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Long Term Goals / Strategies 
To expand the use of wood in non-residential applications by developing structural systems that are 
cost-effective while spanning long distances and carrying higher loads than systems made of dimension 
lumber and traditional sheathing thickness. 
 
Key Objectives 
• Provide research information suitable for implementing design procedures for diaphragms with thick 

sheathing in the Canadian Standard for Engineering Design in Wood (CAN/CSA O86.1). 
• Make the information available to other markets by publishing the results and recommended procedures in 

a journal article. 
 
Key Actions and Deliverables 

Deliverables Expected Delivery Date
Completed Item  

Report on cost analysis and feasibility/competitiveness of a diaphragm system with thick 
panels, and recommendation from project liaisons on whether or not to proceed with project. October 2005  

Report on the mechanical behaviour of connections between thick wood-based panels and 
studs. Provide a set of data results from the nail connection tests using thick panels. March 2006** 

Report on the structural behaviour of diaphragms with thick wood-based panels. Provide a 
set of data and analysis resulting from tests of diaphragms. March 2007 

Develop analytical models that utilize the connection test data and validate the model with 
the full-size diaphragm test. October 2007 

Develop a simplified design method for calculating shear load capacity and deflection of 
wood diaphragms using thick panels. March 2008 

Produce a final report presenting project findings and the simplified design method. March 2008 
Present research findings at appropriate national and international conferences, seminars and 
forums. Write technical papers in recognized journals. March 2008 

** Delayed to fiscal year 2006-07 
 
Status 
New 
 
Partners 
Canadian Plywood Association (CanPly) 
Structural Board Association 
APA – The Engineered Wood Association 
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Rationale and Potential Impact 
In the construction market, wood diaphragms with thick panels will be used mostly in non-residential 
construction, while a smaller percentage will be used in residential construction. When using thick panels, 
improved lateral resistance and deflection of diaphragms would generate better behaviour during earthquakes 
and high winds. Improved seismic and wind resistance of buildings using such diaphragms would also benefit 
building specifiers, their owners and insurance companies. 
 
The CAN/CSA O86.1 currently provides shear resistance values for diaphragms made from panels with 
thickness ranging from 9.5 mm up to 18.5 mm. However, structural panels are now available in a wider range 
of thicknesses to accommodate specific customer demands. Since shear resistance values provided by 
CAN/CSA O86.1 for thin panels cannot be applied to thicker panels, new design values are needed for thicker 
panels. The project aims to provide designers and specifiers with a method to calculate shear resistance values 
for diaphragms using thick panels with thickness ranging from 18.5 mm to 31.5 mm. Ultimately, the new 
design values will be introduced into the Canadian Wood Design Standard.  
 
According to a recent study on non-residential wood product usage, only 1.2 billion square feet  (Bsf) of 
structural panels were used in new non-residential construction in the United States in 1995 (McKeever and 
Adair, 1998). This is approximately equivalent to 10% of the total wood usage in the new residential 
construction sector and has been in decline since 1985. One of the major impediments to the use of wood in 
non-residential buildings is the lack of design data for wood systems other than those used in houses.  
 
The value to the Canadian wood products industry of this missed market is potentially quite large. Using data 
from the McKeever and Adair study, and assuming 50% of the non-residential market is accessible for wood 
(Goetzl and McKeever, 1999), we can derive a missed market in the U.S. for structural panels of 4.8 Bsf, 
given a potential market of 6.0 Bsf (3/8” basis) and an actual use of 1.2 Bsf in 1995. In 2002 dollars, this 
translates to CAD$1.7 billion (using an average price of $350 Canadian per thousand square feet of plywood 
and OSB). Ultimately, if thick panel diaphragms were only 10% of the missed market, this would represent an 
annual market share of CAD$170 million.  
 
Proposed Approach  
The long-term goal of the project is to expand the use of wood in non-residential construction by developing 
cost-effective systems that could span longer distances and carry higher loads than systems made of dimension 
lumber and regular sheathing thickness. This will be accomplished by evaluation of structural performance of 
diaphragms with thick panels subjected to lateral loads such as those generated by high winds and earthquakes. 
On the analytical side, the project aims to develop a design method to calculate shear resistance values for 
diaphragms with panels up to 31.5-mm in thickness. Research findings will provide considerations for 
implementing the new design method into the CAN/CSA O86.1.  
 
The research activities proposed for the first year of the project (2005-06) included: (i) a literature survey with 
a review of the current design method for wood diaphragms existent in the Code and other methods proposed 
by researchers and engineers; (ii) a cost analysis to determine if concept is economically feasible, and (iii) a 
nail connection load-slip test using thick panels. In the second year, the project will undertake experimental 
testing of full-scale diaphragms, which will provide a means of verifying the new design method that will be 
developed in the third year of the project. 
 
Work Completed this Fiscal Year 
A cost analysis was undertaken to determine if the concept is economically feasible and determine if there are 
comparable alternative solutions to such diaphragms. Five different systems were analysed, including basic 
and engineered configurations with thinner sheathing (3/8” or 19/32”) as well as thicker sheathing (1”). The 
main conclusion from the cost analysis was that if wood diaphragms with thick panels are appropriately 
designed, the increase in capacity may prevail over the increase in total cost involved in purchasing materials, 
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building and erecting them. The cost analysis draft was circulated among project liaisons to obtain feedback 
and consensus on whether or not there was enough justification to continue the project. The response was 
positive and the recommendation was to continue the project as originally proposed at the Building Systems 
TAC meeting in 2005. Some comments and suggestions received from project liaisons were addressed; the 
others will be taken into consideration in the following steps of the project. 
 
One of the concerns raised at the TAC meeting was that the weight of the diaphragms with thick panels might 
be an impediment to their use. In order to determine the increase in weight when using such diaphragms, all 
the components of each diaphragm were weighed individually and then multiplied by the number of 
components for each diaphragm configuration to obtain the total weight of each diaphragm. The effect of 
component weight on “buildability” was not considered; this would need to be considered depending on 
whether on-site or off-site fabrication is preferred. However, it was assumed that items over 20 kg are lifted by 
two workers; therefore, in the cost analysis the time required to install the component was multiplied by two. 
Further analysis will also be required to assess the suitability of these components for heavy floor or roof 
loading. 
 
The project continued with a literature review of current design methods for diaphragms and shearwalls and 
other relevant information related to diaphragms. The intent was to become familiar with the current 
methodology used to derive shear resistance values for diaphragms with the traditional panel thickness, and 
identify potential issues arising from applying these methodologies to thicker panels. Some findings from the 
literature review: 
• Diaphragms are designed to act as deep, horizontal beams that carry the lateral load applied to walls and 

transfer it to the building foundation. In other words, diaphragms are intended to resist the imposed shear 
and bending stresses. The design method for diaphragms, referred to as the girder analogy, considers that 
horizontal bending moments are carried by the edge members and horizontal shear by the sheathing 
between the edge members (Wood 2005).  

• Part 4 of National Building Code of Canada (NBCC) provides a method for determining an equivalent 
static force for the purposes of designing for dynamic loading from seismic and wind events. The tables 
given in Part 9 of CAN/CSA O86.1 provide load duration adjustments on the resistance side and treat 
wind and seismic design loads as “short-term” in duration. 

• Proper design of connections between the systems (shearwalls and diaphragms), and within the system 
(between sheathing and framing) as well as framing connections is of great importance.  

• Strength and stiffness of wood diaphragms depend primarily on the fasteners used to connect the sheathing 
to the framing members. The connections may be mechanical fasteners, adhesives or a combination of 
both. Adhesives provide stress transfer from the skin to the framing members with the load distributed 
over the entire bonded area, while fasteners develop localized load transfer from within the thickness of 
the skin and framing members. The use of both adhesives and mechanical fasteners combine the 
advantages of both systems, but in many applications this is not economical (McNatt 1979). Adhesives 
will significantly increase the stiffness of a diaphragm, however they will add material and labor cost to 
the overall cost of the system. Therefore, adhesives should be considered in situations where high stiffness 
is desired, most likely for floor rather than roof applications. Adhesives may also be used to prevent 
squeaking in floor diaphragms. In this study, diaphragms with adhesive connections may be considered for 
evaluation. 

• Diaphragms in the 10’x30’ and 20’x60’ range are actually small in size compared to the size of 
diaphragms commonly used in commercial buildings, which are at least in the 40’x120’ range. (Applied 
Technology Council 1975) 

• An earlier attempt to develop a simplified Canadian nail-resistance design method concluded that the 
method is acceptable for practical purposes for diaphragms sheathed with thin panels and using small 
diameter nails. Accuracy of the method was not validated with experimental tests. (Palka 1995) 
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A test plan to carry out connection load-slip tests using thick panels was prepared. Materials for sheathing 
included plywood up to 31.5 mm (1-1/8”) and design-rated OSB up to 28.5 mm (1-1/4”), if available. 
Materials for framing consist of SPF, LVL or LSL, glulam and possibly the SPS 6 glued wood lumber-like 
product. Tests will include generic fasteners (e.g., common round steel wire nail) and proprietary fasteners, 
such as power driven spiral nails (15 degree angle coil). The tests, originally planned for this year, will be 
performed in 2006/07 because of the lack of manpower. Various diaphragm configurations are currently being 
designed. They will be further screened and circulated to the project liaisons to select the most feasible 
diaphragm designs that will be tested next fiscal year, to obtain experimental data needed to verify the new 
design procedure for diaphragms with thick panels. The delay in the activities scheduled for the first fiscal year 
is not expected to impact the overall schedule. 
 
Publications/Patents 
N/A 
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