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Long Term Goals / Strategies 
Maintain the competitiveness of platform wood-frame construction in domestic and foreign markets by: 
a) capitalizing on superior seismic and wind resistance characteristics of wood-frame construction, and b) 
making incremental improvements in wind and seismic design procedures. 
 
Key Objective 
Develop or refine practical pre-engineered solutions for small wood buildings subject to extreme wind or 
earthquake loads. 
 
Key Actions and Deliverables 

Deliverables Expected Delivery Date 
(Completed Item ) 

Part A—Seismic  

Review of issues that are relevant to wind and seismic performance in Part 9 type 
buildings and those that are not.  September 2005  

Quantify technical information to explain why Part 9 wood buildings generally perform 
well in earthquakes, in particular:  
• Contribution of corner walls and upper storey walls to braced wall capacities 
• Behaviour as observed from full-scale shake table tests. 

October 2006 
(postponed to Oct 2007)  

Technical information on the seismic performance of Part 9 buildings in terms of braced 
wall requirements, irregularities in building shape *, and the placement of anchor bolts 
and hold-downs.  

March 2007  
(postponed to Mar 2008)  

Specific means of assessing the adequacy of NBCC Part 9 type structures under 
earthquake loading: 
1. Design basis—area-based rather than length-based 
2. Building irregularities, their effects and how to address them * 
3. Required spacing of braced walls 
4. Methods to identify a potential soft-storey under seismic loading and solutions. * 

March 2008  

Assist CWC and AWC in code implementation. March 2009 

Disseminate research findings in appropriate engineering journals and at conferences. Throughout the project 
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Part B—Wind 

A final report that summarizes relevant results from the Forintek East project on load path 
from wind loadings (FCC Project No.550-3218).  March 2006  

Field monitoring and acquisition of data for environmental loads (i.e., wind loads) and 
measurements of the structural response. Static load tests will be conducted to enable 
rapid assessment of the load transfer mechanisms during sequential modification of the 
building construction details (e.g., partitions, openings, etc.). 

March 2007  
(In progress) 

Specific means of assessing the adequacy of NBCC Part 9 structures (main wind force 
resisting system) and contribution from non-structural components (i.e., cladding, interior 
partitions) under wind loading: 
• Basis for assessing the susceptibility of a Part 9 structure to structural damage under 

high wind  
• Development of suggestions for improved deemed to comply “prescriptive” anti-

wind provisions in Part 9 of the NBCC 
• Development of generalized calculation methods for predicting deformations and  

load distributions in low-rise framed or light-framed buildings under the action of 
wind 

March 2008 
(In progress) 

Assist CWC and AWC in code implementation for the next 2010 CSA O86 Standard. March 2009 

Disseminate research findings in appropriate engineering journals, technical meetings and 
conferences.  Throughout the project 

* This work is deferred to year 2008-2009. 
 
Status  
In the first two years of the project, an advisory committee was formed to provide the project team with 
guidance on the scope and execution of the project. The first committee meeting was held on November 18, 
2005 to provide background information on the study and to gather general feedback on planned activities.  
 
On the seismic side, a background document was drafted that identified the technical issues to be addressed 
and available information. The document reviewed the available research information on performance of, 
small wood buildings against wind and earthquakes. A summary of design provisions for these types of 
buildings in other countries such as New Zealand and Japan was also provided. 
 
Test results of two-storey full-size wood-frame houses under shake table tests conducted in Tongji University 
in 2004 and 2005 were analysed. These tests were funded under the Canada Wood/FII China Codes & 
Standards project. The initial findings of the test results were presented in a paper entitled “Assessment of 
seismic resistance of conventional wood-frame houses” which was published in the Proceedings of the 2006 
ASCE Structural Congress in St. Louis, Missouri from May 18-20, 2006.  The test results showed that the 
symmetric two-storey building specimen can withstand successive application of three different seismic 
ground motions in the order of 0.55 g Peak Ground Acceleration (PGA). This result is in general agreement 
with observations in actual earthquakes in California, New Zealand and Japan, that wood-frame buildings 
without major structural deficiencies withstood seismic shaking in the order of 0.5 to 0.6 g PGA without 
collapse (Rainer & Karacabeyli). 
 
Test results of full-size shear walls conducted in Tongji University were also analysed. These tests were also 
funded under the Canada Wood/FII China Codes & Standards project. Results of the full-size shear wall tests 
were presented in two papers entitled “Effect of Upper Storey / Floor on the Performance of Wood Shear 
Walls” and “Effect of Transverse Walls and Vertical Load on the Performance of Shear Walls”, which were  
published in the Proceedings of the World Conference on Timber Engineering (WCTE) held August 2006 in 
Portland. Preliminary findings indicated that for a typical conventional wood-frame building, an upper storey 
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could provide significant restraint to counteract the uplift force and thus provide increased lateral resistance. 
Return walls at the ends of shear walls also provide limited resistance to the uplift at the ends of shear walls. 
This may partly explain why the superior lateral resistance of conventional buildings cannot be demonstrated 
by engineering calculations when existing design codes for wood construction are utilized.  
 
A supplementary test matrix that investigated the influence of corner walls, axial load and upper storey on the 
shear capacity of the wall was developed. A flexible loading spreader for shear wall testing was designed and 
fabricated. Because of the heavy workload in the laboratory, tests of the shear walls started in January 2006 
and continued in 2007-08. The postponement of the shear wall tests didn’t delay the completion of the project 
or code implementation activities. 
 
On the wind side, most of the activities that took place during the first few months of 2006 were focused on 
drafting a final report that summarized relevant results from the Forintek East project on wind load path in 
wood structures (FCC Project No.550-3218). The final report with the key findings was submitted to Project 
Liaisons and to other Forintek members. Findings from the previous study were presented at the 9th WCTE in 
Portland, OR, in 2006. The paper entitled “Field-Monitoring, Models and Design of Timber Buildings” was 
prepared in collaboration with University of New Brunswick, CWC and University of Manitoba. 
 
In collaboration with the University of New Brunswick, CWC and other participating universities and 
institutes, an application for an NSERC Collaborative Research and Development Grants was prepared and 
subsequently received in June, 2006.   Under this grant, a graduate student was recruited at UNB to work with 
Forintek on the project.  All collaborating universities and institutes on the wind load path project met on 
November 15th, 2006 at Concordia University in Montreal and agreed on the detailed plans and collaborative 
research activities.  
 
Field observations of real wind loads and the resulting structural response from the test house in Fredericton, 
New Brunswick and the agricultural test house in Manitoba are continuing. Efforts were invested in enhancing 
the data collection and interpretation. Graduate students at Concordia University and UNB are continuing their  
work on wind tunnel modeling and data analysis. 
 
Testing and modeling of shear walls as part of the subassemblies evaluation is also continuing. The first set of 
shear wall tests, which involved application of a point lateral load at the top plates, was completed and the data 
have been successfully analyzed and compared to predictions from finite elements models that were already 
developed for shearwalls. The different configurations of shear walls in this set were designed to investigate 
the effects of siding and insulation when shear is applied as a concentrated load at the corner of the wall. Initial 
findings indicated that the wall tends to behave 12% more stiffly with siding than without. These shear wall 
configurations will be retested but with load cells installed underneath the wall and the shear force applied as a 
uniformly distributed along the top plates of the shear wall assembly.  
 
Under this project, staff also helped organize and participate in a joint CWC/Forintek workshop titled 
“Structural Wood Research Initiatives” on November 16, 2006 in Montreal. The workshop covered three 
major areas: lateral load resisting systems, connections and system behaviour in small wood-frame buildings. 
A presentation on the progress, findings and planned activities related to this study was made.  
 
Partners 
University of BC 
Structural Engineering Consultants of BC 
Tongji University, Shanghai, China 
University of Florence, Italy 
University of New Brunswick 
Forest Products Lab, Madison, WI 
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University of Western Ontario 
University of Manitoba 
Concordia University 
CSIRO Australia 
Pennsylvania State University 
 
Rationale and Potential Impact 
Society demands ever-increasing safety against natural events such as earthquakes and high winds. The 
engineering community continues to question the adequacy of NBCC Part 9 details in resisting the lateral 
loads, during wind and seismic events, exerted on low-rise buildings constructed with modern technologies 
and products. One of the dilemmas facing engineers is that the superior lateral resistance to seismic and wind 
loading of Part 9 buildings cannot be demonstrated by engineering calculations when the existing design codes 
for wood construction are employed. Such structures, when designed according to the engineering codes, lead 
to building solutions that are, quite often, more expensive and contrary to the good historical performance 
records of small wood buildings. 
 
At the CWC/Forintek Structural Wood Initiative Group meeting on November 18, 2004, the need to 
rationalize existing framing requirements that are based on historic practices used for housing and small 
buildings was identified as the top priority. Such buildings normally fall under the requirements of Part 9 of 
the National Building Code of Canada (NBCC).  This project is designed to address knowledge gaps so that 
technical solutions can be developed and implemented to maintain the market share of these types of wood-
frame construction in earthquake and wind-prone areas, and expand the market share in areas where 
traditionally other forms of construction have been the norm. 
 
The findings of this project will also contribute to the engineered requirements found in Part 4 of the NBCC, 
as more quantitative information on the behaviour of wood-frame construction can be used to develop 
economical solutions for engineered wood structures. Furthermore, these findings will provide a framework 
for future developments of objective-based design, where structures will be required to meet specific design 
objectives in addition to life safety, e.g., damage control and economic loss.  The Canadian wood products and 
construction industries in both domestic and international markets will be assisted in their marketing efforts by 
having technically defensible documentation on the performance and reliability of wood-frame building 
systems.  This is especially true for markets that do not have a tradition of wood construction. 
 
Proposed Approach 
This study is aimed at capitalising on previous and parallel activities related to understanding, in broadest 
possible terms, the structural performance of low-rise wood buildings, and large wood subsystems like roofs. 
This provides the foundation for rational engineering design processes replacing empiricism.  
 
On the seismic side, the research program consists of four main study areas: shake table tests on small houses, 
targeted shear wall tests, development of analytical approaches, and application to codes and standards. 
 
Results of shake table tests of two two-storey full-size wood frame buildings, funded under the Canada 
Wood/FII China Codes and Standards project, have been used to study the performance of small wood 
buildings with different braced wall lengths, the torsion behaviour and the role of interior finishing materials.  
 
Full-size shear walls similar to the walls of the first storey of the shake table specimens were tested to quantify 
the shear capacities of these braced walls. Additional tests will be conducted to systematically study the 
influence of transverse walls, axial load and upper story on the shear capacities of braced walls.  
 
Parameter studies will be carried out for conventional wood frame construction. The study will investigate the 
seismic performance of conventional buildings in terms of braced wall requirements, irregularities in building 
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shape, and the placement of anchor bolts and hold-downs. Contribution of non-structural elements such as 
stucco and gypsum wallboard will also be studied.  
 
Both commercially available finite element software and simple mechanics-based model will be used for the 
parameter study. Before doing that, the models generated with the finite element software or the simple 
mechanics-based model will be first calibrated against the shake table test results. The simple mechanics-based 
model should be able to estimate the shear capacity of braced walls by taking into consideration the influence 
of gravity load, transverse walls and stiffness of upper storey.  
 
The final part of this research program examines the adequacy of current seismic code provisions for 
conventional wood-frame construction and will provide code and standards committees with pertinent data for 
possible revisions where deemed necessary.  
 
The scope of the wind component of this study involves acquisition of data for environmental (mainly wind) 
loads on buildings, data on how forces resulting from those loads flow within building fabrics, application of 
collected data toward development of generalised understanding and structural models, and improvement of 
wood construction design processes and rules. Below is the general proposed approach for achieving study 
objectives: 
 
 Field monitoring and acquisition of data for environmental loads (i.e., wind loads) and measurements of 

the structural response.  
 
• Develop subsystems and whole building structure models (i.e., finite element).  
 
 Carry out subsystems tests (i.e., shearwall to verify the response of the various subsystems with various 

configurations and compare that with subsystems finite element models). 
 
 Develop small-scale wind tunnel tests and compare that with field data for wind pressures. This enables 

building some confidence in small-scale wind tunnel methods. 
 
 Conducting controlled static load tests on the whole building to enable rapid assessment of the load 

transfer mechanisms during sequential modification of the building construction details (e.g., partitions, 
openings, etc.). 

 
 Refinement and verification of finite element models of the test building capable of predicting the 

response and allow for better understanding of the load transfer mechanism in typical wood frame 
constructions. 

 
Work Completed this Fiscal Year 
Seismic Performance of Platform Wood-Frame Construction 
On the seismic side, work was primarily focused on laboratory testing to evaluate the effect of corner wall and 
upper storeys on the lateral load capacities of braced walls, and the development of a mechanics-based model 
to accurately predict the lateral load capacities of braced walls with openings.  
 
Tests were conducted to study: a) the impact of load-spreader bar; b) the uplift resistance of corner walls; and 
c) the effect of the uplift restraint from floors / upper walls on the lateral load resistance of a braced wall.  
Identical full-size braced walls, 2.44 × 2.44 m, were tested with a continuous steel beam (b = 127 mm, h = 79 
mm, t = 6.4 mm) and the new flexible load-spreader beam. Initial findings showed that the lateral load 
capacities of walls tested with the continuous beam are approximately 15% greater than those with the flexible 
load-spreader beam. This indicates that the lateral load capacity of a braced wall might be over-estimated if a 
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continuous load-spreader beam is used in the tests. As a result, the flexible load-spreader beam was selected 
for the remaining braced wall tests.  
 
To simulate walls with upper floor restraint, laminated strand lumber (LSL) rim board, 32 mm (1-1/4 in) thick 
and 241 mm (9-1/2 in) wide, was added and toe nailed to the top of the double top plate of the wall in 
accordance with the nailing schedule for buildings in Part 9 of the National Building Code of Canada (NBCC). 
The wall aspect ratio has a direct impact on the lateral load capacity of a braced wall.  Therefore, walls with 
different lengths, 2.44 m and 4.88 m, were studied. Data analysis is under way. Initial findings indicated that 
the lateral load capacities of walls with upper floor restraint (rim board) are approximately 15 to 20% greater 
than those without an upper floor. Ultimate displacements appear to be unaffected. 
 
Uplift resistance of corner walls was also studied, including parameters such as wall length, vertical loading 
and location of uplift forces. Initial results from the tests showed that for walls without vertical loading, up to 
2.4 m of the nail joints along the bottom plate contribute to the resistance of uplift force. As the vertical 
loading is increased, the length of the nail joints along the bottom plate contributing to the uplift force is 
reduced. In this study, it was found that the ultimate uplift force was reached with a vertical load level of about 
10kN/m. The maximum uplift forces of walls loaded at mid-length are approximately twice those of walls 
loaded at an end.   
 
The development of a mechanics-based model is continuing. Two refined models have been proposed and 
comparisons with selected test results suggest that the models are able to take into consideration the effect of 
gravity loading, corner walls, and panels above and below openings on the lateral load capacity of a braced 
wall. A paper on this work will be presented at the World Conference on Timber Engineering to be held in 
Japan, June 2008.  
 
Several conference papers on the findings have been drafted and will be presented at the World Conference on 
Timber Engineering in June 2008. 
 
Wind Performance of Platform Wood-Frame Construction 
On the wind research side, work was focused on the test house in Fredericton, NB and related activities on 
modelling. Specifically, the following activities were conducted during the year. 
 
 Completion of the analysis of shearwall tests data and refinement of the shearwall finite element model to 

predict the performance of shearwalls in the test house. This information will be used as input to the whole 
house model. 
 

 Continued with the monitoring process of the test house, collection of wind data and debugging of the data 
collection system. 
 

 A simple static lateral load test was conducted on the test house at the UNB campus using a loader to 
check the load cells installed at the interface between walls and foundations, and to investigate the effect 
of cladding and other non-structural components and their contribution to the overall lateral load 
resistance. The static load test was carried out on the house with cladding, drywall on walls only and 
drywall on ceiling.  
 

 Design and assembly of load frames for conducting static load tests on the test house was completed. The 
frames will allow the application of lateral and gravity load on certain wall and roof sections at two 
corners of the test house.  A picture of the loading frame is shown in Figure 1. The next step is to create 
openings in the building envelope (i.e., windows).  
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  Although work on the installation of windows and partition walls was planned for summer or fall of 2007, 
the work was interrupted due to some errors found in the load cells installed at the foundation level. Some 
of the readings were found to be off by 10 to 20%. The problem was fixed and errors were eliminated from 
the load cell readings.  The installation of windows and partitions will be done in spring 2008.  

 
 Wind tunnel testing of a reduced-scale model of the UNB test house at Concordia University and 

comparison with actual wind pressure data (ongoing). A PhD student from Concordia is working 
exclusively on this.  The student has also been spending some time in Fredericton to collect wind data (i.e., 
speed, direction, pressure) and the reaction of the structure at the foundation level where load cells are 
installed. 
 

 A few conference papers (i.e., WCTE and CSCE) and a journal paper on the findings have been drafted. 
 
 

 
 
Figure 1. Loading frames designed for carrying out static load tests on wall and roof sections of the UNB test 
house. 
 
Publications 
 Rainer, H., C. Ni, H. Cheng, H. Li, W. Lu, X. Lu and E. Karacabeyli. 2007. Research on seismic 

resistance of conventional wood-frame buildings, Proceedings of the Ninth Canadian Conference on 
Earthquake Engineering, Ottawa, Ontario, 26-29 June 2007. 

 Ni, C., Popovski, M., Karacabeyli, E., Varoglu, E., Stiemer, S. 2007. Midply wood shearwall system: 
concept, performance and code implementation. Proceedings of the 40th CIB – W18 Meeting, Paper 40-
15-3, Bled, Slovenia, August 2007.  

 Ni, C., Follesa, M., Popovski, M., Karacabeyli, E. Assessment of Seismic Design Parameters for Midply 
Wood Shearwall System. Proceedings of the 2008 World Conference on Timber Engineering (WCTE) to 
be held in Miyazaki, Japan (Accepted). 

 Ni, C., Zhou, L.N., He, M.J. Finite Element Analysis on Racking Performance of Tall Unblocked 
Shearwalls. Proceedings of the 2008 World Conference on Timber Engineering (WCTE) to be held in 
Miyazaki, Japan (Accepted). 

 Shim, K., Ni, C., Karacabeyli, E. Performance of Corner Walls against Uplift. Proceedings of the 2008 
World Conference on Timber Engineering (WCTE) to be held in Miyazaki, Japan (Accepted). 

 Rainer, H., Ni, C., Karacabeyli, E. Mechanics-based Model for Seismic Resistance of Conventional 
Wood-frame Buildings. Proceedings of the 2008 World Conference on Timber Engineering (WCTE) to be 
held in Miyazaki, Japan (Accepted). 
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 Xiong, H.B., Ni, C., Lu, X.L., Jia, G.C., 2008. Shaking Table Tests on 3-Storey Wood Hybrid Structures. 
Proceedings of the 2008 World Conference on Timber Engineering (WCTE) to be held in Miyazaki, Japan 
(Accepted). 

 Noory, M., A. Asiz, I. Smith, G. Doudak, M. Mohammad 2008. Effects of Construction Variables on the 
Elastic Response of a Wood Light-frame Bungalow. Draft paper to be submitted to the Canadian Journal 
of Civil Engineering (CJCE). 

 Noory, M., A. Asiz, I. Smith 2008. Static load test of a low rise wood building. Proceedings of the 2008 
Annual Meeting of the Canadian Society of Civil Engineers (CSCE), Quebec City, Quebec (Accepted).  

 Noory, M., A. Asiz, I. 2008. Shearwall Test. Proceedings of the 2008 Annual Meeting of the Canadian 
Society of Civil Engineers (CSCE), Quebec City, Quebec (Accepted). 
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