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Long Term Goals / Strategies 

• Focus on member’s customers and product end-use performance; 
• Maintain process cost competitiveness; 
• Increase value of research through alliances. 

 
Key Objectives 

• Develop a model that will represent web contribution in an I-joist; 
• Study the web-to- web and the web-to-flange joints and incorporate that in the model; 
• Investigate the model sensitivity to variation of web material properties within the panel. 

 
Key Actions and Deliverables 

Deliverables Expected Delivery Date 
Completed Item  

Basic material properties of OSB used in webs (e.g. engineering properties on large (UNB) 
and small scale) March, 2007  

Evaluation of the I-joist web contribution to the overall behaviour by simulation December, 2007 

Final report (Ph.D. thesis – Jean-Frédéric Grandmont) March, 2008 
 
Status 
This study is a follow-up of project No. 3998 that focused on the investigation of web contribution to the 
overall behaviour of a typical wood I-joist. A preliminary finite element model was developed with basic 
assumptions made related to the stiffness of the web-to-web and web-to-flange joints.  This led to 
discrepancies between full scale behaviour in bending and model predictions. The finite element model was 
refined by incorporating properties of the web-to-web and web-to-flange joints and the impact of variability of 
these properties must be understood.  
 
Work conducted in this fiscal year focused on refining the model and improving predictability by conducting 
sensitivity analysis and by focussing on the material properties.   
 
Partners 
UNB (Dr. Y.H. Chui).  
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Rationale and Potential Impact 
Use of OSB panels as web stock for engineered wood I-joists is common for most I-joists manufacturers. 
Producers usually develop individual proprietary product specifications (density, thickness, etc.). As defined in 
various products standards, the finished product, i.e. the I-joist, must meet initial qualification and quality 
control requirements. For the web material used in I-joists, two sets of control are usually required, one at the 
time of panel production and one at the time of I-joist production. Currently, analysis of engineered wood I-
joist is based mostly on the requirements of ASTM D5055. This product standard considers two methods for 
the calculations of the mechanical properties of I-joists. One of these methods uses an analytical approach 
which is based on the product of the net flange section modulus (all web material removed) and the axial stress 
capacity of the flange material. The other method uses an empirical approach based on a third-point bending 
test. For this last method, the moment capacity and the location of failure are recorded. In a typical I-joist 
system, the web contribution in bending is sometimes recognized in the literature to be around 3%. This 
number was suggested in light of experience and judgement based on many years of work to account for 
various parameters and assumptions. The purpose of this project is to evaluate and quantify the web 
contribution to the overall performance based on engineering practice.  
 
The proposed work is a follow up of a previous project (Phase 1). The first phase mainly focused on 
developing a better understanding of the web contribution to the overall performance of the I-Joist. The 
previous study highlighted the difficulties involved in determining OSB properties and in modelling 
performance.  
 
Global engineering properties of I-joist material and more specifically those of the web material are not well 
known. Most studies focused on determining tension, compression and shear characteristics of OSB but few 
investigated other relevant properties (e.g., Poisson ratio). As commercial web stock OSB is slightly different 
from normal construction grade OSB, it is even more inadequate to use available data on typical construction 
grade. 
 
The model developed in the previous study indicated that I-joists could be reasonably represented by a simple 
elastic model using orthotropic material. The behaviour of the web requires more refinement. 
 
There is a need to incorporate the variability in OSB material properties and the web-to-web and web-to-
flanges joint details in order to improve its predictive capability. This should be achieved by further 
investigation of OSB engineering properties (e.g. shear, tension, MOE, etc.). The investigations on OSB 
material will be performed jointly with UNB under the value to wood program. Their projects objective is to 
establish a correlation between OSB web properties and I-joist performance. They will also be focusing on the 
quality control process of web material and its relation to the final product performance. Results from testing 
from UNB and Forintek will be linked and will add properties variation between and within panels. Joints 
evaluation will be partially based on a previous UNB study on the knife-trough failure mode (normal force of 
the web to the flange). The study will improve our understanding by evaluating tangential (i.e. shear) 
behaviour of the web-to-flange joint. The web-to-web joints will be studied in both directions. The FEM 
model should incorporate all of those variables. 
 
A better understanding of the web behaviour in wood I-joist could provide a better use of this material and also 
a better control of the key parameters identified for manufacturers of panels and wood I-joists. Optimisation of 
the web stock product manufacturing process could generate possible savings in quality control procedures and 
will end up in a more cost-effective material for both parties.  
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Proposed Approach  
The main objective of this study is to provide a better understanding of the web contribution to the overall 
behaviour of a typical wood I-joist and be able to predict its behaviour based on web material properties. 
 
Preliminary tests on full size wood I-joists were conducted to document the development of the finite element 
model. It is capable of predicting deflections of the joist based on the input material properties. A sensitivity 
study was conducted for certain input material and configuration properties, which helped in further 
refinement of the model.  
 
Now that the model sensitivity has been established, it is necessary to investigate the web-to-flange properties 
within the I-joist.  Full scale testing was carried out to get a general understanding of the web to flange joint 
behaviour and be able to refine the model by incorporating the web-to-flange glued joint properties in the 
model.   
 
As the basic input material properties of OSB web and variability of such properties along the web are 
essential for the reliability of any simulation of wood I-joists, small scale testing was provided to accurately 
determine those properties.  
 
Work Completed this Fiscal Year 
Although the project officially started on April, 1st 2006, work started on this project in September 2005. 
Literature review was completed in January 2006 as part of the comprehensive examination of graduate 
student Jean-Frédéric Grandmont. Review of available research on the shear contribution in wood I-joists 
continued during the first few months of this fiscal year. The following is a summary of the major activities 
that took place during the last fiscal year: 
 

 A paper, titled “Determination of Engineering Properties and Modeling of Wood I-Joists” was 
prepared and submitted to the 9th World Conference on Timber Engineering (WCTE). A presentation 
was prepared and given at the conference between August 6 and 10 on Phase 1 of the project. The 
presentation went well and the paper was published in the conference proceedings.  

 
 A final/progress report for NSERC was also produced and submitted as part of the commitment of 

getting NSERC scholarship grant which is sponsored by Forintek. 
 

 Preliminary laboratory work was conducted on I-joist short specimens with reinforced web to 
investigate the web-to-flange properties. Preliminary results showed that in the absence of 
manufacturing or material defects, typical web-to-flange joints, bounded with Polyurethane-based 
adhesive perform well under static load in the elastic domain. Meanwhile, testing procedure was 
developed to determine web-to-web joint properties.  
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 A sensitivity study on the Finite Element model (FEM) developed earlier in this study was completed. 
The study showed that certain web parameters have an influence on the web, or the overall joist, 
behaviour. The web behaviour was analysed by studying the variation of the shear strain of the web 
within the joist. The joist behaviour was analysed by studying the variation of the deflection of the 
joist.  Results showed that modulus of elasticity (MOE), shear modulus and the Poisson’s ratio in the 
plane of the panel from which the web material is manufactured have an influence on the web and joist 
behaviour. The influence of individual parameter varies with the depth to span ratio. According to 
these findings a revised test program will be drafted for the web properties. 

 
 A sensitivity study on the web-to-web joint has also been conducted and preliminary results show that 

it might influence the web behaviour locally and might also have an impact on the joist deflection for a 
joint with reduced properties. 

 
Publications/Patents 
 
Grandmont J-F, Thivièrge C., Cloutier A., Gendron G. 2006. Determination of Engineering Properties and 
Modeling of Wood I-Joists. 9th World Conference on Timber Engineering, August, 2006, Portland, OR. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


