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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. December 2008 

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. 

March 2009 

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  
# 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 for 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. The second draft, which was completed by the end of the second year, contained 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. 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 
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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. Also, during the second year of the 
project, the analysis of the remaining data from the quasi-static cyclic tests on braced frames with riveted 
connections was completed.  
 
Partners 
Canada:  Canadian Wood Council (CWC) 
  University of New Brunswick 

University of British Columbia  
Royal Military College  
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 
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 CWC and FPInnovations-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 
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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. 
 
Proposed Approach 
The main objective of the research project is to provide the designers and specifiers with design provisions and 
practical design solutions for wood-based LLRS in engineered wood construction. The approach used in the 
project was aimed to address two main issues, (i) develop and compile the fundamental information needed to 
establish a new Section (Chapter) in CSA O86 on design of LLRS subjected to wind and earthquake loads, 
which will be consistent with the 2005 and later editions of the NBCC; and (ii) develop and compile the 
information needed to link the new Lateral Load Resisting Systems Section in CSA O86 with the Fastenings 
Section in terms of connection behaviour required to satisfy the specified system response.  
 
The approach used in this project consists of four main parts: (i) gathering of existing research information on 
behaviour of various structural systems used in engineered wood construction that can be used in development 
of the new Section on Lateral Load Resisting Systems; (ii) developing in-house research information where 
necessary by conducting experimental tests on various structural systems subjected to lateral loads; (iii) based 
on the available information, and in collaboration with the members of the CSA O86 Lateral Load Deign Task 
Group (LLDTG) and the CWC, develop preliminary design provisions for wood-based lateral load resisting 
systems; and (iv) in collaboration with the CWC staff, implement the obtained information into a new section 
on LLRS in the next and future editions of CSA O86. Furthermore, in collaboration with CWC, the 
information will be submitted to the US design code committees for future implementation.  
 
Work Completed this Fiscal Year 
National Code Activities 
The project leader completed the second and the third draft of the new section (chapter) on lateral load 
resisting systems proposed for implementation in the future editions of CSA O86. The third draft of this 
document offers a comprehensive summary of the up-to-date research and code-related information available 
on seismic design of wood-based and some hybrid structural systems. Hybrid systems are those that consist of 
vertical lateral load systems made of steel, concrete, or masonry and have wood diaphragms and/or roofs. This 
document will be revised further during the last year of the project, as new information becomes available.  
 
Due to the complexity of the document (chapter), it was decided that only a few parts of it to be included as 
technical polls for potential implementation into the next edition of CSA O86. The project leader, with input 
from Chun Ni, Erol Karacabeyli and other members of the CSA O86 Lateral Load Design Task Group 
(LLDTG), has prepared the following eight technical polls: 

1. Addition of new items to Section 2 – Definitions; 
2. New section on Concentrically Braced Timber Frames; 
3. New section on design of Midply Shearwalls; 
4. Renaming the existing Section 9 from "Shearwalls and Diaphragms" to "Lateral Load Resisting Systems" 

and replacing the current section 9.1 with a new one that covers shearwalls, diaphragms and other systems; 
5. Increase the maximum height for unblocked shearwalls from 2.4 to 4.8 m;   
6. Resistance of shearwalls and diaphragms with diagonal lumber sheathing; 
7. New clauses that contain formulae for calculating the deflections of shearwalls and diaphragms; 
8. New sections on Special Seismic Design Considerations for Shearwalls and Diaphragms. 
 
Based on further input from the members of LLDTG, it was decided that only five out of eight polls should 
actually be balloted during this code cycle, and therefore only those five items were circulated to the CSA O86 
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Technical Committee (TC) members during the summer of 2007. The remaining three items, the polls on 
Midply Shearwalls, Concentrically Braced Timber Frames, and Addition of New Definitions, were sent back 
to the LLDTG for further discussion and consideration for the future editions of CSA O86.  
 
The project leader held a meeting/conference call of the LLDTG of CSA O86 on October 5, 2007. The main 
item of discussion at the meeting was the response of the CSA O86 TC members regarding the submitted five 
balloted items (technical polls) and revision of the poll items based on the received input. Based on the 
response from the LLDTG members at the meeting, the project leader prepared revised versions of the 
following five technical polls, which are included in Appendix A to this report: 

• Rename the existing Section 9 from “Shearwalls and Diaphragms” to “Lateral Load Resisting Systems”; 
• Increase the maximum height for unblocked shearwalls to 4.88m; 
• Resistance of shearwalls and diaphragms with diagonal lumber sheathing; 
• Equations for Calculating Deflections of Shearwalls and Diaphragms; 
• Special Seismic Design Considerations for Shearwalls and Diaphragms. 

 
The project leader attended the CSA O86 TC meeting, as well as the Structural Systems Subcommittee and the 
Connections Subcommittee meetings held in Vancouver on November 1st to 3rd, 2007. The revised versions of 
the five technical polls were discussed in detail at the Systems Subcommittee meting. The input from 
discussions at the Systems Subcommittee meeting was implemented in the next revision of all technical polls, 
and the newly revised versions were presented for discussion at the main TC meeting. The TC has decided that 
all items, except the last one (Special Seismic Design Considerations for Shearwalls and Diaphragms) should 
go straight to the next ballot, while the last item needed to be re-polled pending some further refinement and 
inclusion of results from impact studies.  
 
The project leader prepared a presentation and supporting documentation on the CSA O86 poll item on 
“Special Seismic Design Considerations for Shearwalls and Diaphragms” and Erol Karacabeyli presented it at 
the Canadian National Committee on Earthquake Engineering (CANCEE) meeting held on November 24th to 
26th, 2007 in Vancouver. Since the poll item was created to address some of the concerns regarding design of 
wood structures subjected to earthquake loads according to the 2005 edition of NBCC, input from CANCEE 
members was deemed to be very important. Erol Karacabeyli attended the CANCEE meeting, presented the 
proposal, and received the input from CANCEE members. Based on these recommendations, and the 
recommendations suggested by Prof. Emeritus Dr. Don Anderson (also a CANCEE member) at a separate 
meeting with FPInnovations staff, the project leader prepared yet another improved technical poll that includes 
partial capacity design procedures for wood buildings. A copy of this version of the technical poll is included 
in Appendix B to this report. 
 
This latest poll proposal was presented to the members to the LLDTG at the meeting/conference call held on 
January 4, 2008 in Vancouver. The proposal was discussed in detail and members of the Group gave valuable 
suggestions for further improvement of the proposal. The main difference between this latest proposal and its 
previous versions was that it contained partial capacity design procedures for wood-frame buildings on a 
structural level. It was decided at the meeting that impact studies need to be conducted according to the 
proposed design procedures in the poll and the results from those studies should be distributed to the LLDTG 
members before the final version of the poll is sent to CWC for inclusion in the next CSA O86 ballot. The 
project leader contacted a couple of design firms and CWC about conducting the requested impact studies and 
coordinated their efforts for submitting the study results on time and on budget. One of the impact studies 
focused on multi-storey platform-frame building, while the other one focused on single-storey hybrid building 
consisting of masonry walls and a wood roof.  
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Results from the impact study on platform-frame buildings suggested that while the proposed design procedure 
works well for four-storey structures in high seismic areas, there may be some difficulties in applying the 
procedure to two-storey buildings in relatively low earthquake zones where high wind loads are also present. 
For these reasons, the final version of the poll had to exclude some of the procedures previously suggested, 
and return to the procedures originally suggested. The final version of the technical poll “Special Seismic 
Design Considerations for Shearwalls and Diaphragms” that was submitted to CWC at the end of January 
2008 to be circulated to the CSA O86 TC members for balloting is included in Appendix C to this report. 
 
International Code Activities 
As a member of the Wood Technical Subcommittee (TS7) of the Building Seismic Safety Council’s (BSSC) 
2008 NEHRP Provisions Update Committee, the project leader participated in six conference calls of the 
subcommittee. The project leader is 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 part of Task Group 14 (TG 14), an effort was 
made to include design provisions for unblocked shearwalls and Midply walls in the US codes.  
 
Along with Erol Karacabeyli, Marjan Popovski prepared and submitted responses to three TS7 ballots during 
this code cycle. He also prepared a report with the summary of the activities of TG 14 – New Developments in 
Shear Wall Construction, and submitted it to the TS7 Committee Chair. He also prepared and submitted a 
number of responses on several technical polls submitted to Committee members.  
 
The project leader worked closely with Zeno Martin from APA – The Engineered Wood Association (APA), 
and participated in preparing a joint poll proposing introduction of design values for lateral resistance of 
unblocked walls to be implemented in the Special Design Provisions for Wind and Seismic (SDPWS) in the 
US.  
 
The project leader reviewed the July 2007 ballots from the American Forest and Paper Association (AF&PA) 
Wood Design Standards Committee (WDSC), and the Wind/Seismic Task Committee. Comments on the 
ballot were provided to Conroy Lum, who attended the July, 2007 AF&PA WDSC and the Wind/Seismic Task 
Committee meetings held in Leesburg, Virginia.  
 
One of the negative votes received from the July SDPWS ballots was related to the unblocked shearwalls 
proposal and requested more technical background information and analyses to be provided to show that load 
displacement and energy dissipation characteristics of unblocked walls are comparable to those of blocked 
walls. In response to this request, Marjan Popovski and Zeno Martin developed a number of normalized load-
deformation curves based on the monotonic and cyclic tests of blocked and unblocked shear walls conducted 
at Forintek. The results showed that the proposed design values for unblocked walls were actually more 
conservative than those for blocked walls. The results were included in a short document that was sent to the 
Wind/Seismic Task Committee for reference to the poll for the next ballot in November 2007. A copy of this 
document is included in Appendix D to this report. 
 
Marjan Popovski and Conroy Lum reviewed and submitted responses to the November 2007 ballots from the 
American Forest and Paper Association (AF&PA) Wood Design Standards Committee (WDSC), and the 
AF&PA Wind/Seismic Task Committee. Marjan Popovski attended the January 2008 meetings of the AF&PA 
WDSC, and the Wind/Seismic Task Committee, held in Tacoma, Washington.  
 
Conferences and Workshops 
The project leader attended the 9th Canadian Conference on Earthquake Engineering in Ottawa, Ontario, June 
26-29, 2007. A paper entitled “Earthquake Performance of Tall Wood-frame Walls” was presented at the 
conference. The conference provided the project leader with access to research information on the analysis, 
performance and design of various structural systems subjected to seismic loads.  The project leader was also 
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able to gather feedback from a number of Canadian researchers on the impact of the new 2005 National 
Building Code of Canada (NBCC) on seismic design of various systems, which will be useful when 
completing the CSA O86 lateral load resisting systems’ design section.  
 
On June 25, 2007, the project leader attended a one-day seminar held at the University of Ottawa on the new 
seismic design provisions included in the 2006 International Building Code (IBC) and ASCE/SEI 7-05, the 
two model codes for seismic design of structures currently used in the US. Knowledge of these new design 
provisions in the US model codes is important when considering future implementation of research results and 
findings on various wood-based structural systems in the US wood material codes and standards.  
 
Marjan Popovski also attended the 40th CIB W18 Meeting in Bled, Slovenia, August 28-31, 2007. A paper 
entitled: “Seismic Behaviour of Tall Wood-frame Walls” was presented at the conference. In the paper, results 
were presented from a series of quasi-static monotonic and cyclic tests on walls 4.9 m x 4.9 m in size, 
subjected to lateral loads. The conference was an opportunity for the project leader to meet a number of 
European scientists and discuss the background to the specific seismic design guidelines for timber structures 
in Europe, which is part of Eurocode 8.  
 
Lateral Load Resistance of Shearwalls with Fingerjoined SPS3 Studs  
The National Lumber Grades Authority (NLGA) special product standard SPS 3 that governs fingerjoined 
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. Product producers have asked that the SPS 3 standard be 
referenced in CSA O86, as such referencing would provide more credibility to the product and the Standard. 
When SPS 3 was proposed for inclusion in CSA O86 several years ago, the TC raised a number of concerns. 
These included questions about the strength of the fingerjoints, the moisture resistance of the adhesive, and the 
fire resistance of the product. Many issues regarding these questions have already been resolved except for the 
performance of the product in shearwalls used to resist lateral loads generated from earthquakes or strong 
winds.  
 
At the November 2007 CSA O86 meeting, it was proposed that some wall 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. Although initially not planned to be part of this research project, Forintek staff deemed that this 
issue is very important to our Clients and therefore proposed to carry out tests on a number of 12-foot high 
walls with fingerjoined and non-fingerjoined SPF studs. The intent is to present the performance data to the 
CSA O86 Technical Committee at the May 2008 meeting in Toronto. If accepted, the results will help the 
NLGA SPS 3 standard to be referenced in the next edition of CSA O86 and the National Building Code of 
Canada. During this fiscal year, Conroy Lum, Chun Ni and Marjan Popovski have been working on 
development of the testing matrix for the testing program.  
 
Other activities  
The project leader obtained some new earthquake records that fit the new 2005 NBCC seismic design spectra 
for one location in Western Canada (Vancouver) and one location in Eastern Canada (Montreal). These 
records will be used in analytical studies during the last year of the project. 
 
Planning for the next phase of experimental testing that will involve testing of diagonal braces with bolted and 
riveted connections was completed. The testing matrix was developed and some of the materials needed for 
the testing were purchased.  
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Publications 
Popovski, M., Peterson, A., Prion, H. “Earthquake Performance of Tall Wood-frame Walls”. Paper presented 

at the 9th Canadian Conference on Earthquake Engineering, June 25-28, 2007, Ottawa, Ontario.  

Popovski M., “Seismic Behaviour of Tall Wood-frame Walls”. Paper presented at the 40th CIB W18 Meeting 
in Bled, Slovenia, August 28-31, 2007.  

Popovski, M., 2007. Ductility Related Force Modification Factors for Braced Timber Frames. In preparation. 
Paper to be submitted for publication in the Canadian Journal of Civil Engineering.  
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Poll Item No. 4 June 2007 - Revised October, 2007 
 
Title Lateral Load Resisting Systems 
 
Previous Poll No.  
 
Name of Proponent:  Marjan Popovski, Erol Karacabeyli, Chun Ni 
 
 
Proposed Change:  
Rename the existing Section 9 from “Shearwalls and Diaphragms” to “Lateral Load 
Resisting Systems”. Change existing Clause 9.1 with the one given below. The existing 
Clause 9 “Shearwalls and Diaphragms” becomes subsection 9.2. of the new Section 9. 
All other sections and subsections shall be renumbered accordingly. When accepted, 
section on midply walls will become Section 9.3, and that on braced frames will become 
9.4.  
 
9. Lateral Load Resisting Systems 
 
9.1. Scope 
Clause 9 covers the design of wood-based and hybrid structural systems and assemblies 
subjected to lateral loads generated from winds and earthquakes. The rules given in this 
section are complementary to those provided in NBCC and the applicable provincial 
building codes. 
 
 
Proposed New Commentary Item:  
 
 
Rationale and Impact of Change 
Seismic and wind design provisions for various lateral load resisting systems in wood 
construction have to be developed to be compatible with those currently available for 
systems of other building materials. The 2005 edition of the National Building Code of 
Canada includes a table of wood-based lateral load resisting systems and corresponding 
force-modification factors (Rd and Ro factors) for seismic design, and directs designers 
to CSA Standard O86 for design guidelines. The CSA Standard O86 currently does not 
have a Chapter (Section) named “Lateral Load Resisting Systems”, and is limited only to 
Shearwalls and Diaphragms. Renaming the Chapter 9 from “Shearwalls and 
Diaphragms” to “Lateral Load Resisting Systems” will provide the necessary link to 
NBCC. The introduction of the new name for the Chapter will also create a Section 
where new design information on different lateral load resisting systems will be placed.  
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Poll Item No. 5 June 2007 – Revised October 2007 
 
Title Increase the maximum height for unblocked 

shearwalls to 4.88m 
 
Previous Poll No. October, 2004 
 
Name of Proponent:  C. Ni, E. Karacabeyli, Y. H. Chui, M. Popovski 
 
Proposed Changes:  
 
1. Add one sentence at the end of existing clause 9.4.4 to limit the wall height to 4.88m.  

2. Erase the entire Figure below Table 9.4.4; 

3. Delete word Horizontally Sheathed from the title of Table 9.4.4 and first sentence of 
Clause 9.4.4; 

4. Add Figure with four new configurations of unblocked walls with a height of 4.88 m 
bellow Table 9.4.4.  

 
9.4.4 Strength Adjustment Factor for Unblocked Shearwalls, Jub
The specified shear strengths for horizontally sheathed unblocked shearwalls sheathed 
with wood-based panels shall be multiplied by the strength adjustment factor Jub, as given 
in Table 9.4.4. Maximum allowed height for unblocked shearwalls shall be 4.88 m. 
Maximum aspect ratio for unblocked Shearwalls shall be 3:1.
 

Table 9.4.4 Strength Adjustment Factor, Jub, for Horizontally Sheathed Unblocked 
Shearwalls* 

 

Stud spacing, mm Nail spacing at 
supported edges, 
mm 

Nail spacing at 
intermediate 
studs, mm 300 400 500 600 

150 150 1.0 0.8 0.6 0.5 
150 300 0.8 0.6 0.5 0.4 

* Specified shear strength of an unblocked shearwall shall be calculated by multiplying the strength 
adjustment factor by the specified shear strength of a blocked shearwall with 600 mm stud spacing, and 
with nails spaced at 150 mm on centre around panel edges and 300 mm on centre along intermediate 
framing members. 
Note: Strength adjustment factor shall only be applicable to structural wood-based panel. 
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 Staggered vertical sheathing 
 

 
 
  Continued vertical sheathing

 

  Continued horizontal sheathing

 

 Staggered horizontal sheathing

 
 

Max 4.88 m Max 4.88 m 

Max 4.88 m Max 4.88 m 

Appendix A 4



 
Proposed New Commentary Item:  
Research information presented in the paper (Mi et al, 2006) shows that the adjustment 
factor included in CSA O86-01 (CSA 2001) for 2.44 m high unblocked shear walls can 
be conservatively applied for 4.88 m tall walls.  
 
Rationale and Impact of Change 
 
The attached paper, which was published in the ASCE Journal of Structural Engineering, 
provides evidence that the proposed modification factor for unblocked shearwall can be 
conservatively applied to shearwall taller than 2.44 m. The figures presented in the other 
attached document show the normalized (with implemented Jub factors) load-
displacement responses and energy dissipation of unblocked shearwalls from the ASCE 
paper vs. the response of corresponding blocked walls. The results clearly show that the 
design load values and energy dissipation for normalized unblocked walls are on the 
conservative side.  
 
Deletion of the Figure under Table 9.4.4, and addition of one sentence at the end of the 
section 9.4.4 will remove the current restriction on the wall height. This will allow 
unblocked shearwall taller than 2.44m to be constructed, with a penalty of a reduced 
design capacity same to that of unblocked walls with height of 2.44 m. A new Figure 
under section 9.4.4 is added to give the designers examples of different sheathing patterns 
that can be used in unblocked walls. Although the walls in the Figure are with aspect 
ratio of 1:1, the maximum allowed aspect ratio for unblocked walls is suggested to 
remain the same as that for blocked walls (3.5:1).  
 
References: 
Mi, H.Y., Ni, C., Chui, Y.H., Karacabeyli, E., 2006. Racking Performance of Tall 
Unblocked Shear Walls. ASCE Journal of Structural Engineering, Volume 132, Issue 1, 
pp. 145-152. 
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Poll Item No. 6 June 2007 – Revised October 2007 
 
Title Resistance of shearwalls and diaphragms with 

diagonal lumber sheathing 
 
Previous Poll No. July 2006 - 5 
 
Name of Proponent:  Chun Ni, Erol Karacabeyli, Marjan Popovski, 

Peggy Lepper    
 
Existing Clause/Table/Figure
 
Clauses 9.5.5.1 and 9.5.5.4 
 
Proposed Change 
 
9.5.5.1 General 
Nailed shearwalls and diaphragms as described in Clauses 9.5.5.2 to 9.5.5.4 may be used 
to resist lateral forces. The specified shear strength, Vd, of a shearwall with a single layer 
of diagonally sheathed lumber (Clause 9.5.5.2) shall be taken as 8 kN/m; while that for a 
shearwall with double layer of diagonally sheathed lumber (Clause 9.5.5.3) shall be taken 
as 24 kN/m16 kN/m. 
 
9.5.5.4 Boundary Members. 
Single layer diagonal sheathing produces a load component acting perpendicular to the 
boundary frame members in the plane of the shear panel. Boundary frame members in 
single layer diagonally sheathed shearwalls and diaphragms shall be designed to resist the 
bending moments caused by the normal load component, in combination with the 
boundary member axial forces. In addition, boundary frame members shall be designed to 
prevent mutual separation at corner intersections. 
 
Proposed New Commentary Item:  
 
Boundary Members for Single Layer Diagonally Sheathed Shearwalls and Diaphragms. 
 
Single layer diagonal sheathing produces a load component acting perpendicular to the 
boundary frame members in the plane of the shear panel. Boundary frame members in 
single layer diagonally sheathed shearwalls and diaphragms should be designed to resist 
the mutual separation force, Fc, at corner intersections.  
 
In addition, boundary frame members in single layer diagonally sheathed shearwalls and 
diaphragms should be designed to resist the bending moment, Mb, caused by the normal 
load component, in combination with the boundary member axial forces. 
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For shearwalls:  

Fc = 
2s

sij

L
HF

 

Mb = 
s

sij

L
HF

8

2

 

where     
Fij = the factored shear force applied to the shearwall segment 
Hs = the height of the shearwall segment 
Ls =  the length of the shearwall segment 
 
For diaphragms:  

Fc = 
2

dF  

Mb = 
8
DFd  

where     
Fd = the factored diaphragm shear force at the boundary member 
D = depth of the diaphragm 
 
Rationale and Impact of Change 
 
In the US International Building Code (IBC), the shear strength of shearwall with double 
layer of diagonally sheathed lumber is specified as twice that of a shearwall with single 
layer of diagonally sheathed lumber.  Tests conducted at Forintek on shearwalls with 
double layer of diagonally sheathed lumber confirmed that the shear strength specified in 
the IBC is appropriate. The current shear strength for such walls specified in CSA 
Standard O86, which is three times the resistance of a shear wall with single layer of 
diagonal sheathing, is too liberal. The attached Forintek research paper, which was 
submitted for publishing in the ASCE Journal of Structural Engineering provides detailed 
information of the conducted shearwall tests.  
 
The change of specified shear strength for shearwalls with double layer of diagonally 
sheathed lumber will ensure that such shearwalls are on the same safety level as 
shearwalls with single layer of diagonally sheathed lumber, as well as shearwalls with 
wood-based panels. 
 
Comments from the 2006 polling of this item indicated that additional information was 
required to clarify how forces at the corners of boundary elements should be addressed.  
It was suggested that the wording in the poll be clarified and a commentary note be 
added. 
 
New information has been introduced in this 2007 poll item to provide a commentary 
note that gives additional guidance on the separation force at the corners of single layer 
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diagonally sheathed shearwalls and diaphragms and the magnitude of the bending 
moment caused by normal load component of the diagonal sheathing.   
 
Testing and analysis show that load configurations that produce a compression force in 
the single layer diagonal sheathing will cause boundary members to be pushed out and 
corners to separate.  The attached diagrams illustrate the external and internal forces 
acting on single layer diagonally sheathed shearwalls and diaphragms.  Connections are 
required at the corners to resist the internal forces created by diagonal sheathing pushing 
on the end members. 
 
References: 
Chun Ni, Erol Karacabeyli, 2007 “Performance of Shear Walls with Diagonal or 
Transverse Lumber Sheathing” Accepted for publication in the ASCE Journal of Civil 
Engineering. 
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Figure 1
Shearwall loaded with diagonal sheathing in compression 
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End post of shearwall loaded with diagonal sheathing in compression 
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Poll Item No. 7 June 2007 – Revised October 2007 
 
Title Deflection of shearwalls and diaphragms  
 
Previous Poll No.  
 
Name of Proponent:  Chun Ni, Marjan Popovski, Erol Karacabeyli  
 
 
Proposed Change:  
Add new Clauses 9.7, 9.7.1 and 9.7.2 for calculating deflections of shearwalls and 
diaphragms. 
 
9.7 Deflection of shearwalls and diaphragms 
 
9.7.1 Deflection of shearwalls 
Static deflection of a blocked shearwall with wood-based panels, constructed in 
accordance with Clauses 9.5.3, 9.5.4, and 9.5.5, respectively, can be determined as 
follows:  
 

answ d
b
HHe

B
vH

EAb
vH

+++=Δ 0025.0
3
2 3

ν

 

where: 
 A = cross sectional area of the boundary member mm² ; 
 Bv = shear-through-thickness rigidity of the sheathing, N/mm, Table 7.3C; 
 b = wall length, mm; 
 Δsw = deflection at the top of the wall, mm; 
 da = total vertical elongation of wall anchorage system (including fastener slip, 

device elongation, anchor or rod elongation etc.) at the induced shear load;  
 E = elastic modulus of boundary element (vertical member at shearwall 

boundary), N/mm²; 
 en = nail deformation, mm, according to Clause A10.9.3.2; 
 H = wall height, mm; 
 v = maximum shear due to specified loads at the top of the wall, N/mm. 
 
Deflection of an unblocked shearwall with wood-based panels can be determined as 
follows: 

ub

sw
ub J

Δ
=Δ  

where: 
 Jub =  adjustment factor for unblocked shearwall from Table 9.4.4; 
 Δsw =  calculated deflection for a blocked shearwall with 600 mm stud spacing 

and nails spaced at 150 mm on centre around panel edges and 300 mm on 
centre along intermediate framing members; 

 Δub =  calculated deflection for unblocked shear wall. 
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9.7.2 Deflection of Wood Diaphragms 
Static deflection of a simply supported blocked diaphragm with wood-based panels, 
constructed in accordance with Clauses 9.5.3, 9.5.4, and 9.5.5, respectively, can be 
determined as follows: 
 

( )
b

x
Le

B
vL

EAb
vL c

n
v

d 2
000614.0

496
5 3 ∑ Δ

+++=Δ  

 
where: 
 A = area of flange cross section, mm²; 
 Bv = shear-through-thickness rigidity of sheathing, N/mm, Table 7.3C; 
 b = diaphragm width, mm; 
 E = elastic modulus of the flange, N/mm²; 
 en = nail deformation, mm, according to Clause A10.9.3.2; 
 L = diaphragm length, mm; 
 v = maximum shear due to specified loads in the direction under 

consideration, N/mm; 
 Δd = lateral deflection of the diaphragm at mid-span, mm; 
       Σ(Δc x) =  sum of individual chord-splice slip values Δc on both sides of the 

diaphragm, each multiplied by its distance x to the nearest support.  
 
 
Proposed New Commentary Items:  
1. Remove the existing part of the commentary to clause 9.5.4 related to deflections of 

shearwalls and diaphragms. 
2. Create a new commentary to Clauses 9.7.1 and 9.7.2 as follows: 
 
Clause 9.7.1 – Deflections of shearwalls 
 
The deflection formula for shearwalls was developed by APA based on engineering 
principles (APA 1952, APA 2002). It provides a reasonable estimate of shearwall 
deflection due to loads applied in the factored resistance shear range. The formula 
combines four components contributing to the shearwall deflection: deflection due to 
shearwall bending, shear, fastener slip, and anchorage deformation. For proprietary 
anchoring devices, the value for da shall be obtained from the manufacturers of such 
devices.  
 
Though the original formula was developed only for blocked shearwalls with hold-downs 
at both ends, based on the findings from Ni & Karacabeyli (2004), the formula can also 
be used for calculating deflections of shearwalls without hold-downs, and shearwall with 
wood-based panels on one side and gypsum wallboard on the other side.  
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For shearwalls without hold-downs, the deflection due to anchorage details, da, can be 
determined by using the influence of the nail joints along the bottom plate. Based on 
force equilibrium, the nail deflection at the tension end of the wall can be calculated as:  
 

7.1
/)(5.2 ⎥
⎦

⎤
⎢
⎣

⎡ −
≈

u

n
ma n

bsPvHdKd  

 
where:  

sn = nail spacing around panel edge, mm; 
d = nail diameter, mm; 
Km = service creep factor (Table A10.9.3.2); 
ν = maximum shear due to specified load at the top of the wall, N/mm; 
H = wall height mm; 
P = specified load per nail, N; 
b = length of the wall, mm; 
nu = unit lateral nail strength resistance from Table 10.9.4, N. 

 
Test results have shown that the lateral load capacities for shearwalls are cumulative in 
the elastic range, when same or different sheathing is applied on both sides (Karacabeyli 
& Ceccotti). As a result, shearwalls with sheathing on both sides can be treated as two 
separate walls, and the deflection of such shearwalls can be determined based on 
shearwalls sheathed with wood-based panels on one side only, once the load distribution 
between the two sides (panels) can be determined. 
 
Clause 9.7.2 – Deflections of diaphragms 
 
The deflection formula for diaphragms was also developed by APA based on engineering 
principles. The first part of the equation represents the deflection due to bending, 
assuming that only the flanges carry the bending moment. The second part of the 
equation represents the shear deformation of the panels forming the web of the 
diaphragm. The third part represents the relative movement of panels due to nails along 
panel boundaries. The forth term applies to the chord splice slip. The formula is 
applicable to uniformly nailed and blocked diaphragms only.  
 
 
Rationale and Impact of Change 
 
The current edition of CSAO86 does not include clauses for calculation of the deflection 
of shearwalls and diaphragms in the main body of the standard. Such equations as 
suggestion are, however, included in the commentary to the Standard. It is proposed here 
that with some changes and additions, the equations be moved in the main body of the 
Standard. It is proposed that the existing part of the commentary to clause 9.5.4 related to 
deflections of shearwalls and diaphragms be removed and a new commentary to Clauses 
9.7.1 and 9.7.2 be created.  
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One change in the equations is made by adding an additional forth term in the equation 
for calculating of deflections of blocked diaphragms. The added fourth term estimates the 
contribution of the chord-splice slip on the total diaphragm deflection. Also, formula for 
calculating deflections of unblocked shearwalls is included in Clause 9.7.1. In addition, 
based on the research presented in Ni & Karacabeyli 2004, formulas for calculating the 
deflection of shearwalls without hold-downs, are included in the commentary to the 
Clause 9.7.1. Predicted shearwall deflection using the proposed equations is in reasonable 
agreement with the test results.  
 
The equations for calculating deflections of shearwalls and diaphragms proposed here are 
already included in the 2006 US International Building Code, except those for walls 
without hold-downs, and unblocked walls, that are in process. Such equations are also 
available in ANSI / AF&PA SDPWS-2005. 
 
References: 
ANSI / AF&PA SDPWS-2005. Special Design Provisions for Wind and Seismic. 
American Forest and Paper Association.  

APA, 2002. Shear Wall Deflection and Predictive Equations. Research Report T2001L-
65.  APA – The Engineered Wood Association, Tacoma, WA.  

Countryman, David. 1952. APA Report 55. Lateral Tests on Plywood Sheathed 
Diaphragms. (Out of Print) APA – The Engineered Wood Association, Tacoma, WA. 

Karacabeyli E., Ceccotti A., 1996. Test Results on the Lateral Resistance of Nailed Shear 
Walls. Proceedings of the International Wood Engineering Conference, New Orleans, 
USA, Vol.2, 179-186. 

Mi, H., Ni, C., Chui, Y.H., Karacabeyli, E., 2006.  Racking Performance of Tall 
Unblocked Shear Walls.  ASCE Journal of Structural Engineering.  Volume 132, Number 
1, 145-152. 

Ni, C., Karacabeyli, E., 2002.  Effect of Blocking in Horizontally Sheathed Shear Walls.  
Wood Design Focus, Forest Products Society, Volume 12, Number 2.  

Ni, C., Karacabeyli, E., 2004. Deflection of Nailed Shearwalls and Diaphragms. 
Proceedings of 8th World Conference on Timber Engineering, Lahti, Finland.  
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Poll Item No. 8 June 2007 – Revised October 2008 
 
Title Special Seismic Design Considerations for 

Shearwalls and Diaphragms 
 
Previous Poll No.  
 
Name of Proponent:  Marjan Popovski, Erol Karacabeyli, Chun Ni  
 
 
Proposed Change:  
Add new Clauses 9.8, 9.8.1, 9.8.2 and 9.8.3 that contain specific seismic design 
procedures for shearwalls and diaphragms in platform-frame and single-story hybrid 
structures. Proposed clauses are in line with the recommendations proposed by the 
Lateral Load Design Task Group in their letter sent to the Chair of the CSAO86 
Technical Committee, on the issue of design of wood-based diaphragms in wood 
structures. 
 
9.8 Specific Seismic Design Considerations for Shearwalls and Diaphragms 
 
9.8.1 Shearwall Hold-downs and Anchor bolts 
Factored resistance of shearwall hold-downs resisting the uplift forces and anchor bolts 
resisting the shear forces shall be at least 10% greater than the factored resistance of the 
corresponding shearwall or shearwall segment.  
 
9.8.2 Diaphragms in Platform-frame Construction 
The design load for a diaphragm shall be at least 10% greater than the anticipated seismic 
load determined according to the NBCC procedures. Connections connecting the 
diaphragm to the shearwalls, diaphragm chords, splice joints, drag struts as well as parts 
of the diaphragms around openings and wall offsets, shall be designed for a force that is 
at least 10% greater than the design load of the diaphragm itself.  
 
9.8.3 Diaphragms in Single-Story Buildings 
 
9.8.3.1 General 
Clause 9.8.3 is related to single story structures that utilize wood, reinforced concrete, 
masonry, or steel braced walls for vertical SFRSs, and have wood roofs. Vertical SFRSs 
shall be designed according to appropriate CSA material standards, where applicable.  
 
9.8.3.2 Diaphragms and Connections 
The diaphragm shall be designed for the anticipated seismic loads. Such seismic loads, 
however, shall not exceed the values corresponding to Ro × Rd = 2.0. The connections 
connecting the diaphragm (roof) to the vertical SFRSs, as well as the other load transfer 
components, shall be designed for an increased seismic load of at least 10%, compared to 
that of the diaphragm.  
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Proposed New Commentary Item for Clause 9.8:  
Clause 9.8 is related to the requirements specified in the NBCC Clause 4.1.8.15.1. The 
NBCC Clause warrants that the seismic design of structures shall follow the principles of 
capacity design. According to these principles, structural collapse shall be prevented by 
ensuring that the inelastic behaviour is confined to those structural elements that can 
dissipate energy inelastically during the reversing deformation cycles without significant 
loss of capacity, while all other elements are designed to be stronger to allow this 
mechanism to develop. Capacity-based design procedures are already included in seismic 
design of concrete, steel, and masonry structures according to corresponding CSA 
material design standards. 
 
Although Clause 9.8 is not based on true capacity design principles, it represents a step 
forward in ensuring the designer that the inelastic structural behaviour and energy 
dissipation during a seismic event will occur in the predetermined elements of the 
building. While true capacity design procedures deal with comparison of the capacities 
(probable strengths) of members and connections as the best way to ensure that the 
yielding is contained in a particular part of the structure, Clause 9.8 uses terms such as 
design load and factored resistance to increase the likelihood that this goal will be 
achieved. To increase the likelihood that the shearwalls will be able to develop their 
energy dissipating characteristics, Clause 9.8.1 states that the factored resistance of the 
hold-downs resisting the uplift forces and anchor bolts resisting the shear forces shall be 
at least 10% greater than the factored resistance of the shearwall itself. Similarly, Clause 
9.8.2 warrants use of minimum 10% greater design loads for the diaphragms and 
additional 10% for its connections and other force transfer elements, to ensure that during 
a seismic event there is significant likelihood that the yielding will occur in the vertical 
SFRSs (shearwalls) and not in the diaphragm itself.  
 
Review of the past seismic performance of platform wood-frame structures across North 
America (Rainer and Karacabeyli, 1999) showed that failure of such structures was 
mainly related to the soft-story effect at the bottom floor. Although not impossible, a 
diaphragm failure in a platform frame building during a seismic event is highly unlikely 
even when using past diaphragm design loads. The 10% increase on the diaphragm 
design load in Clause 9.8.2 will decrease this likelihood even further. It should be 
mentioned that the 10% figure is not a result of any analysis, but it is simply a factor 
agreed on by taking into account the overall structural performance and the potential 
economic impact of the design change given in the Clause. 
 
Clause 9.8.3 deals with the design of single story wood structures or single story hybrid 
structures with wood roofs. Hybrid structures are structures that utilize wood, reinforced 
concrete, masonry, or steel braced walls as vertical SFRSs, and have wood roof 
diaphragms. This Clause introduces a limit (force cutoff) for the maximum seismic 
design force in a roof diaphragm in single story buildings. Without such force limit, it 
becomes very impractical, if not impossible, to design wood roof diaphragms according 
to the 2005 NBCC, since the diaphragm itself has to be stronger than the concrete or the 
masonry walls below it.  
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For buildings that have ductile roof diaphragms on concrete or masonry walls, a system 
which relies on the energy dissipating characteristics of the nailed wood diaphragms and 
elastic behaviour in the vertical elements can be employed if one can demonstrate (based 
on experimental and analytical investigation, or solid engineering principles) that the 
safety and serviceability performance of such structure is in line with its intended 
purpose. 
 
Rationale and Impact of Change 
The proposed new sections are related to the requirements that need to be implemented in 
CSAO86 as a result of the new 2005 NBCC requirements, especially the clause 
4.1.8.15.1, which states that: “Diaphragms and their connections shall be designed so as 
not to yield, and the design shall account for the shape of the diaphragm including 
openings, and for forces generated in the diaphragm due to following cases, whichever 
one governs: 
a) forces due to loads determined in articles 4.1.8.11 and 4.1.8.12 applied to the 

diaphragm must be increased to reflect the lateral load capacity of the Seismic Force 
Resisting System (SFRS), plus forces in the diaphragm due to the transfer of forces 
between elements of the SFRS associated with the lateral load capacity of such 
elements and accounting for discontinuities and changes in stiffness in these 
elements, or …… 

The 2005 NBCC Commentary to this Clause explains its purpose. It states that seismic 
design shall prevent structural collapse by ensuring that the inelastic behaviour is 
confined to those elements that can dissipate energy inelastically during reversing cycles 
of deformation without significant loss of capacity, while all other elements are designed 
to be stronger, to allow this mechanism to develop. These requirements are based on the 
capacity-based design procedures that are currently in place for seismic design of 
structures in other material codes and standards.  Although the NBCC Commentary also 
states that capacity design procedures for wood structures can be found in CSAO86, no 
such guidelines exist in the CSAO86 at this point.  
 
Due to limited time available for action, comprehensive reliability-based capacity-design 
procedures could not have been developed and implemented in the CSAO86 during this 
code cycle. While the capacity design procedures deal with the capacities (probable 
strengths) of members and connections, the design provisions proposed for 
implementation at this point suggest use of greater design loads for certain elements and 
connections with aim to force the yielding to occur in the vertical SFRS, and to ensure 
that the designer controls the load path and the energy dissipating characteristics of the 
building during a seismic event.  
 
The proposed Clauses 9.8, 9.8.1, 9.8.2 and 9.8.3 deal with the design procedures for 
shearwalls and diaphragms in multi-story platform-frame and single-story wood-based or 
hybrid structures. Hybrid buildings are those that utilize wood, reinforced concrete, 
masonry, or steel braced walls for vertical SFRSs, and have wood roofs (diaphragms). By 
specifying certain design force levels for diaphragms and their connections in the new 
design clauses, four main goals will be achieved: First, introduction of the section 9.8.1 
will ensure that the hold-downs and the anchor bolts have adequate resistance to allow 
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the shearwall to yield and dissipate the seismic input energy. Second, it will bring 
consistency to the design of wood diaphragms under seismic loads.  
 
Third, increasing the seismic design force on the diaphragm of at least 10%, will give 
more assurance that in platform wood-frame construction the shearwall is the yielding 
element in the structure and not the diaphragm or its connections. Fourth, the adoption of 
Clause 9.8.3 will put a more liberal limit to the seismic design force that the diaphragm 
(roof) should be designed for in single story wood hybrid buildings. Without introducing 
such limit (steel conventional construction has a similar provision), it will be very 
impractical to design a wood roof diaphragm according to 2005 NBCC, since the 
diaphragm itself has to be stronger than the concrete or the masonry walls below it.  
 
For buildings that have ductile roof diaphragms on concrete or masonry walls, a system 
which relies on the energy dissipating characteristics of the nailed wood diaphragms and 
elastic behaviour in the vertical elements can be employed if one can demonstrate (based 
on experimental and analytical investigation, or solid engineering principles) that the 
safety and serviceability performance of such structure is in line with its intended 
purpose. 
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Poll Item No. 8 June 2007 – Revised January 17, 2007 
 
Title Specific Seismic Design Considerations for Shearwalls 

and Diaphragms 
 
Previous Poll No.  
 
Name of Proponents:  Marjan Popovski, Erol Karacabeyli, Chun Ni, Peggy 

Lepper, Alexander Salenikovich  
 
 
Proposed Change:  
Add new Clauses 9.8, 9.8.1, 9.8.2, 9.8.3, 9.8.4, 9.8.5, and 9.8.6 that contain specific seismic 
design procedures for shearwalls and diaphragms in platform-frame construction and wood-based 
diaphragms in buildings with other Seismic Force Resisting Systems (SFRSs). Proposed clauses 
are in line with the recommendations proposed by the CSAO86 Lateral Load Design Task Group 
on the design of diaphragms according to 2005 National Building Code of Canada (NBCC). They 
are also in line with the Canadian National Committee on Earthquake Engineering (CANCEE) 
recommendations from the November 2007 meeting regarding implementation of capacity based 
design procedures for wood structures. For clarity purposes underline font was not used in 
proposed clauses.  
 
9.8 Special Seismic Design Considerations for Shearwalls and Diaphragms 
 
9.8.1. General 
Clause 9.8 applies to structures that are located in seismic zones where according to NBCC the 
value of IEFaSa(0.2) is equal to or greater than 0.35.  
 
9.8.2 Shearwall Hold-downs and Anchor Bolts 
Anchor bolts resisting seismic shear forces and hold-downs resisting seismic uplift forces shall be 
designed for loads that are at least 20% greater than the seismic design loads on the 
corresponding shearwall or shearwall segment.  
Note:  See the Canadian Wood Council’s Commentary for additional explanation. 
 
9.8.3 Storey Over-capacity Ratio Ci and Seismic Force Cut-off Coefficient Co
The over-capacity ratio Ci for a given storey i , shall be greater than or equal to 1, and shall be 
determined as: 

fi

ri
i V

VC =   

 
where: 
 
Vri = factored resistance of all shearwalls in a given storey i;  
Vfi = factored seismic shear load for storey i obtained according to NBCC procedures. 
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The seismic force cut-off coefficient Co shall be determined as: 
 
Co = minimum {1.2, C1} 
 
where C1 is the over capacity coefficient for the first storey. 
Note: Ci is calculated separately for each horizontal direction 
 
 
9.8.4 Shearwalls in Buildings Constructed with Wood Diaphragms Supported on Wood 
Shearwalls 
 
9.8.4.1 Seismic Design Forces 
Seismic design load acting on shearwalls at a particular storey i, shall be determined as: 
 

fioSi VCV ⋅=  
 
where: 
 
VSi = seismic design shear load for storey i; 
Co = seismic force cut-off coefficient (see Clause 9.8.3); 
Vf i = factored seismic shear load for storey i obtained according to NBCC procedures;  
 
9.8.4.2 Second Storey to First Storey Over Capacity Ratio 
In multi-storey structures, shearwalls shall be designed such that: 
 

1.0 < 
1

2

C
C

 ≤ 1.1 

 
where:  
 
C2 = over-capacity coefficient for the second storey. 
C1 = the over-capacity coefficient for the second storey. 
Note: Vsi is calculated separately for each horizontal direction. 
          See the Canadian Wood Council’s Commentary for additional explanation. 
 
9.8.5 Diaphragms Supported on Wood Shearwalls 
 
9.8.5.1 Seismic Design Forces 
Seismic design load for diaphragms in each storey ‘i’ shall be calculated as: 
 

ioDi FCV ⋅=  
 
where: 
 
VDi = seismic design load on the diaphragm at storey i; 
Co = seismic force cut-off coefficient (see Clause 9.8.3); 
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Fi = specified seismic force at storey i calculated according to NBCC procedures. 
 
9.8.5.2 Design of Force Transfer Elements 
Connections of the diaphragm to the shearwalls, diaphragm chords, splice joints, drag struts as 
well as parts of the diaphragm around openings, and other load-transfer elements, shall be 
designed for seismic loads that are at least 20% greater than the seismic design load on the 
diaphragm VDi.  
 
Parts of the diaphragm around wall offsets shall be designed for seismic loads that are at least 
20% greater than the seismic design load of the offset shearwall.   
Note:  See the Canadian Wood Council’s Commentary for additional explanation. 
 
9.8.6 Wood Diaphragms in Buildings with SFRSs other than Wood Shearwalls 
 
9.8.6.1 General 
Clause 9.8.6 applies to buildings that use reinforced concrete, masonry, steel, or wood-based 
structural systems other than wood shearwalls for vertical SFRSs, and have wood diaphragms. 
Vertical SFRSs shall be designed according to appropriate CSA material standards.  
 
9.8.6.2 Seismic Load on Diaphragms and Connections 
Diaphragms and connections of the diaphragms to the vertical SFRSs shall be designed for 
seismic loads that are at least 20% greater than the anticipated seismic load on the diaphragms. 
Such seismic loads, however, shall not exceed the values calculated using Ro·Rd = 2.0. 
Note:  See the Canadian Wood Council’s Commentary for additional explanation. 
 
 
Proposed New Commentary Item for Clause 9.8  
Clause 9.8 is related to the seismic design requirements specified in the NBCC Clause 4.1.8.15.1, 
which states that seismic design of structures should follow the principles of capacity design. 
According to these principles, structural collapse shall be prevented by ensuring that the inelastic 
behaviour is confined to the structural elements that can dissipate energy inelastically during the 
reversing deformation cycles without significant loss of capacity, while all other elements are 
designed to be stronger to allow this mechanism to develop. Capacity-based design procedures 
are already included in seismic design of concrete, steel, and masonry structures according to 
corresponding CSA material design standards. 
 
Although not all of the requirements of Clause 9.8 are based on true capacity based design 
principles, they represent a step forward in ensuring that the inelastic structural behaviour and 
energy dissipation during a seismic event will occur in the predetermined elements of the 
building. Requirements of Clause 9.8 are also based on the observed seismic performance of 
wood-frame structures during past earthquakes, and the structural performance obtained from 
full-size shake table tests.  Although very few failures were observed in hold-down and anchor 
bolt connections, an additional 20% increase on their loads is requested to further increase the 
likelihood that the shearwalls will be able to develop their energy dissipating mechanism.  
Similarly, proposed Clause 9.8.6 suggests 20% greater design loads for the diaphragms, 
diaphragm connections and other force transfer elements.  
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ri
i V

VC =  

 
 

Figure 12.8.1. Determining the seismic design forces in platform frame construction 
 
Review of the past seismic performance of platform wood-frame structures across North America 
(Rainer and Karacabeyli, 1999) showed that the very few failures of such structures were mainly 
related to the soft-story mechanism that developed at the first floor. By limiting the ratio of the 
over-capacity coefficients for the first two stories to 1.0 < C2/C1 ≤ 1.1, and increasing the design 
loads for hold downs and anchor bolts for 20%, the Clause 9.8 goes one step further in ensuring 
that such failure mode is avoided. The review also showed that diaphragm failure in a platform 
frame buildings during a seismic event is highly unlikely when using diaphragm design loads 
according to 1995 and previous editions of NBCC. The suggested increase of the design load on 
the diaphragm will further decrease the likelihood of diaphragm failure even further.  
 
The suggested process of determining the seismic shear forces on shearwalls and diaphragms 
(Figure 12.8.1) is the following: 

1. Determine the seismic storey forces according to the NBCC procedures; 
2. Obtain the factored seismic shear forces at each storey as a sum of the factored seismic 

forces above that storey;  
3. Design the first storey of the structure using the first storey factored seismic load;  
4. Determine the actual factored shear resistance of the first storey, Vr1 , that is related to the 

existing number and length of shearwalls on that storey; 
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5. Calculate the over-capacity factor for the first storey C1 as a ratio of Vr1 and the factored 
load for the first storey Vf1; 

6. Determine the seismic force cut-off coefficient Co as the lesser of C1 and 1.2; 
7. Determine the seismic design loads on other stories by multiplying the factored seismic 

shear load of each storey by the force cut-off coefficient Co; 
8. For multi-storey buildings, calculate the over-capacity factor for the second storey C2 as a 

ratio of the factored shear resistance on the second storey Vr2 and the factored shear load 
for that storey, Vf2; 

9. Check the ratio of C2/C1. The ratio shall be within the limits of: 1.0 < C2/C1 ≤ 1.1. If the 
ratio is not within the specified limits, either reduce or increase the actual resistance in 
one of the stories (i.e. Vr1 or Vr2). The intent of limiting the C2/C1 ratio within the 
specified limits is to ensure that the non-linear behaviour during a seismic event begins to 
develop at the first storey, followed by the second storey, but before the first storey 
reaches its strength and ductility capacity.  

10. One could check the remaining Ci+1/Ci ratios along the remaining storeys of the building 
and apply the same procedure, however, results from dynamic analyses on four storey 
platform frame buildings suggest that the first two storeys contribute the most to the 
seismic response and energy dissipation of the building.  

 
Clause 9.8.6 applies to buildings that use reinforced concrete, masonry, steel, or wood-based 
structural systems other than wood shearwalls for vertical SFRSs, and have wood diaphragms. 
The NBCC Clause 4.1.8.15.1 states that diaphragms shall be designed as not to yield. In other 
words, the diaphragm shall be designed either to be stronger than the vertical SFRSs below it, or 
using the seismic design force for the SFRS determined according to the equivalent static 
procedure multiplied by Ro·Rd (linear elastic design). Clause 9.8.6 introduces an upper limit 
(force cut-off) on the seismic design force for the wood diaphragm. Without introduction of such 
limit it becomes very impractical, if not impossible, to design the specified buildings with wood 
diaphragms according to the 2005 NBCC. 
 
References:  
 
Rainer, H., Karacabeyli, E. 1999. Performance of Wood-frame Building Construction in 
Earthquakes. Special Publication SP-40. Forintek Canada Corp., Vancouver, BC. 
 
 
Rationale and Impact of Change 
The proposed new sections are related to the requirements that need to be implemented in 
CSAO86 as a result of the new 2005 NBCC requirements, especially the clause 4.1.8.15.1, which 
states that: “Diaphragms and their connections shall be designed so as not to yield, and the 
design shall account for the shape of the diaphragm including openings, and for forces generated 
in the diaphragm due to following cases, whichever one governs: 
a) forces due to loads determined in articles 4.1.8.11 and 4.1.8.12 applied to the diaphragm 

must be increased to reflect the lateral load capacity of the Seismic Force Resisting System 
(SFRS), plus forces in the diaphragm due to the transfer of forces between elements of the 
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SFRS associated with the lateral load capacity of such elements and accounting for 
discontinuities and changes in stiffness in these elements, or …… 

The 2005 NBCC Commentary to this Clause explains its purpose. It states that seismic design 
shall prevent structural collapse by ensuring that the inelastic behaviour is confined to those 
elements that can dissipate energy inelastically during reversing cycles of deformation without 
significant loss of capacity, while all other elements are designed to be stronger, to allow this 
mechanism to develop. These requirements are based on the capacity-based design procedures 
that are currently in place for seismic design of structures in other material codes and standards.  
Although the NBCC Commentary also states that capacity design procedures for wood structures 
can be found in CSAO86, no such guidelines exist in the CSAO86 at this point.  
 
The proposed Clause 9.8 deals with the design procedures for shearwalls and diaphragms in 
platform-frame construction, and for wood-based diaphragms in structures with vertical SFRSs 
other than wood shearwalls, including systems that are made of materials other than wood 
(hybrid buildings).  
 
The proposed clauses will bring consistency and clarity to the design of wood diaphragms under 
seismic loads according to the 2005 NBCC criteria, and will help eliminate the existing confusion 
regarding design of wood diaphragms.  Proposed clauses were developed based on observations 
of the seismic performance of wood-frame buildings in recent earthquakes and on the results 
from full-size shake table tests.  
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Poll Item No. 8 June 2007 – Revised January 28, 2007 
 
Title Special Seismic Design Considerations for Shearwalls 

and Diaphragms 
 
Previous Poll No.  
 
Name of Proponents:  Marjan Popovski, Erol Karacabeyli, Chun Ni,  
 
 
Proposed Change:  
Add new Clauses 9.8, 9.8.1, 9.8.2, 9.8.3, and 9.8.4 that contain special seismic design provissions 
for shearwalls and diaphragms in platform-frame construction and wood-based diaphragms used 
in buildings with other Seismic Force Resisting Systems (SFRSs). Proposed clauses are in line 
with the recommendations proposed by the CSAO86 Lateral Load Design Task Group on the 
design of diaphragms according to 2005 National Building Code of Canada (NBCC). They also 
take into account some of the comments and recommendations from the Canadian National 
Committee on Earthquake Engineering (CANCEE) expressed at its November 2007 meeting 
regarding implementation of capacity based design procedures for wood structures. For clarity 
purposes underline font was not used in proposed clauses.  
 
9.8 Special Seismic Design Considerations for Shearwalls and Diaphragms 
 
9.8.1. General 
Clause 9.8 applies to structures located in seismic zones where according to National Building 
Code of Canada (NBCC) the value of IEFaSa(0.2) is equal to or greater than 0.35. Seismic design 
forces for shearwalls and diaphragms shall be determined using the appropriate procedures and 
corresponding values for Ro and Rd provided in NBCC.  
 
9.8.2 Shearwall Hold-downs and Anchor Bolts 
Anchor bolts resisting seismic shear forces and hold-downs resisting seismic uplift forces shall be 
designed for forces that are at least 15% greater than the seismic design force on the 
corresponding shearwall or shearwall segment.  
Note:  See the Canadian Wood Council’s Commentary for additional explanation. 
 
9.8.3 Diaphragms Supported on Wood Shearwalls 
Connections of the diaphragm to the shearwalls, diaphragm chords, splice joints, drag struts as 
well as parts of the diaphragm around openings, and other load-transfer elements, shall be 
designed for seismic forces that are at least 15% greater than the seismic design force on the 
diaphragm. Parts of the diaphragm around wall offsets shall be designed for seismic forces that 
are at least 15% greater than the seismic design force of the offset shearwall.   
Note:  See the Canadian Wood Council’s Commentary for additional explanation. 
 
9.8.4 Wood Diaphragms in Buildings with SFRSs other than Wood Shearwalls 
 
9.8.4.1 General 
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Clause 9.8.4 applies to buildings that for vertical SFRSs have reinforced concrete, masonry, steel, 
or wood-based structural systems other than shearwalls, and have wood diaphragms. Vertical 
SFRSs shall be designed according to NBCC and the appropriate CSA material standards.  
 
9.8.4.2 Seismic Forces on Diaphragms and Connections 
Diaphragms and connections of the diaphragms to the vertical SFRSs shall be designed for 
seismic forces that are at least 20% greater than the anticipated seismic force on the diaphragms. 
Such seismic forces, however, shall not exceed the values calculated using Ro·Rd = 2.0. 
Note:  See the Canadian Wood Council’s Commentary for additional explanation. 
 
 
Proposed New Commentary Item for Clause 9.8  
Clause 9.8 is related to the seismic design requirements specified in the NBCC Clause 4.1.8.15.1, 
which states that seismic design of structures should follow the principles of capacity design. 
According to these principles, structural collapse shall be prevented by ensuring that the inelastic 
behaviour is confined to the structural elements that can dissipate energy inelastically during the 
reversing deformation cycles without significant loss of capacity, while all other elements are 
designed to be stronger to allow this mechanism to develop. Capacity-based design procedures 
are already included in seismic design of concrete, steel, and masonry structures according to 
corresponding CSA material design standards. 
 
Although the requirements of Clause 9.8 are not based on true capacity design principles, they 
represent a step forward in ensuring that the inelastic structural behaviour and the energy 
dissipation during a seismic event will occur in the predetermined elements of the building. The 
requirements are mainly based on the observed seismic performance of wood-frame structures 
during past earthquakes (Rainer and Karacabeyli, 1999), the observed performance of structural 
components during numerous quasi-static tests under reversible seismic loads, and on the 
structural performance of wood-frame buildings during full-scale shaking table tests.  
 
Although very few failures were observed in hold-down and anchor-bolt connections during past 
earthquakes and experimental tests, an additional 15% increase on their design loads is requested 
to further increase the likelihood that the shearwalls will be able to develop their energy 
dissipating mechanism. Also, past seismic performance of platform wood-frame structures 
showed that diaphragm failure during a seismic event is highly unlikely. Consequently, no 
increase on design loads for diaphragms in wood-frame construction is requested in the Clause 
9.8. An increase of minimum 15% on the design loads for the connections connecting the 
diaphragm to the vertical shearwalls is requested, however, to further ensure that these 
connections will be able to transfer the seismic forces attracted by the diaphragm to the 
shearwalls underneath. Similarly, a minimum of 15% increase on the design loads for the other 
force transfer elements in the diaphragm is also requested. 
 
Clause 9.8.4 applies to buildings that use reinforced concrete, masonry, steel, or wood-based 
structural systems other than wood shearwalls for vertical SFRSs, and have wood diaphragms. 
The NBCC Clause 4.1.8.15.1 states that diaphragms shall be designed as not to yield. In other 
words, the diaphragm shall be designed either to be stronger than the vertical SFRSs below it, or 
using the seismic design force for the SFRS determined according to the equivalent static 
procedure multiplied by Ro·Rd (linear elastic design). Clause 9.8.4 introduces an upper limit 

Appendix C 3



(force cut-off) on the seismic design force for the wood diaphragm. Without introduction of such 
limit it becomes very impractical, if not impossible, to design the specified buildings with wood 
diaphragms according to the 2005 NBCC. 
 
References:  
 
Rainer, H., Karacabeyli, E. 1999. Performance of Wood-frame Building Construction in 
Earthquakes. Special Publication SP-40. Forintek Canada Corp., Vancouver, BC. 
 
 
Rationale and Impact of Change 
The proposed new sections are related to the requirements that need to be implemented in 
CSAO86 as a result of the new 2005 NBCC requirements, especially the clause 4.1.8.15.1, which 
states that: “Diaphragms and their connections shall be designed so as not to yield, and the 
design shall account for the shape of the diaphragm including openings, and for forces generated 
in the diaphragm due to following cases, whichever one governs: 
a) forces due to loads determined in articles 4.1.8.11 and 4.1.8.12 applied to the diaphragm 

must be increased to reflect the lateral load capacity of the Seismic Force Resisting System 
(SFRS), plus forces in the diaphragm due to the transfer of forces between elements of the 
SFRS associated with the lateral load capacity of such elements and accounting for 
discontinuities and changes in stiffness in these elements, or …… 

The 2005 NBCC Commentary to this Clause explains its purpose. It states that seismic design 
shall prevent structural collapse by ensuring that the inelastic behaviour is confined to those 
elements that can dissipate energy inelastically during reversing cycles of deformation without 
significant loss of capacity, while all other elements are designed to be stronger, to allow this 
mechanism to develop. These requirements are based on the capacity-based design procedures 
that are currently in place for seismic design of structures in other material codes and standards.  
Although the NBCC Commentary also states that capacity design procedures for wood structures 
can be found in CSAO86, no such guidelines exist in the CSAO86 at this point.  
 
The proposed Clause 9.8 deals with the design procedures for shearwalls and diaphragms in 
platform-frame construction, and for wood-based diaphragms in structures with vertical SFRSs 
other than wood shearwalls, including systems that are made of materials other than wood 
(hybrid buildings).  
 
The proposed clauses will bring consistency and clarity to the design of wood diaphragms under 
seismic loads according to the 2005 NBCC criteria, and will help eliminate the existing confusion 
regarding design of wood diaphragms.  Proposed clauses were developed based on observations 
of the seismic performance of wood-frame buildings in recent earthquakes and on the results 
from full-size shake table tests.  
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Supplement to ASCE Journal of Structural Engineering Paper 

 Racking Performance of Tall Unblocked Shear Walls (Mi et al., 2006) 

Reference for Item 2‐15 in 06/07 SDPWS letter ballot 

In this supplement, the blocked and unblocked shear wall test data from Forintek (Mi et al., 2006) was 
normalized so that load deflection curves could be compared on the same basis. The only difference 
between the design values associated with each of these tests is the Cub factor (see Item 2‐15 proposal 
for details). The Cub factor is 1.0 for the blocked tests, 0.8 for test 66‐05 and 0.5 for all others. The 
normalization procedure used was to simply divide the test result by the appropriate Cub factor.  Figure s 
1‐3 contain the normalized load‐displacement curves. These same curves non‐normalized are shown in 
Mi et al., 2006, as curves 4a, 4b and 4c.    

The purpose of this supplement to show that the unblocked shear walls have equal strength, durability 
and energy dissipation compared to the blocked shear wall and a result, should be assigned the same 
seismic response coefficient, R. Per the ASCE 7‐05 Section 11.1.4 (bold emphasis added):  

“Alternate materials and methods of construction to those prescribed in the seismic 
requirements of this standard shall not be used unless approved by the authority having 
jurisdiction. Substantiating evidence shall be submitted demonstrating that the 
proposed alternate, for the purpose intended, will be at least equal in strength, 
durability, and seismic resistance.” 

More specifically, ASCE 7‐05 Section 12.2.1 (paragraph 3) states (bold emphasis added): 

“Seismic force‐resisting systems that are not contained in Table 12.2‐1 are permitted if 
analytical and test data are submitted that establish the dynamic characteristics and 
demonstrate the lateral force resistance and energy dissipation capacity to be 
equivalent to the structural systems listed in Table 12.2‐1 for equivalent response 

modification coefficient, R, system overstrength, Ωo, and deflection amplification factor, 
Cd, values.” 

By inspection of the load‐displacement response of the walls in Figures 1‐3, the unblocked shear 
wall load‐displacement response is equal or exceeds that of the blocked shear wall. As result, 
the energy dissipation also is equal or exceeds that of the blocked shear wall. The failure modes 
(nail bending and wood crushing) of the unblocked shear wall are also similar to blocked shear 
wall. The test data clearly demonstrate that the lateral force resistance and energy dissipation 
capacity to be equal or exceed that of the blocked shear wall currently permitted.  

Reference: 

Mi, H., Ni, C., Chui, Y.H., Karacabeyli, E., 2006. Racking Peformance of Tall Unblocked Shear Walls, 
Journal of Structural Engineering, ASCE, Vol. 132, No. 1, January, p. 145‐152. 
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