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Long Term Goals / Strategies 
Expand the use of wood and wood products in structural applications by enhancing seismic and wind design 
provisions for engineered wood-based structural systems. The project will develop new research information, 
as well as compile the existing research information necessary for development of new Lateral Load Design 
Provisions for engineered wood-based structural systems in the Canadian Standard for Engineering Design in 
Wood (CSA O86). When the appropriate code committees and industry associations implement these design 
provisions into the next edition of CSA O86, they will provide designers and specifiers more structural options 
for wood-based lateral load resisting systems, similar to those offered in other material codes. 
 
Key Objectives 
Support industry to expand its markets for wood and wood products by providing designers and specifiers with 
design provisions and practical design solutions for wood-based lateral load resisting systems in engineered 
wood construction. This four-year project will address two main issues: 
• Develop and compile the fundamental information needed to establish a Lateral Load Resisting Systems 

Design Section in CSA O86, which will be consistent with the 2005 edition of the National Building Code 
of Canada (NBCC 2005).  

• Develop and compile the information needed to link the new Lateral Load Resisting Systems Design 
Section in CSA O86 with the Fastenings Section in terms of connection behaviour required to satisfy the 
specified system response to lateral loading. 

 
Key Actions and Deliverables 

Deliverables Expected Delivery Date
Completed Item  

A review on similarities and differences of the seismic vs. wind-induced structural response 
and corresponding design approaches for lateral load resisting systems in engineered wood 
construction. 

July 2005  

Experimental data from quasi-static tests that will help quantify the static and dynamic 
behaviour of concentrically braced timber frames with different brace configurations. December 2005  

First draft of the Design Provisions for Lateral Load Resisting Systems in engineered wood 
construction. March 2006  

Draft design procedures for resistance-based “capacity design” for lateral load resisting 
systems in timber construction March 2007  

Second draft of the Design Provisions for Lateral Load Resisting Systems in engineered 
wood construction. March 2007  
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Deliverables Expected Delivery Date
Completed Item  

Third draft of the Design Provisions for Lateral Load Resisting Systems in engineered wood 
construction. March 2008  * 

Quasi-static tests on diagonal braces that will be used to further quantify the static and 
seismic behaviour of braced timber frames. Data analysis. Develop design provisions for 
such systems. 

July 2008 #  

Ductility capacity categories for different types of braced timber frames and rigid (moment 
resisting) portal frames. September 2008 ‡  

Final draft of the Design Provisions for Lateral Load Resisting Systems in engineered wood 
construction. March, 2009  

In cooperation with the Canadian Wood Council and appropriate Code Committees, 
implement the research findings and the developed Design Provisions for Lateral Load 
Resisting Systems in Canadian and other design codes and standards. 

Ongoing 

Presentation of the research findings in the appropriate national and international 
conferences, forums and journals. Ongoing 

Final report containing the research findings and achievements of the project. March 2009  

* Estimate of completion based on the project progress on the date of the statement update.  # This item originally 
contained experimental tests on braced frames with steel braces. Based on the input from some of the project liaisons, 
CSA O86 members, and members of the design community, it was decided that more significant impact will be made 
by further refining the design provisions on braced frames with wood-based braces. For that reason, some additional 
tests on braces with different connections were included.  ‡ The delivery date on this item was postponed to September 
2008 pending the completion of all tests and analyses related to performance of braced timber frames.  

 
Status 
During the first year of the project a literature survey was performed on the similarities and differences of the 
response of lateral load resisting systems (LLRS) in engineered wood construction subjected to wind as 
opposed to earthquake loads. Design approaches and solutions for LLRS subjected to seismic and high wind 
loads were also reviewed. The test setup for testing braced frames subjected to lateral loads was built, and the 
test matrix was defined. Four specimens of braced timber frames with riveted connections with different brace 
configurations were tested under reversible cyclic loads. The test data were partially analysed, and a concept of 
the new section on lateral load resisting systems was drafted. Due to engagement of the project leader in a 
large contract, the first draft of the design provisions on LLRS didn’t contain all information originally 
planned. It is expected that the second draft, which is due by the end of the second year, will contain more 
detailed provisions for some of the systems.  
 
During the second year, as a member of the Wood Technical Subcommittee (TS7) of the Building Seismic 
Safety Council (BSSC) 2008 Provisions Update Committee, the project leader participated in five conference 
calls and one meeting of the Subcommittee. The project leader is a co-chair of two Task Groups of the TS7 
Subcommittee: Task Group 4 – Light Frame Structures with Mixed Bracing Materials and Structures with 
Mixed Bracing Systems, and Task Group 14 – New Developments in Shear Wall Construction. As a part of 
the Task Group 14 an effort will be made to include design provisions for unblocked shearwalls and Midply 
walls in the US codes.  The project leader attended the 8th U.S. National Conference on Earthquake 
Engineering in San Francisco, California, April 18-22, 2006. The conference was held on the 100th anniversary 
of the Great San Francisco Earthquake. 
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As Chair of the Lateral Load Design Task Group (LLDTG) of CSA O86, the project leader held two meetings/ 
conference calls of the Task Group. One of the most important issues discussed was the potential ramification 
of the new 2005 NBCC clause 4.1.8.15 on design of wood-frame diaphragms. The project leader also attended 
the CWC/Forintek Structural Wood Research Initiatives Workshop held on November 16 in Montreal as well 
as the CSA O86 Committee meeting on November 17 and 18, 2006. The first and part of the second draft of 
the proposed Design Provisions for Lateral Load Resisting Systems in engineered wood construction were 
completed.   
 
Early in the third year the project leader completed the second draft of the new section (chapter) on lateral load 
resisting systems proposed for implementation in the next editions of CSA O86. This document offered a 
summary of the up-to-date research and code-related information available on seismic design of wood-based 
and single-storey wood-hybrid structural systems. Due to the complexity of the document, it was decided that 
only some of the proposed revisions would be included in the CSA O86 technical polls for this code cycle. The 
project leader, with input from FPInnovations and CWC staff, prepared seven technical polls for potential 
circulation to the committee members: (a) An increase to the maximum height for unblocked shearwalls from 
2.4 to 4.8 m; (b) Equations for calculating the deflections of shearwalls and diaphragms; (c) Specific Seismic 
Design Considerations for Shearwalls and Diaphragms; (d) Clauses for design of Midply Shearwalls; (e) A 
new Design Section on Concentrically Braced Timber Frames; (f) Addition of new items to Section 2 – 
Definitions; (g) Renaming of the existing Section 9 from "Shearwalls and Diaphragms" to "Lateral Load 
Resisting Systems"; and (h) Revisions to the Design of Shearwalls and Diaphragms with Diagonal Lumber 
Sheathing. The project leader held a meeting of the CSA O86 LLDTG to discuss the prepared technical polls. 
It was decided that polls (d), (e), and (f) be discussed further within the LLDTG before submitting them to the 
Committee. The rest of the items were sent to the Committee for polling in the summer of 2007. The project 
leader analysed the poll responses and prepared an improved version of the poll items that was presented at the 
CSA O86 Technical Committee meeting in November, 2007 in Vancouver.  
 
Partners 
Canada:  Canadian Wood Council 
  University of New Brunswick 

University of British Columbia  
Structural Engineering Consultants of BC 
Laval University 
University of Western Ontario 
 

International:  Members of the Seismic Research International Network 
 
Rationale and Potential Impact 
Seismic and wind design provisions for various lateral load resisting systems in wood structures have to be 
improved to be compatible with those currently available for systems of other building materials. These design 
provisions are of vital importance for ensuring the competitive position of engineered wood structures in the 
residential and non-residential sectors with respect to reinforced concrete and steel structures, at a time when 
fundamental changes are taking place in Canadian, US and international building codes. The new 2005 edition 
of the National Building Code of Canada, for example, includes a list of wood-based lateral load resisting 
systems and appropriate force-modification factors for seismic design of such systems, and directs designers to 
CSA O86 for design guidelines. However, the latest edition of CSA O86 has no design provisions for such 
structural systems except for shearwalls and diaphragms.  
 
The one-year Forintek project entitled ”Framework for enhancing wind and seismic design provisions for 
wood structures” defined the framework for the development of enhanced lateral load design provisions for 
wood structures subjected to wind and earthquake loads. As part of the project, a workshop was organized on 
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November 17, 2004 in Mississauga, Ontario to identify and coordinate the research work needed in this field 
in Canada. Workshop attendees included researchers from Forintek, University of New Brunswick, Royal 
Military College, University of British Columbia, and Laval University, as well as representatives from CWC, 
the design community and industry. The outcome of the workshop was summarized in eight resolutions 
dealing with research directions in the areas of light-frame, heavy-frame and mixed structural systems and 
connections. In addition, a consensus was built at the workshop regarding the framework that will link the 
design philosophies of lateral load resisting systems with those of connections. The framework is anticipated 
to form the foundation for future lateral load design provisions for engineered wood construction under wind 
and earthquake loading. This project will deliver on the main suggestions and research directions agreed on at 
the workshop.  The urgency for this work is also supported by feedback obtained at a joint workshop held by 
the Canadian Wood Council and Forintek to help identify structural design issues limiting the use of wood in 
construction. 
 
Numerous research studies in the area of connections and structural systems are being undertaken at 
universities and institutes across Canada. Another purpose of this project will be to gather information based 
on the established framework for the co-operative activities from each research partner in the concerted effort 
needed for the development of lateral load design provisions and corresponding connection performance. The 
research work will be geared towards providing information needed for implementation in the next edition of 
the CSA O86, the Canadian Standard for Engineering Design in Wood, so that structural design engineers can 
pursue the idea of using timber in structural systems in non-residential buildings. The findings will also be 
presented to other code committees, particularly in the US, for wider implementation. The results from the 
research will also assist industry initiatives and projects, such as ″WoodWorks″, which promotes the use of 
wood products in structural applications in the commercial sector. 
 
Work Completed this Fiscal Year 
The Proposed New Chapter on Lateral Load Resisting Systems 
As one of the main deliverables of this project, a new Chapter (Section) on design of wood-based Lateral Load 
Resisting Systems (LLRSs) was developed. The Chapter includes all wood-based structural systems that are 
mentioned in 2005 and 2010 editions of NBCC, including those not currently included in CSA O86. It also 
contains some design information for tall walls and innovative wall solutions such as Midply walls. Since the 
performance of connections, especially their ductility and failure modes, directly influence the system 
performance and its failure modes, the proposed new Chapter on LLRSs tried to make this initial link between 
the connection and system response. Due to the size of this Chapter and the need for further refinement, it 
could not have been implemented in CSA O86 in its entirety during the latest code cycle that ended in 2008. 
Parts of it, however, were implemented in 2009 CSA O86 as five different technical polls. This version of the 
Chapter and the information in it will form the foundation for future development of technical polls for 
implementation in the upcoming editions of CSA O86.  
 
Quasi-static tests on Walls with SPS3 FJ studs 
The National Lumber Grades Authority (NLGA) special product standard SPS 3 that governs fingerjoined (FJ) 
studs for "vertical stud use only" is currently not referenced in CSA O86. Consequently, in engineered 
structures such as multi-storey residential wood-frame buildings, SPS 3 products cannot be used as a substitute 
for solid sawn studs of the same grade and species. At the November 2007 CSA O86 meeting, it was proposed 
that some shearwall testing be carried out to demonstrate that SPS 3 products perform similarly to solid sawn 
studs of the same grade and species in wall applications. FPInnovations-Forintek carried out a series of eight 
monotonic and cyclic tests on unblocked shearwalls with SPS3 FJ studs as well as solid sawn lumber studs. 
Unblocked walls were chosen because bending and shear stresses imposed on intermediate FJ studs in 
unblocked walls are theoretically higher than those in corresponding blocked walls. Four different panel 
configurations were used for unblocked wall specimens to study the influence of panel configuration (and thus 
the different stress level) on the FJ studs. In addition, tests were carried out to establish the bending and tensile 
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strength properties of the fingerjoined lumber, as well as tension properties of FJ lumber used as end-studs 
with appropriate hold-downs.  
 
The test results showed that SPS3 FJ studs can be used as alternative studs to solid sawn studs of the same 
grade in unblocked walls. No tension failures in the studs near the hold-downs were observed in any of the 
tests. Some stud splitting and stud failures were observed in some of the walls tested at high inter-storey drift 
levels. Such failures, however, were mostly related to localized failure of the wood due to the loading applied 
to the nails adjacent to the continuous gaps rather than to the strength of the FJs themselves. No adhesive 
failure or multiple fingerjoint failures were observed. 
 
The performance data and the draft report were presented to the CSA O86 Systems Subcommittee and the 
Main Technical Committee at the May 2008 meeting in Toronto. As a result, the NLGA SPS 3 Standard was 
accepted by the committee members to be referenced in the 2009 edition of CSA O86 and therefore in the 
2010 National Building Code of Canada. 
 
Quasi-static tests on diagonal braces with bolted and riveted connections 
Quasi-static tests on diagonal braces with bolted and riveted connections were conducted. A total of 20 
specimens were tested, 15 of them with bolted and 5 with riveted connections. Bolts with three different 
diameters were considered: 9.5 mm (3/8”), 12.7 mm (1/2”), and 19 mm (3/4”). The specifications for the 
bolted connections were made using the proposed changes to be included in CSA O86-09. Thickness of the 
steel plates for bolted connections was 12.7 mm (1/2”), while for riveted connections was 6.4 mm (1/4”).  
 
During the testing, the top and bottom connections of each diagonal brace experienced different deformations. 
Once non-linear deformations started to develop in one of the brace connections, the reduced stiffness of that 
particular connection resulted in an increase of the deformation demand in that end of the brace, leading to 
failure of that particular connection. Results also showed that rivets have superior performance to bolts under 
cyclic (seismic) loading. The results from the testing will be used in the future to develop models for braced 
frames with bolted connections.  
 
National Code activities 
The project leader attended two CSA O86 Technical Committee meetings held in Toronto in May 2008 and in 
Vancouver in January 2009. Revised versions of the five technical polls were discussed in detail at the 
Systems Subcommittee meetings. A presentation was made to the main Committee during the meeting in 
Vancouver. It included all activities and the importance of the poll on Specific Design Considerations for 
Shearwalls and Diaphragms, along with its relation to the seismic provisions in 2005 NBCC and the newly 
proposed wording for the 2010 NBCC. The Committee unanimously approved all five poll items that were 
proposed by Forintek staff. The technical poll on diaphragms for the first time in North America includes 
partial capacity design procedures for wood buildings, and represents a significant step forward towards 
implementing full capacity-based seismic design procedures for wood structures. 
 
International Code activities 
The project leader attended the AF&PA Wood Design Standards Committee and the Wind/Seismic Task 
Committee meetings in Leesburg, Virginia, in July 2008. At these meetings the final version of the 2008 
edition of the Special Design Provisions for Wind and Seismic in the US was accepted. For the first time this 
2008 edition includes design values for unblocked shearwalls, which were implemented in the design standard 
based on FPInnovations’ research results. 
 
Development of analytical models and analytical study 
Using the test data from quasi-static tests on braces with riveted connections conducted in this project as well 
as in previous research projects, non-linear analytical models of diagonal braces were developed using the 
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computer program DRAIN-2DX. A hypothetical structure representing an industrial or commercial type of 
building was chosen as the basic model for the analyses. The lateral load is resisted by a discrete number of 
braced frames, the placement and number of which was determined by the lateral load generated by the 
tributary roof mass. To simplify the structure for computer analysis, only the concentrically braced frame was 
analyzed, representing the main lateral load resisting system of the building. The frame was assumed to be 
constructed of 20f-EX Spruce-Pine (SP) glued-laminated timber, with the mass of the frame concentrated at 
the roof level.  
 
The goal of the analytical study was to evaluate the newly introduced Rd force modification factor in NBCC 
2005. A series of non-linear dynamic time history analyses were conducted using 12 different acceleration 
records from previous earthquakes around the world. Records were chosen to satisfy the seismic parameters 
for a locality such as Vancouver according to the 2005 NBCC, with peak horizontal ground acceleration of 
0.46 g.  
 
The maximum displacement in the diagonal braces was chosen as a basis for structural performance 
evaluation. Variation of the Rd-factor, as mentioned earlier, was achieved by changing the roof tributary area 
(and thus the mass) of the model.  
 
An appropriate value for the Rd-factor can be obtained based on the results and assuming an acceptable level 
of seismic risk. The braced frame was able to “survive” all earthquakes if designed with an Rd-factor of 1.75, 
while the demand of three earthquakes VAN-06, VAN-29, and VAN-48 is higher than the failure deformation, 
if the structure were designed with an Rd-factor of 2.0. The value of 2.0 for the Rd-factor would be acceptable 
if one were to change the seismic risk criteria from no probability of failure to allowing the structure to have a 
25% probability of failure (out of 12 earthquakes). Similarly, one may argue that although widely used to 
quantify failure of wood connections and assemblies, the failure displacement of the brace (defined as 
deformation of the brace at which the load drops to the 80% level), doesn’t actually cause failure of the entire 
structure. Consequently if the failure criterion is set as deformation of the brace at which the load drops to 50% 
level (which is 25 mm), the braced frame designed with an Rd-factor of 2.0 will be able to survive all 
earthquakes. Based on the results from the analyses, it seems that an Rd-factor of 2.0 is appropriate in the 
analyzed case, especially knowing that the efficiency of the assumed design was 100% which is rarely 
obtained in practice. It should be noted that these findings apply only to the case of the structure analysed and 
the methodology used. For a more robust approach, probably the methodology that will be developed as a part 
of the ATC-63 project may be used.  
 
Providing response to the ATC-63 project team’s evaluation of wood-frame structures 
The purpose of this Applied Technology Council (ATC) project is to establish and document a recommended 
methodology for reliably quantifying building system performance and response parameters for use in seismic 
design. A key parameter to be addressed is the response modification coefficient (R factor) for various 
structural systems in ASCE-07, the US seismic design model code. Similar to Canada, the R factors in ASCE-
07 are used to estimate strength demands on systems that are designed using linear methods, but are 
responding in the nonlinear range. Their values are fundamentally critical in the specification of seismic loads 
on structures. While current R-values are based largely on judgment and qualitative comparisons with other 
known systems, the methodology that is developed during the ATC-63 project is intended to provide a rational 
basis for determining building seismic performance factors. The 90% draft report of the ATC-63 project was 
completed in the spring of 2008 and was released for public comments. Besides detailed description of the 
methodology, the ATC-63 90% draft includes examples of application of the methodology on several 
examples of reinforced concrete structures and wood-frame structures. The final report of this project is 
expected to have a significant long-term effect on determining the seismic design loads for various systems in 
the US, including wood-frame construction. Because of the project significance for the US market, and its 
influence on Canadian Codes, FPInnovations was involved in providing feedback on this work. 
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The project leader reviewed the 90% draft report. According to the draft report, applying the ATC-63 
methodology on wood-frame structures would result in assigning an R-factor of 3.0, which is a 54% reduction 
in value of the currently assigned R-factor for wood-frame buildings of 6.5 in ASCE-07. This would result in 
an increase of the seismic design force for wood-frame structures in the US of 216%, which would all but 
eliminate them from the multi-family residential market, along with most commercial applications. The project 
leader along with other members of the Wood Engineering Group also prepared a response letter for the ATC-
63 project team, in which several assumptions and approaches in the developed methodology were questioned 
and cited as being more demanding on wood-frame construction as compared to other types of construction. 
Two conference calls were held with AF&PA and Weyerhaeuser staff to discuss the issues arising from the 
ATC-63 report and to coordinate the North American wood industry response.  
 
The project leader was invited to attend the workshop that was held by FEMA on the ATC-63 project in 
Chicago on August 8, 2008. He used the opportunity to further discuss the issues with the ATC-63 team, and 
propose legitimate changes to the methodology that would minimize the impact to wood-frame construction. 
Based on the input at the workshop and the received written correspondence, the ATC-63 team agreed to make 
some changes to the methodology that would result in wood-frame construction being assigned an R-factor of 
6.0.  This result will be a tremendous relief for the forest products industry.  
 
Six-storey Wood-Frame Initiative in BC 
On September 25, 2008, the Housing and Social Development Minister of BC announced that six-storey 
wood-frame buildings will be allowed to be built in BC as of April 6th 2009. Technical advisory groups 
comprising a wide range of building sector stakeholders were formed to help identify potential relevant issues 
related to six-storey wood buildings and to help develop appropriate mitigation and implementation strategies 
and design guidelines. The BC government was also seeking technical input from the structural engineering 
community through a committee of the Structural Engineers Association of BC (SEABC). The project leader 
joined this Committee and regularly attended all meetings providing input towards developing design 
guidelines for 6-storey wood-frame structures. He also provided the Committee with valuable insight and 
research data related to performance of wood structures. As the demand for higher density housing in BC tends 
to be in areas with high seismic risk, one of the paramount concerns to designers of six-storey wood-frame 
construction is the seismic performance of such buildings. The expertise of the project leader and his position 
as a Chair of the LLDTG of CSA O86 proved to be very valuable to the Committee. In collaboration with 
other FPInnovations staff, the project leader provided a response during the public review process to the 
proposed changes to the 2006 BC Building Code related to inclusion of 6-storey wood-frame buildings. The 
response was also coordinated with CWC staff.  
 
Workshops and Conferences 
The project leader prepared a paper and a presentation entitled “Performance of Tall Wood-frame Walls 
Subjected to Gravity and Wind Loads”. He presented the paper at the 10th World Conference on Timber 
Engineering held June 2nd to 5th in Miyazaki, Japan.  
 
The project leader also attended a one-day workshop in Boise, Idaho, organized by the AF&PA on the 90% 
Draft report of the ATC-63 project entitled ″Quantification of Building Seismic Performance Factors″. As 
mentioned earlier, this is a very important project in the field of seismic design of structures as it provides (and 
develops) for the first time a unified procedure for evaluation of the seismic response factors (R-factors) for 
different lateral load resisting systems. The proposed methodology includes many new concepts and 
approaches that need to be understood as it may have significant impact on quantifying the performance of any 
new or existing lateral load resisting system.  
 



Lateral Load Resisting Systems for Engineered Wood Construction Project No.: 4625 - March 16, 2009 - 8 of 8 

 
 
 

 
  

 

The project leader prepared a paper and presentation entitled “Force Modification Factors and Capacity Design 
Procedures for Braced Timber Frames”. He presented the paper at the 14th World Conference on Earthquake 
Engineering, held in October 2008 in Beijing, China. He also co-chaired one of the five technical sessions on 
the seismic performance of wood structures.  
 
Publications/Patents 
Popovski M., 2008. Force Modification Factors and Capacity Design Procedures for Braced Timber Frames. 

Proceedings, 14th World Conference on Earthquake Engineering, Beijing, China; 

Popovski, M., 2009. (in progress) Ductility Related Force Modification Factors for Braced Timber Frames. 
Paper to be submitted for publication in the Canadian Journal of Civil Engineering.  
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