 
to existing programs; however, existing calculations for the fully composite and non-composite 
properties, using material properties built into existing computer code developed by the 
manufacturers, can continue to be used.

A second point of concern raised relates to the use of shear deformation in the analysis. One 
manufacturer suggested that we not include shear deflection as a factor in developing the 
analytical technique for engineered wood members. On examination of this issue it was found 
that while this was not of much concern for some product types, it was of much greater concern 
for others, and especially for truss products. In addition, it appeared that there was insufficient 
attention being taken to evaluate performance under shear compared with shear-free stiffness. 
This may be due to a lack of sufficiently simple test techniques to conveniently evaluate those 
shear properties.

The Project Team decided that the shear deformation would have to be accounted for. Given 
that some manufacturers have recommendations for shear deflection computation, and their 
effective shear properties have been, or can be determined, this should not impose any major 
difficulty. These properties may already be included in their data base. However, a more 
uniform approach in evaluating effective shear properties would be desirable.

4.2 Shear Stiffness Determination

All of the I-joist manufacturers provided bending stiffness (El) and shear deflection coefficients 
(K,). Most of the truss manufacturers provided only load tables or span tables; therefore, 
stiffness and shear deflection coefficient values had to be estimated. The following methods 
were used to estimate these values:
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1. Where the manufacturer provided load versus span information, two spans involving 
the same joist configuration were chosen and the El and Kg were calculated.

2. Where only a single L/360 span was provided, the El was calculated from the 
properties of the chord members. The shear deflection coefficient (f^ )was then 
calculated using the El of the chords and the L/360 span.

These methods only provide an estimate for this property, however, the numbers are sufficient 
to generate vibration controlled spans using the PERF program and to create the analytic 
procedure.

4.3 Partial Composite Action Assumptions

Some of the earlier studies reported in the literature to demonstrate the degree of partial 
composite action with joists were done without carefully considering the changes that occur in 
floors in the long term. The connections in floors that have been constructed and tested within a 
relatively short period tend to loosen over time. This loosening can be attributable to nail 
popping which results from shrinkage of the base material, in combination with direct withdrawal 
forces which the floor imposes in acting as a system to resist applied concentrated and uniform 
loadings. The clamping pressure developed between the subflooring and the joists by the nails 
gradually relaxes and may disappear entirely. Repeated stressing of the nail connections in 
shear also eventually reduces their apparent stiffness.

The continuity provided at joints in sheathing is also somewhat transient. In the short term, 
depending on the site conditions, panels absorb moisture and expand to provide substantial 
continuity for in-plane compression stresses in the flooring cover. These initial compressive 
forces may even shift the positions of individual sheets. On drying, some or all of the 
compression at joints between sheets may be lost.

The combination of shrinkage leading to a loss in fastener clamping capability, shrinkage related 
to loss of in-plane compression at joints, and the "working" of connections which leads to further 
reductions in apparent stiffness, all together lead to some loss in apparent floor performance 
under concentrated and uniform loads.

This loss for "aged" floors depends on the specific systems and particular circumstances 
involved. The Wood I-Joist Manufacturers Association (WIJMA) recently adopted the policy to 
ignore the benefits of continuity at joints. This policy is in agreement with the assumptions which 
were used in developing the span tables for the 1990 and 1995 editions of PART 9 of the 
National Building Code of Canada for solid sawn lumber floors with nailed subfloors. In that 
design exercise, because the McCutcheon method was used with a specific "design" load/slip 
modulus, the contribution of partial composite action was not very substantial for most nailed 
floors, being less for floors built using deeper stiffer members.

In APA method, on the other hand, the effects of lack of continuity at joints in the subflooring, 
fastener stiffness and "aging" were not fully decoupled from each other. This leads to a very 
specific construction coefficient for nailed floors that is believed to be optimistic, particularly for 
longer span floors involving deeper members. After examining this issue, the Project Team 
decided to continue to use the McCutcheon method within PERF (where the issues of joint
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spacing and fastener stiffness were decoupled) and to use the simpler APA method in the 
recommended simplified analytical approach for vibration controlled spans.

Implicit in this debate is what load/slip performance can be expected in the field. For the NBCC 
span tables, the load/slip modulus assumed for fasteners was 4800 lb/in/fastener (840.6 N/mm). 
The average fastener spacing was assumed to be 8 inches (noting that a 6-inch spacing is 
typically recommended at panel edges, and a 12-inch spacing in the field of the panel). The 
resulting "smeared" (averaged) load/slip modulus was 600 lb/in/inch of joist length. A recent 
unpublished study of load/slip moduli was prepared by Forintek for consideration by a Task 
Group examining the proposals leading to the 1995 edition of the Part 9 span tables. The 
results of that study are summarized in Table 1.

In this background research, CSP and OSB materials were employed, three fastener types were 
investigated, and a conditioning cycle was used to simulate wetting that often occurs on site. 
Actual floors were built using SPF lumber joists; they were conditioned in different ways, and 
finally, were carefully cut up into test samples. Testing was performed using an apparatus 
developed by Lau and George (1987) that held the parts of the single shear specimen to 
prevent rotation of the individual parts.

There were 21 tests for each combination of fastener/subfloor/condition. It is clear from the data 
presented in Table 1 that the assumed "design" load/slip modulus of 840.6 N/mm is of the right 
order of magnitude, and that it may be too high in some circumstances. The loss in slip 
modulus (at a slip of 0.4 mm), as a result of in-place wetting and drying of the subfloor, ranged 
from 30% to 57% for the CSP material and 32% to 44% for the OSB material tested. Flooring 
screws provided the highest moduli in general and demonstrated better connection under these 
circumstances.

The industry practice of installing flooring screws when the building is finally closed in will 
provide the best long term results, even under the worst of conditions. By making these 
connections at the time the floors are being prepared to receive the flooring finishes, drier 
conditions will prevail and the time will have passed when large construction loads are 
expected. For practical reasons, given conditions at building sites, there is currently no reason 
to assign higher design values for flooring screws at this time. Despite this, the building industry 
should be encouraged to continue to use the best techniques available to them.

This discussion does not preclude use of a higher load/slip moduli when appropriate recognition 
is made of the density of material used in the flanges, the subflooring thickness and when the 
fastener type and/or spacing can be expected to be installed. Given the effect of wetting on site, 
a substantial reduction in stiffness can be expected particularly when the base material dries so 
that friction is not involved. Tests to determine the fastener capability should not include friction 
between the subfloor and the substrate joined.

Finally, the assumptions about interconnections implied in the PERF analysis are:

• Nailed floors: minimum nailing conforming to "code" requirements - 4800 lb/in/fastener, 
assuming mean spacing of 8 inches/fastener leading to a load/slip modulus of 600 in/in, 
subflooring joints at 48 inches.
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• Glued floors: using elastomeric adhesives [Load/slip modulus = 50,000 Ib/in], no joints 
assumed in the subflooring.

• Floors with concrete topping: load/slip modulus as defined above for nailed or glued floors, 
no joints in the concrete/subfloor composite.

• Floors with ceilings: load/slip modulus for ceiling attachments are 2500 lb/in/fastener with 
ceiling attachment at 7 inches whether attached to ceiling strapping or directly to joists, joint 
spacing at 48 inches with no continuity assumed whichever direction sheets are installed.

4.4 Laboratory T est Comparisons

In support of this project, a comparison between computed deflections and test data for several 
case studies was made to provide confidence in the approach taken. These tests also tested 
the ability of the analysis program PERF to deal with floor systems not involving solid sawn 
lumber floors. These supplementary studies are included in this report as Appendices A and B.

Appendix A deals with field testing of office floors at the new Forintek facilities in Sainte-Foy, 
Québec. Forintek had access to three floors 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. Reasonable agreement was attained between 
measured and computed results when the floors were tested before partitions and laboratory 
furniture were installed.

Acknowledging that the flanges of the wood I-joists were of denser material than typical and 
accounting for the larger than typical nail size used, a higher load slip modulus was assigned 
(6250 lb/in/fastener). With this higher value, better agreement was obtained. When the concrete 
topping was applied, deflections were over-predicted even using this higher value. It was 
postulated that the weight of the concrete topping assisted in increasing frictional forces. 
Increasing the load/slip modulus to 10,000 lb/in/fastener, for example, resulted in good 
agreement at the mean. Another factor involves absorption of moisture from the concrete that 
may have lead to swelling of subflooring and tightening of the connections at the time of these 
tests. This suggests that when an engineered wood product is designed to use machine stress 
rated material of higher than normal density, a higher load/slip modulus can be assumed for it's 
attachment with subflooring.

Appendix B deals with laboratory testing of a truss floor that was used as a platform for 
evaluating the contribution of strongbacks using 2x4 and 2x6 material. When the shear stiffness 
of the trusses was properly accounted for, good agreement was obtained between measured 
and computed deflection profiles. These tests confirmed, in a general way, that strongbacks at 
the third points of the span create an effect about equivalent to having only one strongback at 
the centre of the span. Longitudinal deflection profiles taken under one truss showed the 
complex (but expected) deflection behaviour of the floor.

Both test series confirm the general suitability of the analysis techniques employed.
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4.5 Production Runs

In preparation for production runs of PERF on a selection of 66 joist products produced by 
members of the CCMC Consortium to provide a data base of results for developing the analytic 
method, it was decided that these runs would be limited initially to the following variables.

Spacing:
Subfloor Thickness: 
Subfloor Types:

Connection: 
Concrete Topping:

12,16,19.2, and 24 inches
5/8, 3/4, 7/8, 1.0, and 1-1/8 inches
DF Plywood (DFP), Canadian Softwood Plywood
(CSP), and OSB
nailed, and glued
1.5 inch, normal weight concrete - yes or no.

Bridging: The following cases-

List No.
PERF
Internal Description

1
Code
1 no bridging or strapping or ceiling

2 2 1x4 strap at centreline
3 3 cross bridging alone
4 4 1x4 strap + cross bridging
5 5 gypsum ceiling alone
6 11 1x4 strapping at 24” o.c. and 1/2” gypsum ceiling
7 12 1x4 strapping at 16" o.c. and 1/2” gypsum ceiling
8 13 1x4 strapping at 12” o.c. and 1/2” gypsum ceiling
9 14 1x3 strapping at 12” o.c. and a ceiling
10 15 2x2 strapping at 16” o.c. and a ceiling
11 16 2x4 strongback at centreline, no ceiling

This combination of variables resulted in a very large output data file (keeping in mind that there 
were 66 joist products for each permutation of variables). To minimize the size of files 
generated, it was considered sufficient to further limit the variables to only those involving 5/8- 
inch and 3/4-inch subflooring thicknesses. This was sufficient to provide the basis for developing 
the analytic technique and the protocols for establishing the constants in the procedures 
described in this report.

4.6 Development of the Analytic Method

The initial approach described in the interim report was discarded when it was appreciated that 
use of a reference span of the same species group for which there was an existing span table 
could not be used. Instead, given that the primary system behaviour that makes the analysis 
indeterminate is related to load-sharing, a technique based on the distribution factor (DF) was 
employed. This factor was output by PERF along with the span just meeting the deflection 
criterion for the specific system description, and the final apparent composite El of the flooring 
with the joist members. The second approach permitted the development of an industry-wide 
method that is based on the properties of proprietary products, yet can be accessed without 
direct application of PERF itself. Development of coefficients needed for all the floor system
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configurations that may eventually be considered useful by the building industry has not been 
attempted here.

5.0 NEW ANALYTIC APPROACH

In this section, we review the current NBCC equation and propose a revised approach that has 
been tailored for engineered wood members based on the range of products both within and 
between product classes (wood I-joists, trusses (metal plated, glued), LVL etc.).

5.1 The NBCC Equation for Vibration Controlled Spans

The NBCC equation provides a means for vibration control of floors built with solid sawn joists 
by limiting the deflection of a floor under the action of a concentrated load. For spans 3 meters 
and above, the original criterion on which the span tables are based is,

A =
8.0

1.3

where:
A = the maximum deflection of the floor acting as a system under the action 

of a 1 kN concentrated load (mm),
L = the floor span (m),

while for spans under 3 meters, the maximum permitted deflection under the 1 kN load is 2 mm.

In preparation for adoption of this recommended approach for the 1990 NBCC, the Canadian 
Wood Council, in co-operation with Forintek Canada Corp. prepared a design approach based 
on output of a combination of typical construction variables on which to base span tables with 
the output from the computer model PERF. The approach was based on calculating the span S, 
that resulted in a 2 mm deflection of a single joist supporting a 1 kN concentrated load at 
midspan. The span S| is then multiplied by a factor K to determine the vibration controlled span 
for the entire system. The equation for K follows:

In(/C) = A -  fl In
(  g  0.333

v
G

where:
A = a factor depending on subfloor sheathing thickness and joist spacing and 

bridging
B = a factor related to the effect of different bridging systems
G = a factor related to the connection between the subflooring and joists
S| = the span that results in a 2 mm deflection of the joist in question under a 

1 kN concentrated load at midspan.
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S184 = the span that results in a 2 mm deflection under the action of a 1 kN 
concentrated load of a 38 by 184 mm joist of the same species and 
grade as the joist in question.

When this equation was examined in greater detail it was realized that the coefficients A and B 
were interrelated, and were themselves related to the coefficient G. A different approach was 
then considered, as described in the following sections.

5.2 Proposed Method for Vibration Controlled Spans

The vibration controlled span for engineered wood products may be calculated as follows:

where:
Lv = Vibration controlled span

K, = 1.62 for in, lb units (6.46 for N, mm units)

EIB(f = effective composite bending stiffness (see 5.2.2)

DF = Distribution factor (see 5.2.4)

5.2.1 Steps for Iterative Solution

Since most engineered wood products are designed for bending and shear deflection, the 
following steps are required to determine the vibration controlled span. This procedure is easily 
carried out by computer.

(a)

(b)

(c)

(d)

(e)

choose a 

calculate 

calculate 

calculate

calculate

trial span Lv

^  jo ist at the trial

Eleff (see 5.2.2)

DF (see 5.2.4)

(  \

Lv = K1
{ DF j

1/4.3

(f) if Lv from (e) and (a) are different choose a new span and carry out steps (b) to 
(e). Continue until Lv at (a) and (e) are close.
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5.2.2 Effective Composite Bending Stiffness (El8ff)

The following equation may be used to calculate the effective composite bending stiffness of the 
joist and subfloor. It is the same equation given in the Wood I-joist Manufacturers Association 
"Policy for establishing I-joist Composite El" (July, 1994). However, the construction factor has 
been adjusted in order to match the vibration controlled spans produced by the PERF analysis 
program.

Eletf -  C x Elcomp + (1- C) x Eljojst

where:

C = construction factor given in Table 2 
Elcomp = bending stiffness of a fully composite section.
Eljoist = Apparent bending stiffness of the joist calculated at the trial span Lv 

(see 5.2.3)

In the calculation of Elcomp, the mean modulus of elasticity of the subfloor may be taken as 3144 
MPa (0.456 x 106 psi), which is appropriate for OSB and conservative for Softwood or Douglas- 
fir plywood. For a 20 MPa (3000 psi) concrete topping a mean modulus of elasticity of 17.8 x 
103 MPa (2.58 x 106 psi) may be used. This does not mean that more specific properties may 
not be used corresponding to the available subflooring materials on the market as 
recommended by the manufacturers. For simplicity and convenience in the NBCC span tables, 
materials of the same thickness were grouped together to reduce the number of assembly 
tables required. Given the large number of variables involved, some compromises need to be 
made when assembly tables rather than individual tailored designs are prepared.

5.2.3 Calculation of Apparent Bending Stiffness (Eljolit )

Using the fundamental properties of a specific joist product, the deflection of the joist under a 
concentrated load at mid-span may be calculated using the following equation:

A = P L 3 2PL
48 El Kt

where:

P = load 
L = span
El = Shear-free bending stiffness 
Ks = shear deflection coefficient

Using this formula the apparent bending stiffness at the trial span Lv can be calculated as 
follows:
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X

P L V 2 PL --------  + -------
48 El K8

1

In the case of laminated veneer lumber which has relatively low shear deflection the published 
apparent El value may be used for Elj0ist. However, if the shear properties of the product are 
substantially poorer than LVL currently on the market, the appropriate shear properties should 
be obtained and the product should be treated in the same way as all the other engineered 
wood members discussed here.

5.2.4 Distribution Factor, DF

The distribution factor is the portion of a concentrated load that a joist will receive in a floor 
system with the load located directly over the joist. This factor accounts for the transfer of load 
to the adjacent joists due to the action of the subfloor and bridging systems. The following 
formula may be used:

DF = A + B In

where:

A, B = constants from Tables 3 and 4 (or as determined in Section 5.3) 
Eleff = effective composite bending stiffness (see 5.2.2)
K2 = 1.0 x  106 for in, lb units (2.87 x 109 for N, mm units)

5.3 Coefficients A and B for Distribution Factor, DF

This section provides documentation for the method used in developing the coefficients for 
determining the distribution factor. Only a limited number of values have been provided in this 
report. As already defined, the distribution factor is the portion of a 1 kN (225 lb) mid-span 
concentrated load that is carried by a joist in a floor system directly under the applied 
concentrated load. The remainder of the load is spread out to the adjacent joists. Therefore, an 
estimate of the deflection of a joist in a floor system may be written as follows:

A 225 x L 3 

«  E l "
X DF [1]
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where:
A = deflection (in.)
L = span (in.)
Eleff = effective composite bending stiffness (in2- lb) 
DF = distribution factor

The vibration criterion is as follows (in Imperial units):

A 37,32

L 13
(in.) [ 2 ]

By equating equations [1] and [2], the distribution factor can be calculated from the PERF 
output as follows:

DF
7.969 Elefr

where:

[3 ]

Eleff = Effective composite bending stiffness from PERF output (lb • in2)
Lv = vibration controlled span from PERF output (in.)

The distribution factor depends upon the relative stiffness of the floor joists and the subflooring, 
the bridging system and ceiling system. The greater the relative stiffness of the floor joists, the 
less load that is transferred to adjacent joists and therefore the greater the distribution factor, 
i.e., the greater the portion of load retained there.

In the analytic approach described in Section 5.2.4, DF is calculated as follows:

DF A + B In
/ El on

2 /
[4 ]

The coefficients A and B were calculated by linear regression with the distribution factor (DF), 
calculated by equation [3], as the dependent variable and with In Ele(f as the independent 
variable. The data sets for each system examined consisted of the spans and distribution 
factors for the 66 joist or truss products represented in this study.

For other bridging systems or flooring systems not included in the tables of this report, including 
entirely new bridging systems, the following procedure should be used to calculate the 
coefficients A and B:

(a) Use the PERF program to generate Lv and Eleff for a wide range of floor joist 
and/or truss stiffness. If basic bridging properties for systems not yet built into 
the computer program, the appropriate bridging properties may be determined 
using existing CCMC test and analysis protocols.
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(b) Calculate DF from equation [3] for each of the joists.

(c) Carry out a regression analysis between DF and In Eleff to determine A and B in 
equation [4],

In this study, the regression equation predicted the actual DF with great accuracy (r2 = 0.99 
typically) with joist El values ranging between 100 x 106 in2 • lb and 4000 x 106 in2 • lb.
Therefore, the set of joist stiffness properties used in the PERF runs for new bridging systems 
can be any set of values in this range. Tables 3, and 4 contain the coefficients for some of the 
basic systems currently in use.

5.4 EXAMPLES

5.4.1 I-joist

The fundamental properties for an I-joist chosen for this example are as follows:

El = 161 x 10s lb in2 
EA = 9.9 x 106 lb 
d = 9.5 in 
Kj =4.27x10® lb

The floor construction is as follows:

• 5/8" Subfloor (E = 0.456 x 106 psi, EA = 3.42 x 10® lb, El = 0.111 x 10® lb- in2)
Note: The section properties noted here are those involved in composite action 
with the floor joist members. Sub flooring properties involved in transverse load 
distribution are already accounted for in the Distribution Factor, DF.

• field glued using an elastomeric flooring adhesive
• 12" joist spacing
• bare floor (no bridging, ceilings or strongbacks)

Calculation of vibration controlled span:

(a) Choose a trial span of 200" (16')
(b) Calculate E l** at L = 200"

1

PL 3 + 2 PL 

AS El Kt

^joist —
PL 3 _ PL 3 

48 A 48

2

El
96
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96

200
= 147.6x10® lb-in2

200

161 x 10® 4.27 x 10®

(c) Calculate Eleff

(i) Centroid of fully composite section:

IIEA • y)
I  EA

9 .9 x 4 .7 5  + 3.42x9 .81

9.9 + 3.42

= 6.05 in.

(ii) E lc o m p = I(E I +EA d2)
= 147.6 + 9.9 x 1,32 + 0.111 + 3.42 x 3.76:
= 212.8x10® lb -in2

(iii) E le f f = 212.8x0.85 + 0.15 x 147.6 
= 203.0x 10® lb -in2

(d)

(e)

Calculate Distribution Factor

DF = 0.265 + 0.00687 In (203.0) = 0.302 

Calculate Vibration Controlled Span

Lv = 1.62 ' 203 x 10®' 

k 0.302 ,

1/4.3

183 in.

(f) Since Lv = 183 in. try another iteration with Lv = 185 in. Steps (b) to (e) give 
Lv = 183 in. again. Since there is no change in span, the final Lv = 183 in.

Note: As long as the shear deflection is high, Eim  will not be overly sensitive to 
span and only two iterations at most are required to determine Lv.

5.4.2 Laminated Veneer Lumber

The fundamental properties of a particular LVL product are as follows:

El = 225x 10® lb -in2 
EA = 29.9x10® lb 
Size = 13 /4x9  1/2"
Shear stiffness is high and was ignored in this example
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The floor construction is as follows:

• 3/4" Subfloor (E = 0.456 x 106 psi, EA = 5.47 x 106 lb, El = 0.256 x 106 lb • in2)
• nailed according to common practices
• 16" joist spacing
• VA" concrete topping (E= 2.58 x 106 psi, EA= 61.9 x 106 lb, El= 11.6 x 106 lb • in2) 

Calculation of vibration controlled span:

(a) Calculate Eleff

(i) Centroid of fully composite section.

ÿ  = I  EA • v 
Z EA

29.9 x 4.75 • 5.47 x 9.88 ♦ 61 ,9x 11 

29.9 . 5.47 . 61 .9

= 9.02 in.

(ii) E U ,  = Z (El + EA d2)
= 225 + 29.9 x 4.272 + 0.256 + 5.47 x 0.862 + 11.6 + 61.9 x 1,982 
= 1029 x 106 lb- in2

(b)

.(c)

C= 1.5-0.10 In 16 x 29.9 x 10s
= 0.19

12 x 9.02

(iv) E\gff = 0.19 x 1029 + 0.81 x 225 = 378 x 106 lb- in2 

Calculate Distribution Factor 

DF = 0.104 + 0.00235 In (378) = 0.118 

Calculate Vibration Controlled Span

Lv = 1.62
378 x 10 

0.118

6 \ 1M.3

= 263 in.

5.5 Comparison Between Analytic Procedure and PERF

The PERF program was used to generate the vibration controlled spans for 66 different 
engineered wood joists and trusses as noted in section 4.5. The analytic procedure described 
above results in spans that are very close to the PERF results. As shown in Table 5, the 
maximum deviation from the PERF span for nailed and glued subfloors was 2" and 3”,

15



respectively. The average deviation was less than 1". For concrete toppings the analytic 
procedure was less precise with a maximum deviation of 6" (this occurred in a few spans) and 
an average difference of 1.75" for nailed subfloors and less than 1" for glued subfloors.

6.0 IMPACT STUDY

Tables 6, 7, 8, and 9 provide a summary of vibration controlled spans for a number of example 
products spaced at 16 in. on centre in a residential floor. The tables show the change in span 
that would result from the implementation of the vibration requirements. This change in span is 
based on the manufacturer's current span for a nailed floor.

For a bare floor (subfloor and joists only) all engineered wood products will require a shorter 
span in order to meet the vibration criteria. Long span products will have a greater reduction 
than shorter span products.

The addition of bridging and strapping, or a 2x6 strongback on edge, at the centreline will allow 
many of the moderate span products to be used at the current spans. Products with high 
stiffness and those having a low shear stiffness will require further measures to come up to their 
current span. The use of a glued % in. subfloor along with strapping and bridging or a 2x6 
strongback will allow 9 of the 23 products shown in Table 6.4 to be used at the current span for 
a nailed floor.

The use of a suitable concrete topping applied directly over the subfloor causes a large increase 
in the stiffness of the floor system. In almost all of the examples shown in Tables 6 and 7 
vibration will not govern the floor joist design when a concrete topping is used.

7.0 SUMMARY

The study reported here was undertaken to develop an appropriate analytic method for design 
of engineered wood members to meet the requirements for vibration control in Part 9 of the 
NBCC. The computer model used as a basis for developing the NBCC design approach was 
modified to account for information necessary to predict the performance of floors built using 
these products. The algorithms used in this computer program for these products were 
assessed to a limited degree in this report using data from floor tests in the laboratory and field. 
The program was then used to generate a data base of floor systems to develop the simplified 
analytic method.

The proposed simplified analytic method is moderately different from the method embodied in 
Part 9 of the NBCC. Whereas the equation in Part 9 is amenable to calculation using a 
calculator, the analytic method presented here requires more complex input of material 
properties. It can, however, be easily incorporated into computer programs by the 
manufacturers. The effective composite stiffness must be calculated which requires some effort 
compared with the NBCC equation. Secondly, the effective stiffness for many engineered wood 
members is sensitive to their shear properties. Since the permitted span for a given member 
section is not known initially, the solution is iterative - usually converging to the final span in two

16



or three iterations. The calculations for developing the analytic method were done using a 
spreadsheet program.

Details of the proposed analytic method and two examples are provided in section 5. Design 
coefficients for some of the common floor systems in use are provided in the attached tables.

The criterion for maximum spans for vibration control described herein is applied with the 
understanding that the traditional criterion for uniform live loading (L/360) continues to be in 
force. When construction techniques, such as the application of concrete topping, result in 
longer recommended spans than would be permitted under the long standing deflection 
criterion, the concentrated load criterion no longer holds. In the example of concrete topping, the 
floor properties used for assessing whether the L/360 criterion applies are those not involving 
that construction technique.

Matters related to load carrying capacity and design for safety are not addressed in this 
document.

8.0 RECOMMENDATIONS

The following recommendations arose out of the effort to assess assembly performance using
engineered wood members.

1. Some engineered wood systems are more shear sensitive than others. While some 
manufacturers have developed information on these properties and use them in their 
recommended designs, it was perceived that there is a lack of uniformity in the manner 
that this information has been obtained. Test standards exist for evaluating this 
information, however some of these techniques require considerable care and precision 
in measurement to obtain the information. Vibration techniques can be used to obtain 
this information but they are not yet standardized. It is recommended that this be 
pursued in order that more representative and more easily obtained information will be 
available for design.

2 Protocols for evaluating typical and proprietary bridging systems have been developed 
by CCMC. Current bridging properties built into PERF are based on "aged" floors and 
the estimates of those properties are considered to be conservative. As manufacturers 
develop bridging systems appropriate for their products, the properties should be 
assessed for input to programs, such as PERF. At the same time, some assessment of 
"aging", i.e., the decline in performance as a result of repeated use, is needed.
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TABLE 1. Mean Load/Slip Ratios at 0.4 mm Slip (N/mm) for Single Fasteners

FASTENER
TYPE

FLOOR
TYPE

5/8" CSP 
PLYWOOD 

SHEATHING

5/8" OSB 
SHEATHING

Spiral Nails 1 568 621
63.5 mm (2.5") 2 801 817
(hammered) 3 823 999

Power Driven 1 420 754
Nails (63.5 mm) 2 982 1267

3 986 1297

Flooring Screws 1 720 1015
(57.2 mm, 2.25") 2 1233 1802

3 1250 1777

N= 21 tests in each cell, tested as two fasteners in each specimen
Floor Type 1 was built at about 19-22% MC, water sprayed for 50 hrs. and dried to
10% MC
Floor Types 2 and 3 were built at about 19-22% MC, and dried to 10% MC.
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Table 2. Construction Factor "C

OVERLAY NAILED
SUBFLOOR

GLUED
SUBLOOR3

NO CONCRETE 
TOPPING

0.05 0.85

1 !4" CONCRETE 
TOPPING2

C = 1.5-0.10 In ' s EA '  

K . ÿ 2
0.92

Notes: 1. Symbols:

s = Spacing of joist (in or mm)

EA = Modulus of elasticity x cross-sectional area of the joist only (lb or N)

ÿ  -  distance from underside of joist to centroid of composite section (in or mm)

«3 = constant = 12 for units in Imperial units (in, lb)
= 2.1 for units in SI units (mm, N)

2. Concrete topping to be normal weight with a compressive strength of not less 
than 20 MPa placed directly on the subfloor. Light-weight concrete is not 
acceptable, nor is the use of a bond breaker between the concrete topping and 
the subfloor.

3. Adhesive should comply with CGSB standard CAN-CGSB-71.26 - M88.

The following is a list of guidelines for field-glued floors:

1. Follow panel and adhesive manufacturers' instructions.
2. Wood should be clean and dry.
3. Keep adhesive within specified temperature limits. Avoid use in freezing 

conditions, or excessively high temperatures.
4. Apply long side of panels across the joists.
5. Lay a 3 to 6 mm diameter bead of glue along the top of the joists in a loose zig

zag pattern. Where two panel ends will butt on joists, lay two beads (or a tighter 
zig-zag pattern) so that each panel end is fully glued.

6. Apply only enough glue to lay one or two panels at a time, unless the 
manufacturer's instructions permit a longer assembly time.

7. Nail down the panels promptly, before the specified assembly time is exceeded.
8. Use the correct nailing schedule in accordance with the building code.
9. For extra stiffness, a bead of glue may be squeezed between panels.
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Table 3. Distribution Factor Coefficients A and B for Standard Cases

Subfloor Spacing Bare Floor Strapping (1) Bridging (2) Strapping and Bridging
(mm) (in) A B A B A B A B

16mm 300 12 0.2650 0.00687 0.2490 0.00836 0.1060 0.0204 0.0373 0.0241
(5/8")

400 16 0.3500 0.00852 0.3320 0.0101 0.1350 0.027 0.0482 0.0311

500 19.2 0.4150 0.00933 0.3960 0.0111 0.1580 0.0316 0.0567 0.0364

600 24 0.5070 0.00914 0.4840 0.0113 0.1980 0.0365 0.0716 0.0429

19mm 300 12 0.2210 0.00584 0.2150 0.00643 0.1060 0.0158 0.0471 0.0197
(3/4“)

400 16 0.2930 0.00747 0.2850 0.00818 0.1340 0.0214 0.0607 0.0257

500 19.2 0.3490 0.0086 0.3390 0.0095 0.1580 0.0254 0.0700 0.0304

600 24 0.4310 0.00946 0.4190 0.0106 0.1940 0.0305 0.0850 0.0368

Notes 1. Minimum 19x89 mm strap at centreline
2. Minimum 38x38 mm x-bridging at centreline
3. Coefficients are applicable to nailed or glued floors



Table 4. Distribution Factor Coefficients A and B for Special Cases

Subfloor Spacing
(in)

Ceiling and Furring (1) 38x89mm Strongback (2) 38x140mm Strongback (3) 38mm Concrete Topping (4)
(mm) A B A B A B A B

16mm
(5/8‘ )

300 12 0.2360 0.00619 0.1260 0.015 0.0937 0.0112 0.0645 0.00355

400 16 0.3120 0.00781 0.1650 0.0197 0.1010 0.0171 0.1090 0.00225

500 19.2 0.3720 0.00887 0.1970 0.0229 0.1170 0.0206 0.1270 0.00227

600 24 0.4570 0.00939 0.2460 0.0269 0.1470 0.0248 0.1480 0.00311

19mm
(3/4-)

300 12 0.2050 0.00553 0.1300 0.0118 0.0974 0.00996 0.0544 0.00395

400 16 0.2730 0.00703 0.1680 0.0161 0.1060 0.0155 0.1040 0.00235

500 19.2 0.3270 0.00801 0.2010 0.0188 0.1210 0.0189 0.1230 0.00223

600 24 0.4030 0.00925 0.2500 0.0223 0.1510 0.0229 0.1430 0.00291

Notes 1. Minimum 19x89mm strapping at 600mm o.c. and 12.5mm gypsum board ceiling
2. 38x89mm strongback on edge at centreline
3. 38x140mm strongback on edge at centreline
4. Concrete topping to be normal weight, minimum 20 MPa (2900psi) at 28 days
5. Applicable to nailed or glued floors.



Table 5. Comparison between PERF and Analytic Procedure.

CASE
Maximum 
Difference 
In Span

Average 
Difference 
In Span

Nailed Subfloor1 2" < 1"

Glued Subfloor1 3" < 1"

Concrete Topping - Nailed2 Subfloor 6" 1.75"

- Glued2 Subfloor 4" < 1"

1 Each Case Represents 66 joists x 4 spacings x 2 subfloors x 7 bridging systems = 3696 
spans

2 Each Case Represents 66 joists x 4 spacings x 2 subfloors = 528 spans
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Table 6. Summary of Vibration Controlled Spans for Example Products - joists at 16" o.c., 5/8“ subfloor, nailed connection.

ro■c-

CASE TYPE 
NO. OF

FLOOR
JOIST

1 MODERATE 
SPAN I-JOIST

2 LONG SPAN 
I-JOIST

MODERATE SPAN 
LIGHT METAL 
WEB TRUSS

4. LONG SPAN 
LIGHT METAL 
WEB TRUSS

GLUED WOOD 
TRUSS

METAL PLATE 
CONNECTED 
WOOD TRUSS

TUBULAR METAL 
WEB TRUSS

STRUCTURAL
COMPOSITE
LUMBER

NOM. CURRENT DEFLECTION 
DEPTH RESIDENTIAL LIMIT 

(In.) SPAN (SPAN/DEFL)
(in.)

BENDING SHEAR 
STIFFNESS DEFLECTION 

El x 10*6 COEFF. K
(t>.inA2) (b x 10*6)

10
12

10
12
16

10
12

10
12

10
13

12
14 
16

20
22
24

8
10
12
14
16
18

171
208

228
273
344

160
180

201
236

216
270

270
294
324

372
396
420

169
221
276
326
372
419

480

480

360

360

360

360

600

360

140
250

352
602
1218

169
272

288
464

244
517

524
742
997

1835
2234
2705

100
225
440
720
1075
1530

22.2
25.3

4.98
6.22
8.38

0.536
0.573

0.639
0.763

2.43
2.06

1.97
1.63
1.78

22.67
24.21
23.11

5/8" NAILED SUBFLOOR

BARE FLOOR

VIB CHANGE 
SPAN IN SPAN 

(in) (In)

158
180

188
212
247

133
143

146
160

168
190

190
195
206

278
291
303

147
177
206
230
252
273

-13
-28

-40
-61
-97

-27
-37

-55
-76

-48
-80

-80
-99

-118

-94
-105
-117

-22
-44
-70
-96

-120
-146

STRAPPING AND 
BRIDGING

VIB CHANGE 
SPAN IN SPAN 

(in) (in)

185
207

216
240
276

167
178

181
196

194
215

220
226
238

306
318
330

174
203
233
257
279
300

0
-1
-12
-33
-68

0
-2

-20
-40

-22
-55

-50
-68
-86

-66
-78
-90

0
-18
-43
-69
-93

-119

2X6 STRONGBACK

VIB CHANGE 
SPAN IN SPAN 

(in) (in)

188
213

223
249
289

170
182

186
202

200
226

228
237
250

321
335
348

176
209
241
267
291
314

0
0
-5

-24
-55

0
0

-15
-34

-16
-44

-42
-57
-74

-51
-61
-72

0
-12
-35
-59
-81

-105

1.5- CONC. TOPPING

VIB CHANGE 
SPAN IN SPAN 

(In) (In)

236
267

272
307
361

227
250

245
272

252
294

292
311
333

400
419
438

216
258
299
333
364
393

0
0

0
0
0
0
0
0

0
0
0
0
-8
-26

Note: Where change in span Is zero, unilorm load requirements will govern



Table 7. Summary of Vibration Controlled Spans for Example Products - joists at 16" o.c., 5/8“ subfloor, glued subfloor

CASE
NO.

TYPE
OF
FLOOR
JOIST

NOM.
DEPTH

(in.)

CURRENT
RESIDENTIAL

SPAN
(in.)

DEFLECTION
LIMIT

(SPAN/DEFL.)

BENDING 
STIFFNESS 

El x 10*6 
(lb.inA2)

SHEAR 
DEFLECTION 

COEFF. K 
(lb x 10*6)

5/8" GLUED SUBFLOOR

BARE FLOOR STRAPPING AND 
BRIDGING

2X6 STRONGBACK 1.5" CONC. TOPPING

VIB
SPAN

(in)

CHANGE 
IN SPAN 

(in)

VIB
SPAN

(in)

CHANGE 
IN SPAN 

(in)

VIB
SPAN

(in)

CHANGE 
IN SPAN

(in)

VIB
SPAN

(in)

CHANGE 
IN SPAN 

(in)

1 MODERATE 10 171 480 140 22.2 173 0 199 0 204 0 272 0
SPAN I-JOIST 12 208 250 25.3 195 -13 221 0 229 0 301 0

2 LONG SPAN 10 228 480 352 4.98 199 -29 226 -2 234 0 315 0
I-JOIST 12 273 602 6.22 223 -50 251 -22 261 -12 348 0

16 344 1218 8.38 259 -85 287 -57 301 -43 401 0

3. MODERATE SPAT 10 160 360 169 0.536 159 -1 189 0 193 0 268 0
LIGHT METAL 12 180 272 0.573 173 -7 203 0 209 0 290 0
WEB TRUSS

4. LONG SPAN 10 201 360 288 0.639 170 -31 200 -1 207 0 295 0
LIGHT METAL 12 236 464 0.763 186 -50 217 -19 225 -11 321 0
WEB TRUSS

5. GLUED WOOD 10 216 360 244 2.43 182 -34 208 -8 215 -1 292 0
TRUSS 13 270 517 2.06 207 -63 233 -37 244 -26 334 0

6. METAL PLATE 12 270 360 524 1.97 206 -64 234 -36 244 -26 335 0
CONNECTED 14 294 742 1.63 215 -79 245 -49 256 -38 355 0
WOOD TRUSS 16 324 997 1.78 228 -96 258 -66 271 -53 376 0

7. TUBULAR METAL 20 372 600 1835 22.67 290 -82 317 -55 333 -39 434 0
WEB TRUSS 22 396 2234 24.21 303 -93 330 -66 347 -49 453 0

24 420 2705 23.11 315 -105 342 -78 361 -59 471 0

8. STRUCTURAL 8 169 360 100 160 -9 187 0 191 0 273 0
COMPOSITE 10 221 225 189 -32 216 -5 223 0 317 0
LUMBER 12 276 440 218 -58 244 -32 254 -22 361 0

14 326 720 242 -84 268 -58 280 -46 397 0
16 372 1075 263 -109 290 -82 303 -69 430 0
18 419 1530 284 -135 310 -109 326 -93 461 0

Note: Where change in span is zero, uniform load requirements will govern



Table 8 Summary of Vibration Controlled Spans for Example Products - Joists at 16" o.c., 3/4" subfloor, nailed

N>05

CASE TYPE 
NO. OF

FLOOR 
JOIST

NOM.
DEPTH

(in.)

CURRENT
RESIDENTIAL

SPAN
(in.)

DEFLECTION
LIMIT

(SPAN/DEFL.)

BENDING 
STIFFNESS 

El x 10*6 
(lb.inA2)

SHEAR 
DEFLECTION 

COEFF. K 
(lb x 10^6)

1 MODERATE 10 171 480 140 22.2
SPAN I-JOIST 12 208 250 25.3

2 LONG SPAN 10 228 480 352 4 98
I-JOIST 12 273 602 622

16 344 1218 8.38

3. MODERATE SPAN 10 160 360 169 0536
LIGHT METAL 
WEB TRUSS

12 180 272 0573

4. LONG SPAN 10 201 360 288 0.639
LIGHT METAL 
WEB TRUSS

12 236 464 0.763

5. GLUED WOOD 10 216 360 244 2.43
TRUSS 13 270 517 2.06

6. METAL PLATE 12 270 360 524 1.97
CONNECTED 14 294 742 1.63
WOOD TRUSS 16 324 997 1.78

7. TUBULAR METAL 20 372 600 1835 22.67
WEB TRUSS 22 396 2234 24.21

24 420 2705 23.11

8. STRUCTURAL 8 169 360 100
COMPOSITE 10 221 225
LUMBER 12 276 440

14 326 720
16 372 1075
18 419 1530

3/4" NAILED SUBFLOOR

BARE FLOOR STRAPPING AND 
BRIDGING

2X6 STRONGBACK

VIB
SPAN

(in)

CHANGE 
IN SPAN

(in)

VIB
SPAN

(in)

CHANGE 
IN SPAN

(in)

VIB
SPAN

(in)

CHANGE 
IN SPAN

(in)

165 -6 188 0 189 0
188 -20 211 0 214 0

196 -32 221 -7 225 -3
221 -52 246 -27 251 -22
258 -86 283 -61 291 -53

141 -19 171 0 171 0
152 -28 182 0 183 0

155 -46 186 -15 187 -14
170 -66 201 -35 204 -32

176 -40 199 -17 202 -14
199 -71 221 -49 228 -42

199 -71 225 -45 230 -40
206 -88 233 -61 239 -55
217 -107 245 -79 252 -72

290 -82 314 -58 324 -48
303 -93 327 -69 338 -58
316 -104 339 -81 351 -69

153 -16 177 0 177 0
184 -37 208 -13 210 -11
214 -62 238 -38 242 -34
240 -86 263 -63 269 -57
262 -110 285 -87 293 -79
284 -135 307 -112 316 -103

Note: Where change in span is zero, uniform load requirements will govern



Table 9 Summary of Vibration Controlled Spans for Example Products - Joists at 16" o.c., 3/4" subfloor, glued connection

CASE
NO.

TYPE
OF
FLOOR
JOIST

NOM.
DEPTH

(in.)

CURRENT
RESIDENTIAL

SPAN
(in.)

DEFLECTION
LIMIT

(SPAN/DEFL.)

BENDING 
STIFFNESS 

El x 10*6 
(lb.inA2)

SHEAR 
DEFLECTION 

COEFF K 
(lb x 10*6)

3/4" GLUED SUBFLOOR

BARE FLOOR STRAPPING AND 
BRIDGING

2X6 STRONGBACK

VIB
SPAN

(in)

CHANGE 
IN SPAN

(in)

VIB
SPAN

(in)

CHANGE 
IN SPAN

(in)

VIB
SPAN

(in)

CHANGE 
IN SPAN 

(in)

1 MODERATE 10 171 480 140 22.2 182 0 205 0 208 0
SPAN I-JOIST 12 208 250 25.3 205 -3 228 0 232 0

2 LONG SPAN 10 228 480 352 4.98 209 -19 233 0 238 0
I-JOIST 12 273 602 6.22 234 -39 259 -14 265 -8

16 344 1218 8.38 272 -72 297 -47 306 -38

3. MODERATE SPAN 10 160 360 169 0.536 170 0 195 0 197 0
LIGHT METAL 12 180 272 0.573 184 0 211 0 214 0
WEB TRUSS

4. LONG SPAN 10 201 360 288 0.639 181 -20 208 0 211 0
LIGHT METAL 12 236 464 0.763 198 -38 226 -10 230 -6
WEBTRUSS

5. GLUED WOOD 10 216 360 244 2.43 192 -24 215 -1 219 0
TRUSS 13 270 517 2.06 220 -50 241 -29 249 -21

6. METAL PLATE 12 270 360 524 1.97 218 -52 243 -27 249 -21
CONNECTED 14 294 742 1.63 229 -65 254 -40 261 -33
WOOD TRUSS 16 324 997 1.78 242 -82 268 -56 276 -48

7. TUBULAR METAL 20 372 600 1835 22.67 304 -68 327 -45 338 -34
WEB TRUSS 22 396 2234 24.21 317 -79 340 -56 352 -44

24 420 2705 23.11 330 -90 353 -67 366 -54

8. STRUCTURAL 8 169 360 100 169 0 193 0 194 0
COMPOSITE 10 221 225 200 -21 223 0 226 0
LUMBER 12 276 440 229 -47 252 -24 258 -18

14 326 720 254 -72 277 -49 284 -42
16 372 1075 276 -96 299 -73 308 -64
18 419 1530 298 -121 320 -99 331 -88

Note: Where change in span is zero, uniform load requirements will govern
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VALIDATION OF COMPUTED DEFLECTION PERFORMANCE: 
TESTS ON LABORATORY FLOORS AT 

FORINTEK CANADA CORP. IN QUÉBEC CITY 
USING WOOD I-JOIST MEMBERS

1.0 INTRODUCTION

This Appendix documents the properties and test results of static concentrated load testing of 
floors in the new Forintek facilities in Québec City. Access to the floors was available during the 
construction of the building. The initial tests were performed before the roof was constructed 
over the office floor area tested. These tests were conducted in February 1994. The second 
series of tests were conducted one week after the concrete topping was poured in May 1994, 
and the final tests were performed after the building was occupied in October 1994. These 
latter tests were considerably influenced by the laboratory work benches and partitions that had 
been installed. The floors were generally clear of laboratory furniture and partitions for the first 
two test series. The comparisons in this Appendix are largely restricted to these tests.

2.0 MATERIALS

The properties of materials employed in the construction are summarized in Table 1. Vibration 
techniques were used to evaluate the wood I-joist properties prior to shipment from the plant 
where they were manufactured. The general dimensions of the wood I-joists used are provided 
in Table 2. Some of the plywood used at the site was evaluated for stiffness the properties of 
which are also provided in Table 1.

The compressive strength of the concrete topping was evaluated using cylinder tests. Strength 
results were obtained for three cylinders for both 7-day and 28-day cure times. After 7 days of 
curing, the mean strength was 5000 psi (34.5 MPa), and at 28 days of curing the mean 
strength was 6000 psi (41.4 MPa). Using the empirical expression (in Imperial Units)

where w is the unit weight of concrete (usually taken to be 145 pcf), fc is the compression 
strength in units of pounds per square inch (psi) and E is the modulus of elasticity in psi, the 
estimated modulus of elasticity was 4.07 x 106 psi (28,100 MPa) at 7 days cure and 4.46 x10s 
psi (30,800 MPa) at 28 days cure. Final moduli at time of occupancy are not known. Although 
these aged properties are likely higher than those noted, they are not expected to be 
substantially higher.

The structural layout is described in Figures 1 through 4 for the floors with and without 
partitions.
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3.0 CONCENTRATED LOAD TESTS

The concentrated load tests were performed by setting up a bridge across the floor undergoing 
test. This bridge was supported at locations on the floor where no displacement was expected 
to occur. An electronic dial gauge (connected to a printer) was set up to measure the deflection 
of the floor relative to this bridge when load was moved on the floor from one position to 
another.

The transverse deflection profile was obtained by having a person, supplemented by weights to 
approximately 1 kN load, stand at the centre of the floor span directly over each joist in turn. 
The resulting deflection profile represents the same deflection profile that would have been 
obtained if the load had been positioned at the gauge location and the deflections of all joists 
had been measured individually. Due to non-linear performance and slight uncertainty in 
positioning, this was not fully achieved. The deflections were recorded three time and the 
average was reported. The deflection summaries are provided in Tables 3, 4, and 5 normalized 
for a 1 kN load. Profiles at two or three joist positions were evaluated in this way on each floor, 
as permitted by the circumstances at each location.

The deflection profiles are plotted in Figures 5, 6, and 7 for floors tested prior to placement of 
the concrete topping. Wood partitions were subsequently built on each floor and are shown in 
Figures 8, 9, and 10. Plotted deflection profiles for floors with and without concrete topping are 
shown in Figures 11,12, and 13. To show the effect of laboratory benches and partitions on a 
floor, three profiles are shown in Figure 14 for Floor B as an example .

4.0 COMPARISON WITH COMPUTED PERFORMANCE

4.1 Load/Slip Modulus

The fasteners used in this floor construction were 3" common spiral nails (3.10 mm equivalent 
diameter). The load/slip property that we have used uniformly for all solid sawn lumber span 
tables was 4800 lb/in/fastener for 2.5 inch common spiral nails (2.77 mm equivalent diameter). 
The increase in stiffness for the larger nail diameter is the ratio of the two diameters to the 1.5 
power, i.e., (3.10/2.77)15= 1.18. This is derived from a relationship in the Wood Handbook 
(1987) for load (p) at a reference slip of 0.015 inches (0.4 mm), a nail diameter (D), and a 
constant (Kg) dependent on the specific gravity of the wood,

p = K g D ' s .

One might further consider the effect of the density of the flange material. The flanges of joists 
used in this construction were MSR material with a E rating of 1.8 x 10® psi (12400 MPa) 
compared with 1.38 x 10® psi (9500 MPa) material normally assumed for SPF material. 
Assuming the relationship,

E = 3S00 G x 1000
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the estimated mean specific gravity (G) for an E= 1.8 x 106 psi is G=0.64. Referring to data in 
the Wood Handbook, an approximate value for the constant Kg for softwoods corresponding to 
this higher specific gravity range, the value 2200 was selected. With this value for Kg and a nail 
diameter of 3.1/25.4= 0.122 inches, the load at a slip of 0.015 inches is computed to be 93.8 
lb/fastener. This is equivalent to a unit load/slip modulus of 6250 lb/in/fastener (1095 
N/mm/fastener).

Using this value for the load/slip properties and the data summarized in Table 1, the computer 
program FRONTN was used to estimate the transverse deflection profiles of each of the floors 
A, B, and C both with and without a concrete topping. This computer program uses the same 
subroutines for analysis of the floor as does PERF, but is set up to make comparisons between 
measured and computed deflection profiles. Due to the influence of laboratory benches and 
partitions on the floors when the building was finally occupied, only cases involving the bare 
floor with and without concrete topping were examined.

4.2 Composite Properties and Equivalent Properties

For the properties of the concrete/subfloor composite, the transformed El and EA both parallel 
to and perpendicular to the joist direction were determined and provided as input to FRONTN. 
The joist properties available were the shear free bending stiffness (El) and the shear constant 
(K) for the cross section determined from test. The specific properties of the loaded joist were 
taken to represent the properties of all joists in the floor for each position of load. The apparent 
El was then calculated for the specific test span (using the subroutine APPARENT) prior to 
computing the total partial composite section properties (using subroutine PARCOMP which is 
based on the McCutcheon method), and analyzing the floor (using subroutine VERM).

4.3 Results

The maximum width of the floor included 13 joists, although there was some effect beyond that 
width when the concrete topping was involved in combination with the wood floor structure. The 
plots in Figures 15 and 16 show a comparison between computed and measured deflections 
normalized for a 1 kN load including both the loaded joists and the mean deflections of other 
joists in the floor on either side of the load position. Since the concentrated load was applied by 
having one of the project team members stand on the floor over the centre of a joist, the loaded 
area was defined as a 6-inch square (instead of a point load) to represent the contact area 
through which most of the person's weight passed.

The plots in Figure 15 are for 7 test profiles; 3 for floor "A", 2 for floor "B" and one for floor "C". 
The I-joist properties were known for floors "A" and "B" but were not evaluated for floor "C" as 
the intended joists were used elsewhere in the building. The individual maximum deflections 
depend to a great extent on the stiffness of the joist most directly loaded, as well as the joint 
pattern in the floor. Joists at which more butt joints occur will tend to deflect more on average 
than other joists in a floor. That appeared to be the case for 2 of the maximum deflections 
plotted.

Figure 16 shows the results when 38 mm concrete topping was added to the floor. The 
presumed load/slip modulus of 6250 lb/in/fastener was again assumed for this case. It is
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evident that PERF over-estimated the deflections given the assumed properties. Any number of 
assumptions could affect this. The actual assumed concrete modulus may have been higher; 
alternately the actual concrete thickness might have been higher. Neither hypothesis can be 
verified by measurements in place. Some unknown positive benefit was also likely derived from 
continuity of the concrete topping over the supports to adjacent spans. Also important is the 
assumed load/slip modulus. The rationalized value of 6250 lb/in/fastener had been assumed as 
for the previous case without concrete topping. However, with the mass of the concrete on the 
floor, there is a possibility that some additional friction may have occurred to supplement the 
lateral resistance provided by the nails alone. Another possibility is that the plywood absorbed 
water from the concrete and, for these early tests at least, swelling led to greater friction with 
the joists. As an example, if we were to increase the load/slip modulus to 10,000 lb/in/fastener, 
the comparison between computed and measured deflections, shown in Figure 17, 
demonstrates reasonable agreement across all tests at the mean.

5.0 CONCLUSIONS

In general, it is difficult to use field tests for validation of the ability of a computer program to 
predict performance because all needed properties are not available. Despite this, reasonable 
agreement was obtained between computed and measured results. Where deviations were 
found, reasonable causes could be put forward to explain them. Therefore, we feel we can 
make reasonably conservative assumptions for serviceability design involving this type of 
system.
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Table 1. Design, Configuration, C onstruction and Components of Floors

Floor A Floor B Floor C

UDL Deflection Design 
Criterion L/600 L/575 L/575

Clear Span (m) 7.565 5.602 5.873

Supports Two parallel edges resting 
on two supporting walls

Two parallel edges resting 
on two supporting walls

Two parallel edges resting 
on two supporting walls

Spacing (m) 0.406 (16") 0.406 (16") 0.406 (16”)

Number 22 22 22

Type 24" TJI/421 16" TJI/421 16" TJI/421

Joist
Mean El 
(MN m2) 7.796 3.033 No test data available

Mean KGA 
(MN) *5.947 *2.994 No test data available

Bridging None None None

Supports Top mount joist hanger Top mount joist hanger Top mount joist hanger

Type 18.8 mm Canadian 
Softwood Plywood, 6 plies

18.8 mm Canadian 
Softwood Plywood, 6 plies

18.8 mm Canadian 
Softwood Plywood. 6 plies

MOE//face 
grain (GPa) 6.528 6.528 6.528

Sub-
MOEiface grain 

(GPa) 2.499 2.499 2.499
flooring

G in plane(GPa) 0.425 0.425 0.425

Joint No T&G, no glue No T&G, no glue No T&G, no glue

Attachment 
to joist

3" Spiral Nail without glue, 
about 205 mm o.c.

3” Spiral Nail without glue, 
about 205 mm o.c.

3" Spiral Nail without glue, 
about 205 mm o.c.

Type Normal Weight Normal Weight Normal Weight

Topping
Thickness 1.5" 1.5" 1.5"

Notes:
1 * indicates that the shear rigidity was determined by assuming that web carries shear

stress.
2 There was no mechanical attachment at the interface between the plywood subflooring 

and the concrete topping.
3 All floors were designed for a dead load of 50 psf, and a live load ot 75 psf.
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Table 2. Section Configuration of 24" T JT/421 and 16" TJ1/421 joists

Description o f TJI/421 joists:

Top and bottom flanges of 2x4, 2100f - 1.8E Machine Stress Rated lumber with 7/16" 
Performance Plus™ web.

Section Configuration:

3 1/ 2 ”

£

T

1 1/ 2 "

II

9 1/2", 117/a", 
14" or 16"

References:

Trus Joist MacMillan Limited. Residential Applications: Specifier's Guide to the Silent floor 
System.

Trus Joist MacMillan Limited. TJI/421 Performance Plus™ Joists.
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Table 3. Deflections at Centre of Floor Joists under 1 kN Load
(Before concrete topping was in place)

1 kN Load 
at Centre 
of Joist 

No.

Deflections (mm) Measured by Dial Gauge at Centre of Joists

Floor A Floor B Floor C

Joist 10 Joist 12 Joist 14 Joist 7 Joist 11 Joist 10 Joist 12 Joist 14

1 0.006 -0.003 -0.003 0.002 0.007 0.013 -0.004 -0.014

2 0.023 -0.001 -0.000 0.004 0.011 0.016 0.002 -0.018

3 0.012 -0.005 0.005 0.006 0.024 0.017 -0.001 -0.009

4 0.011 -0.005 0.005 0.007 0.028 0.015 -0.009 -0.009

5 0.013 -0.005 0.005 -0.048 0.032 0.015 -0.005 -0.015

6 0.013 -0.004 0.005 -0.247 0.034 0.024 -0.002 -0.017

7 0.016 -0.006 0.006 -0.681 0.032 0.017 -0.008 -0.023

8 -0.044 -0.006 0.009 -0.337 0.042 -0.041 -0.015 -0.027

9 -0.220 -0.013 0.007 -0.071 0.019 -0.210 -0.015 -0.013

10 -0.601 -0.053 0.006 0.004 -0.22 -0.725 -0.082 -0.023

11 -0.329 -0.312 0.001 0.017 -0.932 -0.400 -0.297 -0.016

12 -0.042 -0.683 -0.041 0.022 -0.462 -0.054 -1.094 -0.057

13 -0.002 -0.434 -0.227 0.024 -0.173 0.021 -0.390 -0.293

14 0.017 -0.080 -0.601 0.030 -0.079 0.044 -0.114 -0.932

15 0.028 -0.024 -0.315 -0.061 0.058 -0.052 -0.490

16 0.035 -0.011 -0.145 -0.052 . 0.064 -0.037 -0.158

17 0.042 -0.011 -0.003 -0.045 0.066 -0.021 -0.064

18 0.060 -0.007 0.011 -0.033 0.066 -0.018 -0.047

19 0.051 -0.002 0.021 -0.025 0.073 -0.014 -0.032

20 0.051 -0.001 0.023 -0.023 0.077 -0.012 -0.017

21 0.051 -0.005 0.023 -0.022 -0.010 -0.009

22 0.056 -0.005 0.027 -0.014 -0.001 -0.003

Notes: See Figures 1-3 for joist arrangement and Figures 4-6 for the deflection profiles.
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Table 4. Deflections at Centre of Floor Joists under 1 kN Load
(After concrete topping was in place)

1 kN Load 
at Centre 
of Joist 

No.

Deflections (mm) Measured by Dial Gauge at Centre of Joists

Floor A Floor B Floor C

Joist 10 Joist 12 Joist 14 Joist 7 Joist 11 Joist 10 Joist 12 Joist 14

1 0.077 -0.028 0.035 0.012 0.011 0.009 0.003

2 0.023 -0.028 0.030 -0.008 0.007 0.001 -0.003

a 0.019 0.002 0.027 -0.034 0.004 -0.004 -0.003

4 0.006 -0.037 0.028 -0.073 0.002 -0.014 -0.004

5 -0.007 -0.042 0.026 -0.121 -0.004 -0.026 -0.005

6 -0.028 -0.055 0.025 -0.179 -0.018 -0.048 -0.005

7 -0.055 -0.071 0.023 -0.223 -0.040 -0.088 -0.007

8 -0.091 -0.100 0.016 -0.187 -0.074 -0.127 -0.012

9 -0.130 -0.099 0.004 -0.135 -0.118 -0.168 -0.028

10 -0.156. -0.129 -0.017 -0.087 -0.174 -0.194 -0.045

11 -0.131 -0.169 -0.046 -0.050 -0.206 -0.162 -0.079

12 -0.090 -0.192 -0.080 -0.027 -0.174 -0.123 -0.115

13 -0.053 -0.159 -0.124 -0.015 -0.124 -0.090 -0.157

14 -0.026 -0.132 -0.154 -0.007 -0.081 -0.064 -0.184

15 -0.006 -0.085 -0.125 -0.004 -0.048 -0.043 -0.161

16 0.008 -0.067 -0.080 -0.004 -0.026 -0.030 -0.125

17 0.018 -0.032 -0.042 -0.005 -0.013 -0.024 -0.086

18 0.024 -0.020 -0.010 -0.006 -0.005 -0.021 -0.058

19 0.026 -0.011 0.013 -0.007 -0.003 -0.019 -0.035

20 0.031 -0.003 0.031 -0.008 -0.002 -0.018 -0.022

21 0.041 0.006 0.047 -0.007 0.003 -0.016 -0.004

22 0.043 -0.015 0.057 0.000 0.010 0.004 0.025

Notes: See Figures 1-3 for joist arrangement and Figures 8-10 for the deflection profiles.
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Table 5. Deflections at C entre of Floor Joists under 1 kN Load 
(After partitions and Lab. equipm ent were in place)

Deflections (mm) Measured by Dial Gauge at Centre of Joists

at Centre Floor A Floor B Floor C
of Joist No.

Joist 11 ‘Joist 12 Joist 8 Joist 12 Joist 11 Not available

1

2

3 -0.004 -0.011 0.013 0.003

4 -0.004 -0.014 0.013 0.003

5 -0.009 -0.005 -0.040 0.013 0.006

6 -0.086 0.013 0.004

7 -0.153 0.013 -0.010

8 -0.195 0.007 -0.037

9 -0.164 -0.017 -0.081

10 -0.106 -0.076 -0.103 -0.040 -0.119

11 -0.126 -0.111 -0.064 -0.081 -0.140

12 -0.108 -0.130 -0.030 -0.101 -0.103

13 -0.078 -0.114 -0.016 -0.086 -0.060

14 0.000 -0.025 -0.005

15 0.000 -0.017 -0.003

16 0.000 -0.016

17 0.000 -0.014

18 -0.013 -0.014 0.000 -0.012

19 -0.009 -0.006 0.000 -0.012

20 -0.007 -0.004 0.000 -0.012

21 0.000 -0.004

22 0.000 -0.004

Notes:
1 See Figures 1-3 for joist arrangement, Figures 7, 11, 12 for locations o f partitions and 

Figure 13 for the deflection profiles o f floor B.
2 * indicates that the exact location of gauge was between joists 12 and 11, 50 mm away from joist 12.
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Figure 2. Framing layout for floor "A".
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Deflection Profile of Floor A
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Deflection Profile of Floor A
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Figure 5. Maximum deflection profiles for joists in floor "A" before concrete topping
was poured under the action of a concentrated load of 1 kN.
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Figure 6.

Deflection Profile of Floor B

Deflection Profile of Floor B

Maximum deflection profiles for joists in floor "B" before concrete topping 
was poured under the action of a concentrated load ot 1 kN.
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Deflection Profile of Floor C

Deflection Profile of Floor C

Deflection Profile of Floor C

0 I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23
Number of Joists

Figure 7. Maximum deflection profiles for joists in floor "C" before concrete topping
was poured under the action of a concentrated load of 1 kN.
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Figure 8. Partitions on floor "A".
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VO Figure 10. Locations of partitions on floor "C".
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Deflection Profile of Floor A
(Dial Gauge at Joist 12)

• - Floor without Topping Floor with Concrete Topping

Deflection Profile of Floor A
(Dial Gauge at Joist 14)

Figure 11. Maximum deflection profiles for joists in floor "A" before
and after concrete topping was installed (at age 7 days),
under the action of a concentrated load of 1 kN.

Appendix A - Quebec Lab Floor Tests A20



D
ef

le
ct

io
n 

un
de

r 
lk

N
 L

oa
d 

(n
un

)

Deflection Profile of Floor B
(Dial Gauge at Joist 7)

Floor will jt Topping Floor with Concrete Topping |

Figure 12. Maximum deflection profiles for joists in floor "B" before 
and after concrete topping was installed (at age 7 days), 
under the action of a concentrated load of 1 kN.
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Deflection Profile of Floor C
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Number of Joists

• -  Floor without Topping ▼ Floor with Concrete Topping

Deflection Profile of Floor C
(Dial Gauge at Joist 14)

• -  Floor without Topping ▼- Floor with Concrete Topping

Figure 13. Maximum deflection profiles for joists in floor "C" before 
and after concrete topping was installed (at age 7 days), 
under the action of a concentrated load of 1 kN.
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Figure 14. Deflection profiles at three joists in floor "B" showing the effect of 
installed partitions and laboratory benches.



PE
R

F 
C

om
pu

te
d 

D
ef

le
ct

io
ns

 (
in

ch
es

)
Quebec5.xls

>
i

oca
S'
r*
o-

5T

Q uebec Laboratory Floors, No Concrete Topping  
Load Slip Modulus = 6250 lb/in/fastener

Measured Deflections (inches)

Figure 15. 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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Figure 16. Comparison between the computed and measured deflections under concentrated load 
after 38 mm concrete topping was installed, for floors "A", "B", and "C".
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Figure 17. 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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VALIDATION OF COMPUTED DEFLECTION PERFORMANCE:
TESTS ON A WOOD TRUSS FLOOR AT THE 

EASTERN FOREST PRODUCTS LABORATORY

1.0 INTRODUCTION

In 1976, a member of the Truss Plate Institute of Canada (TPIC) provided the Eastern Forest 
Products Laboratory in Ottawa (EFPL) (now part of Forintek Canada Corp.) 11 wood trusses 
for the purpose of constructing a test platform for static and dynamic tests of floors. The test 
work was completed during the 1976-77 fiscal year. Some of the results were reported directly 
to TPIC at a meeting they held that year at the Eastern Laboratory, however, the results 
remain largely unreported. This Appendix will provide some of the information obtained at that 
time for the purpose of demonstrating the ability of the computer program PERF to predict the 
concentrated load performance of the test floor both with and without strongbacks. While the 
test floor was also used to assess interactions with full height partition walls, that information is 
beyond the scope of this Appendix.

2.0 DESCRIPTION OF THE TEST FLOOR AND ITS VARIATIONS

The trusses were 12 inches (308 mm) deep. They were fabricated using 2x4 D-Fir chords on 
the flat and wooden verticals and diagonals of the same size. The trusses were 20 feet long 
and the floor was supported on half-height 2x4 stud walls sheathed with OSB on one face.
This was done to provide sufficient clearance to permit modifications to the floor, and to 
position and read dial gauges during the tests. The trusses were spaced at 19.2 inches (488 
mm). The subflooring panels were T&G 14 mm D-fir plywood which had been supplied to the 
Laboratory for evaluation. The floor plan was 20 feet long by 16 feet wide (measured center to 
center of the edge joists). The span was 233 inches (5.918 m). The edge trusses were 
supported by struts spaced at 5 feet that were bolted to the laboratory floor to provide secure 
edge support. The subflooring was attached to the trusses by standard 2.5-inch spiral nails at 
the nominal spacing of 12 inches in the field of the panels and 6 inches at edges.

3.0 MATERIAL PROPERTIES

The stiffness of each truss was evaluated using third point bending in a universal testing 
machine on the same span intended for the floor. The stiffness was the apparent El and it was 
not thought necessary at the time to obtain either the corresponding shear-free stiffness or the 
shear coefficient. The results of these tests are provided in Table 1.

The 14 mm plywood subflooring stiffness was determined by full panel tests about the two 
major panel axes. On the centreline, where the uniform line load was to be placed, the sheet 
was clamped between two straight narrow timber pieces to minimize curvature caused by 
eccentric material properties and to provide a platform for placing steel weights to provide 
several loading stages. The maximum deflection was measured at the free edges for each 
loading stage. The results of these tests are provided in Table 2.

The flatwise stiffness of the 2x4 and 2x6 strongbacks were evaluated by centre point bending 
tests. The modulus obtained from these tests was used to calculate the on-edge stiffnesses of
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two pieces of each size, the mean values being 7.5 x 106 lb-in2 and 29.8 x 106 lb-in2 for the 
2x4 and 2x6 strongbacks, respectively.

4.0 TEST METHODS

The test conditions were constant throughout the test period as the environmental conditions 
in the laboratory were 21"C and 65% relative humidity. Under these conditions it is expected 
that, on average, the wood trusses would attain and be maintained at 12% moisture content. 
Also under these conditions it is expected that changes to the floor assembly would be 
marginal, except for the effects of repeated loading.

Upon constructing the floor, and before each test series, the floor was "worked" by having 2 to 
3 persons walk on it. Also when the load trolley was employed for applying the concentrated 
load, it was rolled back and forth across the center of the floor prior to taking any deflection 
measurements.

Some concentrated load tests were also performed using a 100 kg load represented by a 
technician whose mass was supplemented by two lead weights, one of which he stood on to 
provide a defined load area. In other cases, a trolley with steel weights was rolled across the 
floor along the centreline across the joists. This trolley represented a weight of 1.379 kN (310 
lbs). The centre of the trolley was marked, and had symmetrically located wheels 173 mm 
apart. A mirror was attached to the trolley so that a line of sight from one edge of the floor was 
directed at the floor surface to enable the centre of the trolley to be precisly located over the 
trusses by the operator.

Deflections were measured using dial gauges located directly under each truss centreline. 
These gauges were supported by a stiff gauge beam, which was itself independently 
supported by equally stiff beams resting on the walls that supported the floor. A complete set 
of deflections at each truss location was obtained for each position of load. A large number of 
profiles were obtained, but only a few key profiles will be selected for the comparisons 
reported in this Appendix.

5.0 TEST CASES EVALUATED

The specific cases examined here are:

basic floor (no bridging, or strongbacks)
2x4 strongback at the centreline of the span 
2x4 strongbacks at the 1/3 points of the span 
2x6 strongback at the centerline of the floor 
2x6 strongbacks at the 1/3 points of the span

The strongbacks were attached to verticals in the trusses with two 3-inch #10 wood screws at 
each crossing point. Other means of positioning and attachment were also examined but are 
not reported in this Appendix.
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6.0 RESULTS

The deflection profiles for the basic floor (without strongbacks) were examined. The basic test 
cases taken at intermediate times and at the end of all the test series (after many repetitions of 
loading with the trolley and by people) was essentially the same as it was at the beginning of 
the test program. If any change occurred, it was during preliminary tests, and while the floor 
conditioned in place after construction.

As a measure of the benefits that results when strongbacks are emplyed, Figure 2 shows the 
composite maximum transverse deflection profile for concentrated load moved from one edge 
of the floor to the other. The profiles are shown for the case on no bridging, and for the case 
of two strongbacks, 2-2x4 and 2-2x6 respectively. A very substantial reduction in maximum 
deflection resulted from the installation of strongbacks.

Individual deflection profiles for the central truss in the floor are provided in Table 3. However, 
for purposes of comparing the measured deflections with computed deflections, the average 
stiffness of 5 central trusses in the floor was determined for analysis. As well, a composite 
deflection profile was determined from the individual profiles as it represents the best average 
to use for comparisons for each case. Joints in the subfloor result in a degree of discontinuity 
that permits some trusses to deflect more than others. Since the version of the computer 
program (PERF) being tested assumed all floor members to be of the same stiffness and the 
plywood subflooring to have a common stiffness, this was thought to be the most logical 
approach. The average plywood stiffness obtained from test was assumed. The load/slip 
modulus of 4800 Ib/in was assumed for the fasteners, which were further assumed to be 
spaced at an average of 8 inches (accounting for the total number of fasteners that were used 
in each truss).

Initial comparisons between computed and measured deflections showed that PERF under
estimated the floor deflections produced by the trolley load by from 10% to 15%. It was thought 
that there might have been some settling of the trusses on the wall supports. However, since 
considerable care had been taken to minimize this effect, other potential causes were 
examined. In reviewing the data, and in light of other findings in this project for CCMC, it was 
realized that the apparent El of the trusses had been obtained using 1/3 point loading. The 
average apparent El of all trusses was 365.5 x 106 lb-in2 and the estimated shear-free El 
based on the stiffness of the chord material alone was estimated to be 524.5 x 106 lb-in2. This 
information allowed for an estimate of the apparent El for load applied at midspan on a test 
span of 233 inches. The resulting value was determined to be 301.2 x 106 lb-in2, a reduction of 
about 17% for this particular truss configuration. Using a reduced stiffness value in this amount 
for the central 5 truss members resulted in substantially better agreement for both the basic 
floor, and for the floor with strongbacks of all types.

The central deflection in the floor and deflections of trusses on one side were used in plots 
comparing computed and measured deflections. This was done because both the composite 
measured profiles and the computed deflection profiles were symmetrical.

Figure 3 provides a comparison of computed versus measured transverse deflection profiles 
for all 4 strongback cases listed. Figure 4 shows the comparison for single 2x4 and 2x6 
strongbacks located at the middle of the floor. Figure 5 shows a similar comparison for the
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case of 2x4 and 2x6 strongbacks loacted at the 1/3 points of the span. From earlier work at 
EFPL, it had been determined that bridging located at the 1/3 points of the span was only as 
effective in reducing the maximum deflection (under a floor member with a concentrated load 
at the centre of the span) as a single line of bridging at midspan. This figure confirms that 
conclusion. The stiffness of strongbacks assumed for the computation of this case was the 
same as for the previous case, i.e., one strongback at the transverse centreline of the floor.

While this simplification makes things slightly easier for analysis, the actual behaviour is 
somewhat more complicated. Figure 6 presents a composite longitudinal profile when the load 
was rolled from one end of the floor to the other with deflection measurements taken at 
numerous locations along the central joist in the floor with no strongbacks. Figure 7 shows the 
composite longitudinal member profile when a single strongback was installed at the midspan 
location. It is evident that slightly higher deflections occurred away from the centreline where 
the strongback was located. A comparable case for two strongbacks is shown in Figure 8.

From this and other work, we have concluded, that if more than one strongback is considered 
needed for a floor, it is most effective to space them symmetrically about 1/8 of the span on 
either side of the centre of the floor rather than at the third points of the span. Traditional 
practices concerning use of bridging were probably driven by the need to restrain warping of 
floor joists while they dried out. If relatively dry material is used, the need to control warping is 
less necessary; the derived benefit of load sharing under static concentrated loads and 
dynamic loads is the prime benefit from use of bridging.

7.0 CONCLUSIONS

The comparison of computed and measured results for concentrated load tests on a truss floor 
were relatively satisfactory. It was necessary to use the apparent bending stiffness of the 
trusses evaluated for the case of midspan loading. These tests confirmed that the effect of 
distributing bridging (in this case, strongbacks) at the third points of the span did not 
contribute to reducing maximum deflections at the midspan of the floor any more than does a 
single line of bridging. Longitudinal profiles confirm that the influence of strongbacks on the 
deflected shape of floor members is affected by the location of the strongbacks. It was 
suggested that if two strongbacks at considered necessary for use, they will be more effective 
in minimizing floor response if they are spaced closer to the centre of the floor where their 
stiffness will be more efficiently utlized.
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Table 1. Apparent El of Trusses As Determined by Third-Point Loading

Joist Number El (x 108 lb in2) El (x 1012 N mm2)

1 4.101 1.177

2 3.374 0.968

3 3.688 1.058 AVG.: 3.655 x 108 lb in2

4 3.568 1.024
1.049 x 1012N mm2

5 3.260 0.936 S.D.: 0.329 x 108 lb in2 
0.0944 x 1012N mm2

6 3.399 0.975
COV: 9.0%

7 3.947 1.133

8 3.321 0.953

9 3.983 1.143

10 3.439 0.987

11 4.131 1.186

Table 2. Bending Stiffness (El) of 14 mm Plywood Sheets

Plywood Sheet 
Number

e i2 Eli

106 lb in2/ft 106 N mm2/mm 106 lb in2/ft 106 N mm2/mm

1 0.1310 1.273 0.2894 2.725

8 0.1059 0.997 0.2740 2.580

5 0.1325 1.248 0.1837 1.730

7 0.1214 1.143 0.2487 2.342

3 0.1170 1.102 0.2300 2.166

6 0.1472 1.386 0.2340 2.203

10 0.0903 0.850 0.3078 2.898

2 0.1379 1.298 0.2225 2.095

Notes:
1. El, is the bending stiffness (El) for the strong axis of the plywood panel. El2 is the 

bending stiffness for the weak axis of the plywood panel.
2. Plywood sheet numbers are referenced in Figure 1.
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A
ppendix B - EFPL Truss Floor Tests

Summary of Deflection Profiles - Tests on Truss Floor at Eastern Forest Products Laboratory 1976 - 77Table 3.

Description of Floor Test
Edge Joist

Joist Location
Edge Joist

1 2 3 4 5 6 7 8 9 10 11

Maximum deflections, load over each truss (mm) Test Load = 1.3789 kN Mean J3-J9
Basic Case- No Bridging 0.00 2.09 2.52 2.6 2.55 2.66 2.49 2.56 2.4 1.94 0.00 2.54
2 x 6  Strongback at centerline 0.00 0.81 1.13 1.46 1.31 1.56 1.44 1.48 1.46 0.96 0.00 1.41
2 x 6  Strongbacks at 1/3 points. 0.00 1.01 1.34 1.60 1.71 1.70 1.61 1.61 1.40 1.03 0.00 1.57
2 x 4  Strongback at centerline 0.00 1.25 1.64 1.79 1.81 1.77 1.71 1.75 1.70 1.21 0.00 1.73
2 x 4  Strongbacks at 1/3 points. 0.00 1.39 1.72 1.92 1.91 1.90 1.78 1.86 1.78 1.40 0.00 1.84

Deflection Profile, Load at centre of floor, truss location #6 (mm)
Basic Case- No Bridging 0.00 0.11 0.30 0.52 1.32 2.66 1.29 0.32 0.14 0.02 0.00
2 x 6  Strongback at centerline 0.00 0.16 0.41 0.70 0.97 1.56 1.04 0.64 0.32 0.10 0.00
2 x 6  Strongbacks at 1/3 points. 0.00 0.24 0.45 0.75 1.09 1.70 1.02 0.65 0.38 0.14 0.00
2 x 4  Strongback at centerline 0.00 0.13 0.32 0.70 1.29 1.77 1.13 0.53 0.19 0.03 0.00
2 x 4  Strongbacks at 1/3 points. 0.00 0.16 0.36 0.77 Î .22 1.90 1.05 1.53 0.24 0.04 0.00

Maximum deflections, load over each truss (mm/kN) Mean J3-J9
Basic Case- No Bridging 0.00 1.52 1.83 1.89 1.85 1.93 1.81 1.86 1.74 1.41 0.00 1.84
2 x 6  Strongback at centerline 0.00 0.59 0.82 1.06 0.95 1.13 1.04 1.07 1.06 0.70 0.00 1.02
2 x 6  Strongbacks at 1/3 points. 0.00 0.73 0.97 1.16 1.24 1.23 1.17 1.17 1.02 0.75 0.00 1.14
2 x 4  Strongback at centerline 0.00 0.91 1.19 1.30 1.31 1.28 1.24 1.27 1.23 0.88 0.00 1.26
2 x 4  Strongbacks at 1/3 points. 0.00 1.01 1.25 1.39 1.39 1.38 1.29 1.35 1.29 1.02 0.00 1.33

Deflection Profile, Load at centre of floor, truss location #6 (mm/kN)
Basic Case- No Bridging 0.00 0.08 0.22 0.38 0.96 1.93 0.94 0.23 0.10 0.01 0.00
2 x 6  Strongback at centerline 0.00 0.12 0.30 0.51 0.70 1.13 0.75 0.46 0.23 0.07 0.00
2 x 6  Strongbacks at 1/3 points. 0.00 0.17 0.33 0.54 0.79 1.23 0.74 0.47 0.28 0.10 0.00
2 x 4  Strongback at centerline 0.00 0.09 0.23 0.51 0.94 1.28 0.82 0.38 0.14 0.02 0.00
2 x 4  Strongbacks at 1/3 points. 0.00 0.12 0.26 0.56 0.88 1.38 0.76 1.11 0.17 0.03 0.00

Notes: 1. Stiffness (El) of 2 x 4 strongbacks on edge was 7.5 x 106 Ib.in2
2. Stiffness (El) of 2 x 6 strongbacks on edge was 29.8 x 106 Ib.in2
3. Conventional minimum nailing with 2.5-inch standard spiral nails
4. Strongbacks attached to vertical posts with 2- 3-inch #10 screws per truss
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Figure 1. Plan view of test floor showing joist locations, joist numbers, 
panel numbering, and joint locations
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Figure 2. Envelopes of maximum transverse deflection profiles for several 
cases of strongbacks, normalized for a 1 kN concentrated load.
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EFPL Truss Floor Tests With Strongbacks
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Figure 3 Comparison between measured and predicted maximum transverse deflection profiles at the centreline
of the floor, for all strongback cases.
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Figure 4. Comparison between measured and predicted maximum transverse deflection profiles for single 2x4 or 2x6 strongbacks
installed at the midspan position, for a trolley loading of 1.379 kN (310 lbs).
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EFPL Truss Floor Tests with Strongbacks at the Third Points of the Span

CO

Figure 5. Comparison between measured and predicted maximum transverse deflection profiles for 2x4 and 2x6
strongbacks installed at the third-points of the span, for a trolley loading of 1,379 kN (310 lbs).



D
ef

le
ct

io
n 

(in
ch

es
)

0.500

1.000

1.500

2.000

Figure 6. Composite longitudinal profiles for Joist position #6 for a trolley 
loading of 1.379 kN (310 lbs) with no strongbacks installed.
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Figure 7. Composite longitudinal profiles for Joist position #6 for a trolley
loading of 1.379 kN (310 lbs) with a single 2x4 strongback installed 
at the midspan location.
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Figure 8. Composite longitudinal profiles for Joist position #6 for a trolley 
loading of 1.379 kN (310 lbs) with 2x4 strongbacks installed 
at the third points of the span.
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