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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 the 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 particularly 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  

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

A review of similarities and differences of the seismic versus 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. February 2006  

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

Ductility capacity categories for different types of braced timber frames and rigid (moment 
resisting) frames. December 2006 

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  

Experimental data from quasi-static tests that will help quantify the static and dynamic 
behaviour of hybrid wood-to-steel braced frames. Develop draft design provisions for such 
systems.  

September 2007 

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

Produce a final report containing the research findings and achievements of the project. March 2009 
* At the time of preparing this report (mid March 2006) this item is planned to be completed by mid April 2006, and will be reported at 

a later date.  
 
Status 
New 
 
Partners 
Canada:  Canadian Wood Council 
 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, U.S. 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 
Canadian Wood Council (CWC), the design community and industry. The outcome of the workshop was 
summarized in eight resolutions dealing with research directions in the area of light-frame, heavy-frame and 
mixed structural systems and connections. In addition, a consensus was built at the workshop regarding the 
framework that shall 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 new project aims to deliver on the main 
suggestions and research directions agreed to at the workshop. The urgency for this work is also supported by 
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feedback obtained at a joint workshop held by the CWC and Forintek to help identify structural design issues 
limiting the use of wood in construction. 
 
Numerous research studies in the areas of connections and structural systems are being undertaken at 
universities and institutes across Canada. This project will use 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 U.S., 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 lateral load resisting systems 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 Lateral Load Resisting Systems Design Section in CSA O86, which will be 
consistent with the 2005 edition of the National Building Code of Canada; and (ii) 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.  
 
The approach used in this project consists of four main parts: (i) gathering existing research information on 
behaviour of various structural systems used in engineered wood construction that can be used in development 
of the new Lateral Load resisting Section; (ii) develop in-house research information where necessary by 
conducting experimental tests on various structural systems subjected to lateral loads; (iii) based on all 
information available, and in collaboration with the members of the CSA O86 Seismic Task Group and the 
Canadian Wood Council, 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 
Lateral Load Resisting Systems in the next edition of CSA O86. Furthermore, in collaboration with CWC, the 
information will be submitted to other North American design code committees for implementation.  
 
Work Completed this Fiscal Year 

Literature Review 
The main sources of lateral loads on buildings are either due to strong winds or earthquakes. During the first 
quarter of the project a literature survey was conducted on the similarities and differences of the nature of 
these loads, the structural response, and the design approach for lateral load-resisting systems subjected to 
seismic and wind loads. Although both wind and earthquake are short-term dynamic loads, the structural 
demands they impose, and the resulting modes of failure and deformations during the events differ. A short 
summary on the nature of loads and parameters that influence both types of loading is given below.  
 
Wind is nothing else but air in motion and the pressures it can exert on a building are related to its kinetic 
energy. The magnitude of the wind pressure or suction exerted on a structure depends upon the complex 
interaction between the airflow, the aerodynamic and structural properties of the building. The most important 
parameters that influence the wind flow for design purposes are: the basic wind speed; the mean recurrence 
interval of the wind speed that induces the ultimate load judged to be appropriate for the design of the type of 
structure under consideration; characteristics of the terrain surrounding the building; and the height above the 
ground for the structural system being considered. The effect of the wind flow on the structural systems or 
components of the building depends on the following: the aerodynamics of the building; the position of the 
areas acted on by the wind flow; the size of the area of the building of interest; the choice of the probability 
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that the peak fluctuating wind load acting on the system will exceed the design wind load; structural properties 
of the system under consideration, including the effect of gravity or other loads; and the susceptibility of the 
structural system to dynamic effects induced by the wind load fluctuations. For design purposes a building 
subjected to wind loads is assumed to remain within the linear elastic range, so stiffness and strength of the 
lateral load-resisting system are of utmost importance.  
 
The seismic response of a timber structure is also a complex issue, involving many different interacting 
factors, which need to be understood and quantified. The ground acceleration, velocity and displacements 
(referred to as ground motion) when transmitted through a structure cause inertial forces and displacements 
that sometimes may exceed those that the structure can sustain. Observations from past earthquakes supported 
by theoretical and experimental considerations have shown that besides characteristics of the ground motion, 
the following few parameters are of significant importance in the seismic response of wood buildings: the 
properties of wood as a structural material; building configuration and structural irregularities; dynamic 
characteristics of the building; the structural contribution and influence of non-structural elements and details; 
deformational characteristics of the building; damping; energy dissipating mechanisms; and redundancy. An 
understanding of how these factors influence the response of the structure is essential for a safe and economic 
seismic design. Since for design purposes a building subjected to earthquake loads is expected to undergo non-
linear deformations, the seismic design process should involve a careful balance of the strength, stiffness, and 
ductility properties of the lateral load resisting system of the structure.  
 
National and International Code Activities 
With the US being the largest export market for our forest products industry, participation at US code 
development committees in this field is of paramount importance. For that reason during the first year of the 
project, the project leader attended the AF&PA Wood Design Standards Committee (WDSC) meeting in 
Federal Way, Washington, on December 6th, 2005. He also attended the WDSC Seismic Task Committee 
meeting the next day. At both meetings, the project leader informed the WDSC committee about the research 
work in this area in Canada. He also discussed exchanging research information with our US counterparts with 
the aim of providing more uniform design guidelines in the area of lateral load-resisting systems in both 
countries. His participation at these important Code Committees will continue in the future. 
 
The project leader also got involved in the development of the new code cycle for the NEHRP Recommended 
Provisions for Seismic Regulations for New Buildings and Other Structures in the US. The intent of the 
Provisions is to provide information on the minimum requirements for the design and construction of buildings 
and other structures, so that their performance is appropriate to their primary function and use. The next 
edition of NEHRP guidelines is planned for publication in 2008. They will be based mostly on seismic design 
provisions contained in the ASCE 7-05 document on “Minimum Design Loads for Buildings and Other 
Structures”. The experience of the development of the new NEHRP provisions will be of great benefit for 
development of the Lateral Load Resisting Systems section in CSA O86. 
 
The project leader prepared a paper on the topic and presented it at the 38th CIB W18 (The International 
Council for Research and Innovation in Building and Construction – Working Group 18 – Timber Structures) 
meeting in Karlsruhe, Germany at the end of August 2005. This allowed the exchange of ideas on the topic 
with colleagues from several European countries, the US, Australia and New Zealand.  
 
The project leader is currently in the process of organizing a conference call or meeting with the members of 
the CSA O86 seismic task group, project liaisons, and members of the design community, to discuss various 
issues regarding the development of the information for the new section on lateral load-resisting systems for 
engineered wood construction. In addition, the first draft of the provisions is also being prepared and will be 
discussed at the meeting.  
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Experimental part of the program 
In the experimental phase of the project, quasi-static cyclic tests were conducted on four braced timber frames. 
The objective of these tests was to study the influence of the use of capacity design procedures on the strength, 
stiffness, and ductility response of braced timber frames with riveted connections when subjected to lateral 
loads. Two different frame configurations were tested, as shown in Figure 1. Two frames were tested from 
each configuration. The first frame from each configuration was constructed with a 30 mm gap at both ends of 
the diagonal braces (Figure 2a). According to the capacity design principles, the purpose of these gaps is to 
allow the brace connections to deform when the frame is subjected to lateral loads. The second frame in each 
configuration was constructed without any gaps at the end of the diagonals (Figure 2b). This is the most 
common way braced frames are constructed in practice. By comparing the response of the frames with and 
without gaps at the diagonals, one can investigate the influence of the design and construction of the frames on 
their strength, stiffness, and ductility properties, as well as their failure modes.  
 

 
a) b) 

Figure 1. Braced frame configurations tested: a) Configuration I; b) Configuration II. 
 
All frames were constructed with spruce-pine glued-laminated timber, with columns 3.66 m (12 feet) long and 
130 mm by 228 mm (5 in. x 9 in.) in cross-section.  Horizontal members were 130 mm by 152 mm (5 in. x 6 
in.) in cross-section, as were the diagonal members. The diagonals were placed at angle of 45 degrees. Frame 
members were connected using double-sided timber riveted connections. The connections consisted of 6.4 mm 
(0.25 in.) thick steel plates and 65 mm (2.6 in.) long timber rivets. The connections were designed using the 
capacity design philosophy, which means that the diagonal brace connections were the weakest ones in the 
system. Twelve timber rivets on each face of the diagonal braces were used to connect them to the rest of the 
frame on both ends. The same number of rivets was used for the horizontal member. According to the capacity 
design philosophy, a greater number of timber rivets was used in the other connections.  
 

 
a) 

 
b) 

Figure 2. Connection detail of a braced frame during construction: a) with gaps; and b) without gaps at the end 
of the diagonal. 
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Figure 3. Erected braced frame of configuration I ready for testing. 
 
The frames were tested using the ISO 16670 cyclic displacement protocol. Lateral displacement was applied at 
the top of the frames by a hydraulic actuator attached to the top of the frame by means of a load spreader bar. 
Frames were attached at the base using pin connections. A total of 13 channels of data were collected during 
the testing. Load and displacement were measured from the actuator, along with displacements from the top of 
the frame and at mid-frame height. Deformations of each diagonal brace connection were also monitored along 
with the total deformations in both braces. In addition, the vertical displacements (uplifts) were measured at 
both base connections. A photo of a braced frame erected and ready for testing is shown in Figure 3. The test 
matrix for the braced frames is shown in Table 1.  
 

Table 1. Test matrix for the brace timber frame tests. 
 

Config Frame Gap Schematic 

I 2 Yes 

I 4 No 
 

II 1 Yes 

II 3 No 
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By the time this report was prepared, only partial data analysis was completed. For example, load-
displacement relationships obtained at the top of the frames from the first configuration are shown in Figure 4. 
Figure 4a shows the response of Frame 2 that has gaps at the end of the diagonals, while Figure 4b shows the 
response of Frame 2 that has no gaps. There is an obvious difference between frame responses. As a result of 
braces crushing into the columns and horizontal members during the lateral sway, Frame 4 was able to 
withstand a higher lateral load. The response of Frame 4 was, however, non-symmetrical due to the difference 
of the frame stiffness when both braces were loaded in compression vs. that in tension. On the other hand, the 
maximum resistance of Frame 2 was about 33% lower than that of Frame 4 (51.8 kN vs. 77.9 kN), but the 
frame experienced relatively symmetrical behaviour and increased ductility.  
 

-120

-90

-60

-30

0

30

60

90

120

-150 -120 -90 -60 -30 0 30 60 90 120 150
Displacement [mm]

Lo
ad

 [k
N

]

Load vs. Top 
Displacement
Frame 2 (Gap)

 
     a) 

-120

-90

-60

-30

0

30

60

90

120

-150 -120 -90 -60 -30 0 30 60 90 120 150
Displacement [mm]

Lo
ad

 [k
N

]

Load vs. Top 
Displacement

Frame 4 (No Gap)

 
     b) 

Figure 4. Load-displacement relationships for configuration I frame a) with, and b) without diagonal gap. 
 
During the testing, the top and bottom connections of each diagonal brace experienced significantly different 
deformation levels. Once non-linear deformations started to develop in one of the connections, the reduced 
stiffness of that particular connection resulted in an increase of the deformation demand in that connection, 
leading to failure of that particular brace. In both frames the failure of the bottom brace occurred first. Bottom 
brace failure, however, didn’t lead to the failure of the entire frame at that point. In case of Frame 2, this was 
followed by a period of stagnant response or even a slight load increase as a result of the increased bending of 
the columns and contribution of the top brace. This was followed by failure of the top brace in one of its 
connections, which led to total frame failure (Figure 5). 
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Figure 5. Load-displacement relationships for Frame 2. 
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In the case of Frame 4, after the failure of the bottom brace a total load redistribution of the forces and the 
stresses of the system occurred, which led to increased deformation in the top brace. Due to the geometry of 
the frame, and consequently, its non-symmetrical stiffness and strength properties, the failure was caused by 
tension (uplift) failure of the column connection at the bottom of the frame (Figure 6a). The failure modes of 
all connections in both frames consisted of fastener pullout from the wood after numerous cycles (Figures 6a 
and 6b). 
 

 
           a) 

 

 
 

 b) 
 

Figure 6. a) Connection failure at the bottom of the column in Frame 4; b) Connection failure in the bottom 
brace of Frame 2. 

 
Proposed Framework of the LLRS Section  
Part 4 of the National Building Code of Canada (NBCC) deals with structural design issues, including 
structural loads generated on the building due to strong winds and earthquakes. The 1995 and the 2005 edition 
of NBCC refer to four material design standards for further details about design of a particular structure or 
seismic force resisting system. Links between the NBCC and the material design standards are shown in 
Figure 7. The design standards cited in NBCC include: 

 Engineering design in wood – CSA O86-01 (CSA O86, 2001); 
 Limit states design of steel structures – CSA S16-01 (CSA S16, 2001); 
 Design of concrete structures – CSA A23.3-94 (CSA A23.3, 1994-R2000); 
 Masonry design for buildings (Limit states design) CSA S304.1-95 (CSA S304.1, 1995-R2001). 

 
At this point, except for shearwalls and diaphragms, no such link (red line in Figure 7) between CSA O86 and 
the 1995 edition of NBCC exists for any other Seismic Force Resisting System. The same remark is true for 
the new 2005 edition of NBCC, which specifies two force modification factors–Ro and Rd (Table 2). For 
example the 1995 NBCC states that nailed shear walls with plywood, waferboard or OSB panels should be 
assigned an R-factor of 3.0, while concentrically braced timber frames or moment resistant frames with 
"ductile" connections should be assigned a factor of 2.0. Other timber structures with ductile connections are 
entitled an R-factor of 1.5. Neither NBCC nor its counterpart for timber design in Canada CSA O86 specify 
the following:  

(i) What the specific seismic and wind design requirements are for each of these systems;  
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(ii) What the ductility, strength and stiffness requirements are for connections (and systems) to be 
classified as a "ductile, moderately ductile, or with limited ductility"; 

(iii) The link between the connection performance and its failure modes, and the corresponding system 
performance and its failure modes.   
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Structures Designed and Detailed 
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Figure 7. Links between the NBCC and the referenced material standards. 
 
 

Table 2  Force modification factors Ro and Rd for wood-based SFRS in 2005 NBCC 
 

Type of Seismic Force Resisting System (SFRS) Rd Ro 
Shearwalls and Diaphragms   
 Nailed shearwalls – wood-based panels 3.0 1.7 
 Shearwalls – wood-based and gypsum panels in combination 2.0 1.7 

Braced or Moment Resisting Frames with Ductile Connections   
 Moderately ductile 2.0 1.5 
 Limited ductility 1.5 1.5 

Other wood-based SFRS 1.0 1.0 
 
Since the performance of connections and their failure modes directly influence the corresponding system 
performance and its failure modes, the new Chapter of CSA O86 on Lateral Load Resisting Systems should be 
closely linked to the chapter on Fastenings. It is suggested that the chapter on Fastenings renamed 
"Connections", raising the importance of the entire connection as a primary working unit within the structural 
system. The chapter on connections should include the design information and properties for different 
connections such as strength and ductility in various engineered wood products; ductility categories, failure 
modes; as well as permissible failure modes for various types of loading. Having the capacities and 
corresponding failure modes for various connections known and implemented in the chapter on connections, 
will also help establish the capacity design procedures for lateral load resisting systems. Furthermore, it will 
help establish the performance-based design procedures for LLRS in the future editions of CSA O86. 
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Introduction of structural systems such as braced frames, moment resisting frames, tall walls, and some other 
innovative systems, would probably require the use of proprietary engineered wood products, and proprietary 
and innovative connections. Although the traditional focus of CSA O86 was to include design methods 
applicable to buildings constructed with generic materials and fasteners, inclusion of design methods for 
proprietary materials and connections should be discussed. It should be noted, however, that there is a need for 
a consistent set of practices related to assignment of factored design resistances of connections in generic and 
proprietary wood materials, and connections made with proprietary fasteners.  
 
The scope and the shape of the proposed chapter for design of LLRS in CSA O86 will change as it is 
developed over the next few years. The sections initially proposed for inclusion in the new chapter on LLRS 
are given below. The content of each section is subject to availability of research information at the point of 
preparation. It should be noted that input on this issue from the CSA O86 Seismic Task Group and the 
engineering design community will follow shortly. At the point of writing this report (mid March 2006), the 
project leader is working on the content of the first draft of the Chapter. 
 

1. Scope and Definitions  
2. Structural Analysis Concepts (in context with NBCC 2005) 

2.1 Wind Load Analysis 
2.1.1 Load path concept 
2.1.2 Analysis types  

2.2 Seismic Analysis (including analysis software, component and connection analytical models) 
2.2.1 Load path concept 
2.2.2 Equivalent static 
2.2.3 Linear dynamic 
2.2.4 Non-linear dynamic 

3. Design Concepts 
3.1 Wind (including strength and stiffness) 
3.2 Seismic (strength, stiffness, ductility, energy dissipation, capacity and performance based design) 

3.2.1 Definition of ductile structural behaviour, moderately ductile behaviour, limited ductility, 
and non-ductile behaviour; 

3.2.2 Link to connection ductility categories 
3.2.3 Force modification factors 
3.2.4 Capacity design philosophy and structural failure mechanisms 

4. Light wood-frame shearwalls and diaphragms  
4.1 General Nailed shearwalls and diaphragms using plywood, OSB, or waferboard 
4.2  Nailed shearwalls using gypsum wallboard 
4.3  Nailed shearwalls and diaphragms using diagonal lumber sheathing 
4.4  Ductility requirements  
4.5  Lateral load resistance 
4.6  Deflections 
4.7  Detailing rules and requirements for various ductility categories 
4.8  Capacity design principle 

5. Braced timber frames 
5.1  General 
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5.2  Concentrically bracing members 
5.3  Knee-Braced members 
5.4  Connection ductility requirements 
5.5  Lateral load resistance 
5.6  Deflections 
5.7  Detailing rules and requirements various ductility categories 
5.8  Capacity design principles 

6. Moment resisting frames 
6.1  General 
6.2  Beams and columns 
6.3  Beam-to-Column connections 
6.4  Connection ductility requirements 
6.5  Lateral load resistance 
6.5  Deflections 
6.6  Detailing requirements for various ductility categories 

7. Tall wood-frame shearwalls 
7.1  General 
7.2  Nailed shearwalls using thick wood-based panels 
7.3  Ductility requirements 
7.4  Lateral load resistance 
7.5  Deflections 
7.6  Detailing requirements various ductility categories 

8. Hybrid structural systems (subject to available research information) 
8.1  General 
8.2  Dual wood-to-wood systems  
8.3  Concrete – Wood systems  
8.4  Masonry – Wood systems  
8.5  Steel – Wood systems  

9. Safety verifications 
10. Control of design and construction 

 
Publications/Patents 
Popovski, M., Karacabeyli, E. “Framework for Lateral Load Design Provisions for Engineered Wood 
Structures in Canada”. Proceedings of the 38th CIB W18 meeting in Karlsruhe, Germany, August 2005. 
 


