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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  
 

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 

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 

 
Status (2007-08) 
 
Seismic Performance of Platform Wood-Frame Construction 
On the seismic side, work has been 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 restrain 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 that with the flexible 
load spreader beam. This indicates that the lateral load capacity of a braced wall might be over-estimated if a 
continuous load-spreader beam is used in the tests. As a result, the flexible load spread beam was selected for 
the 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 that without an upper floor. Ultimate displacements appear to be unaffected. 
 
Uplift resistance of corner walls was studied. Parameters such as wall length, vertical loading, and location of 
uplift forces were studied. Initial results from the tests show 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 
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study, it was found that the ultimate uplift force is reached with a vertical load level of about 10kN/m. The 
maximum uplift forces of walls loaded at mid-length are approximately twice that 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 code change proposals on the resistance and deflection of shearwalls and diaphragms were prepared 
and submitted to the Technical Committee of CSA O86 for consideration. Together with CWC, a revised code 
change proposal on the resistance of shearwalls and diaphragms with diagonal lumber sheathing was proposed. 
In addition, proposals were made to: a) relax the limitation on maximum height of unblocked shearwalls from 
2.4 m to 4.8 m (based on research by Forintek and UNB1); b) include deflection formulae for various 
shearwalls (with/without hold-downs and wood-based panels on one side and gypsum wallboard (GWB) on 
the other side) and diaphragms; and c) add Midply shearwalls to existing shearwall system (based on papers by 
E. Varoglu et al.2).  These additions will provide engineers with more options for detailing wood-frame 
buildings to resist lateral loads from wind and seismic events. 
 
Forintek staff participated in two meetings of the US International Residential Code (IRC) Sheathing Task 
Group. At the second meeting held in Tacoma, Washington in September 2007, the group accepted in 
principle the bracing spectrum method 3  for assessing required sheathing for conventional wood-frame 
construction. As the presence of gravity loading has a positive effect on the lateral load capacity of a braced 
wall, the assigned wall bracing capacity will be increased in the first- or second-storey of a three-storey 
building.  
 
Wind Performance of Platform Wood-Frame Construction 
On the wind research side, work has been mostly focused around the test house in Fredericton, NB and other 
related activities at Concordia University on comparing wind data from the test house to those from wind 
tunnel modelling of the test house. During the first quarter of the year, most of the work was geared towards 
the development of the finite element models for predicting the performance of shearwalls and whole structure 
(i.e., the test house at the UNB).  The model will be able to study the influence of architectural and non-
structural elements such as cladding type, insulation, and openings on the overall performance of the wood 
frame structure by modeling how the load path is altered and comparing the model results to typical design 
assumptions.  
 
Considerable progress was also made at Concordia University, where wind tunnel testing of a reduced-scale 
model of the UNB test house and comparison with actual wind pressure data was made. The work is still in 
progress. 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 reaction load data at the 
foundation level.  
 

                                                      
1 Mi, H.Y., Ni, C., Chui, Y.H., Karacabeyli, E. 2006. Racking Performance of Tall Unblocked Shear Walls. ASCE Journal of Structural 
Engineering, Vol. 132, No. 1, January 1, 2006.  
 
2 Varoglu, E., Karacabeyli, E., Stiemer, S., Ni, C. 2006. Midply Wood Shear Wall System: Concept and Performance in Static and 
Cyclic Testing. ASCE Journal of Structural Engineering, Vol. 132, No. 9, September 1, 2006. 
 
3 Martin, Z., Skaggs, T., Keith, E., Yeh, BJ., 2007. A review of large scale wood structural panel bracing tests. APA draft 
report, April 13, 2007.  
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Simple static lateral load testing was conducted on the test house at the UNB campus 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 testing was carried 
out on the house with: 

1) cladding  
2) drywalls on walls only  
3) drywalls on ceiling.  

 
At the time of this report, data analysis is under way and there are measurable contributions from the addition 
of cladding and/or drywall. More specific conclusions will be made following the completion of the analysis. 
The next step is to create openings in the building envelope (i.e., windows) and install partition walls. Static 
loads will then be applied to examine the response with the new modifications. This will provide a better 
understanding of the effect of openings and partitions. 
 
Technical issues associated with the measurements of the load at the foundation level during the static load 
tests were resolved. It was discovered that the sheathing of the sidewalls at the bottom of the foundation was in 
contact with the concrete footings at some locations. The contact was eliminated and the new measurements at 
the foundation interface were found to be within 3% of the actual static load applied.     
 
Permanent steel loading frames were designed and assembled on site during the summer. The frames allow the 
application of lateral and gravity loads on certain wall and roof sections at two corners of the test house. The 
new loading frame simplified and provided more flexibility in the load application compared to the system 
used earlier in the project.  
 
Two papers on the wind research will be presented at the World Conference on Timber Engineering (WCTE) 
to be held in Miyazaki, Japan in June 2008. One paper will focus on the shearwall testing and modelling, while 
the 2nd will show the structural response of the test house due to static load tests. A journal paper on the project 
findings is being drafted.   
 
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 
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. 
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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. 
 
Work Completed this Fiscal Year 
 
Seismic Performance of Platform Wood-Frame Construction 
A series of supplementary full-size braced walls were tested to quantify the effect of floor / upper wall and 
corner wall on the lateral load capacities of braced walls. Test results showed that floor / upper wall on the top 
of braced walls could greatly increase the lateral load capacities of braced walls. For a 1.22 m braced wall with 
continuous top plate extended over braced wall panels, test results indicated that the lateral load capacity of the 
wall was approximately 50% of that of the walls that are fully restrained. Braced walls with 1.22 m corner 
walls had similar performance as walls that are fully restrained. The results indicate that the mechanics-based 
method implemented in CSA O86-1 is very conservative for determining the lateral load capacities of braced 
walls.   
 
The adequacy of the bracing requirements for conventional wood-frame construction in the 2004 CWC Guide 
and the proposed Part 9 of 2010 NBCC were assessed.  Two buildings, 15 m × 15 m and 4.8 m × 15 m in floor 
dimension, were studied. The lengths and locations of the braced wall panels in the buildings were chosen to 
represent as much as possible the most unfavourable case for lateral load resistance. The results showed the 
imbalance between the required lengths of braced walls in the short and long directions of a rectangular 
building. While the lateral load capacity in the long direction of the building is adequate for two- and three-
storey buildings and is, in fact, overly conservative for one-storey buildings, the lateral load capacity in the 
short direction of the building is not sufficient to resist the base shear forces. In most of the studied cases, 
neither the 2004 CWC Guide nor the proposals for the Part 9 of 2010 NBCC meets the seismic requirements 
of Part 4 of NBCC 2005 for high seismic zones. 
  
A new method was proposed to address deficiencies of bracing requirements for conventional wood-frame 
construction in the 2004 CWC Guide and Part 9 of 2010 NBCC proposals. Instead of specifying the minimum 
length of braced wall panels as a constant percentage of the length of a building parallel to the direction of 
loading considered, the new method specifies the minimum length of braced wall panels as a function of floor 
area of the building. Using the new method, it was concluded that the required length of braced wall panels 
should be a percentage of the building length perpendicular to the direction of loading considered. This will 
address the imbalance between the required lengths of braced walls in the short and long directions of a 
rectangular building. 
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Wind Performance of Platform Wood-Frame Construction 
Activities in the wind research primarily consisted of non-destructive structural experiments on a 
complete test building, non-destructive and destructive tests on isolated segments of walls, wind 
tunnel experiments and development of detailed structural numerical models of the building and wall 
segments. Numerical modelling techniques were used to artificially construct and load other 
buildings that match existing and proposed prescriptive specifications within Part 9 of the National 
Building Code of Canada for construction of light-frame buildings.  
 
Findings so far indicate that the structural behaviour of wood light-frame buildings is highly complex 
and cannot be properly elucidated without detailed experimental investigations of the full-scale 
behaviour of the primary substructures such as walls and roofs, and complete buildings.  Moreover, 
there are complex interactions between various construction layers typically found in light-frame 
walls, irrespective of whether the various layers are materials traditionally regarded as structural or 
non-structural. Detailed numerical structural models are required as tools enabling much wider 
examination of cause and effect relationships when buildings differ from those for which there is 
much practical know-how concerning their performance.  
 
As for wind monitoring of the test house constructed to investigate the wind load path and wind 
tunnel experiments, pressure distribution comparisons between the full-scale and the wind tunnel 
results showed generally good agreement with small discrepancies attributed to the direction 
fluctuations of the full-scale records. Force coefficient comparison between the full-scale and the 
finite element analysis results showed good agreement for the mean values. However, significant 
overestimation of the fluctuating dynamic component of the foundation force is apparent when this is 
derived from the fluctuating roof pressures, in comparison to the directly measured values in the field. 
The experimental critical local pressures (suctions) tend to be higher (lower) in comparison to the 
ASCE 7-05 provisions, although area averaged pressures and suctions seem to agree much better. 
The results can be used to provide realistic provisions for wind design of building structural systems 
and foundations.  
 
Publications/Patents 
Shim, K., Ni, C., Karacabeyli, E., 2008. Performance of Corner Walls against Uplift. Proceedings of World 
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Ni, C., Zhou, L., He, M.J., 2008. Finite Element Analysis of the Racking Performance of Tall Unblocked 
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Civil Engineering (CJCE). 

Noory, M., A. Asiz, I. Smith, G. Doudak, M. Mohammad. 2009. Wind Force Flows in Low-Rise Wood Light-
Frame Buildings. Draft paper to be submitted to the CSCE 2009 Annual General Conference to be held in St. 
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