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Long Term Goals / Strategies 
To expand the use of wood products in non-residential buildings to meet end-user expectations in terms of 
efficient structural systems with timber riveted connecdons. 

Key Objectives 
Assist industry initiatives to enable the structural engineering community to design and construct more 
economical, effective and innovative non-residential structures utilizing wood-based systems with riveted 
connections. The project will specifically: 

• Develop an analytical methodology to quantify the static and dynamic performance of braced frames and 
moment resisting frames with timber rivets in Glulam; 

• Determine the performance of these structural systems with different configurations of riveted connections 
in Glulam; 

• Increase the body of knowledge about strength and deformation properties of timber riveted connections in 
different engineered wood products; 

• Applying the developed methodology, evaluate the performance of braced frames and moment resistant 
frames when built with various engineered wood products; 

• Implement the research findings, in cooperation with the Canadian Wood Council, in national and 
internadonal building codes and standards. 

Key Actions and Deliverables 

Deliverables Expected Delivery Date 

State-of-the-art review of braced frames and moment resisdng frames as structural systems. April, 2001 ^ 

State-of-the-art survey of timber riveted connections. May, 2001 ^ 

Performance quantificadon of riveted connections loaded parallel and perpendicular to grain 
in three different engineered wood products (EWPs). 

March, 2002 * 

Quantificadon of the Duration-of-Load effects on timber riveted connecdons in SP glulam 
loaded parallel to grain. 

June, 2002 ** 

Quantification of static and dynamic behaviour of moment resistant connections with timber 
rivets in three different EWPs. 

December, 2002 ** 

Quantification of stadc and dynamic behaviour of braced frames and moment resistant timber 
frames with riveted connections. August, 2003 * 

Implementation of a method to estimate seismic force modification factors for braced frames 
and moment resistant frames with riveted connections in the Nadonal Building Code of 
Canada (NBCC), and National Earthquake Hazards Reducdon Program (NEHRP) in USA. 

September, 2003 * 

Final report containing the research findings and achievements of the project. October, 2003 * 



Presentation of the research findings in the appropriate national and international conferences, 
forums and journals. November, 2003 * 

• Rescheduled. Delivery date extended due to larger amount of work than originally planned; **New item. 

Status 
Continuing. The project duration to be extended by 6 months to account for the larger number of tests to be 
conducted and to accommodate new items planned (please see deliverables). Progress to date includes: 

• State-of-the-art review on braced frames and moment resisting frames as structural systems; 
• Review of timber rivets as connections used in non-residential buildings; 
• Preliminary tests on simple eccentrically-loaded riveted connections; 
• Tension and bending tests on timber rivets; 
• Embedment tests of rivets in three different engineered wood products (Glulam, PSL, and L V L ) , in 3 

different material directions; 
• Moisture content and specific gravity of the test specimens; 
• Initial steps in development of analytical model to predict the connection capacity based on material 

properties of wood members and timber rivets. 

Partners 
Canada: Structural Engineering Consultants of B C , Vancouver 

University of British Columbia, Vancouver 
Equilibrium Consulting Inc., Vancouver 
Western Archrib, Edmonton 
University of New Brunswick, Fredericton, New Brunswick 
Timber Systems Limited, Markham, Ontario 
Royal Military College, Kingston, Ontario 

International: University of Florence, Italy 
Building Research Institute, Japan 
Virginia Polytechnic Institute and State University, Blacksburg, Virginia 
Trus Joist, A Weyerhaeuser Business, USA 
US Forest Products Laboratory, USA 

Rationale and Potential Impact 
Canada exports more manufactured wood products than any other country in the world. In 1995 about 20 % of 
world wood and forest products exports originated in Canada (COFI, 1997). Overall wood and forest products 
contribute approximately $34.2 billion annually to Canada's balance of trade (COFI, 1997). This significant 
amount is similar to the combined total of the next three major industries: energy products, vehicles and parts, 
and agriculture and fisheries. Most of the wood products exported are used in residential construction, with 
only a small percentage, being used in non-residential construction. 

The North American non-residential market is vast and comparable in size to the residential market. The non-
residential construction sector consists of structures used for purposes other than habitation. The market 
includes industrial buildings (manufacturing establishments and warehouses), commercial buildings (offices 
and stores), educational buildings (schools and museums), entertainment facilities, religious buildings, 
agricultural structures, public buildings, recreational facilities, non-housekeeping buildings (hotels and 
motels), and miscellaneous buildings that are otherwise not specified such as auditoriums, swimming pools, 
theatres, and passenger terminals. Most estimates put the level of new non-residential construction activity in 
North America at approximately $100 billion per year (Kozak and Cohen 1999). This accounts for more than 
20% of all construction expenditures, including residential construction as well as repairs, maintenance and 
alterations. Wood, whose share accounts for 1.25% of these total expenditures, has made only modest inroads 



into this steel and concrete dominated market. This is especially surprising given that about 90% of all non-
residential construction activity is four storeys or less and could incorporate wood products in structural 
applications according to most building codes. In addition, according to the latest data available from the 
Canadian Wood Council (CWC, 1998), there is an untapped market for wood use estimated at $750 million 
annually in commercial construction in Canada. 

Other than concerns about fire protection, durability and marketing, one of the main perceived disadvantages 
among engineers of using wood products in non-residential structures is the lack of guidelines for structural 
systems with efficient connections. A significant amount of research in this area is needed if wood products 
are to make significant inroads into the non-residential construction sector. This research project aims to 
develop the information on the performance of structural systems with timber riveted connections, as one of 
the most promising fasteners for use in structural systems in non-residential buildings. The results from the 
research will assist industry initiadves and projects, such as "Woodworks", to promote use of wood products 
in structural applications in the commercial sector. The results are also expected to serve as a useful 
benchmark for structural design professionals and code officials in pursuing the idea of using timber in 
structural systems in non-residendal buildings. 

Wood can and should be used widely in non-residential buildings. This has always been the case through 
history, from Egyptian tombs to Japanese temples to the long houses of the First Nations peoples. Only an 
effective marketing campaign backed up by research-based knowledge, can ensure effective entry of the 
Canadian wood products industry into the non-residential marketplace of North America and beyond. 

Proposed Approach 
The main objective of the study is to develop a methodology to quantify the static and dynamic performance of 
braced frames and moment resisting frames when built with glulam riveted connections. The methodology 
developed for glulam, will be applied to other engineered wood products (EWPs) as well. This will help 
increase the body of knowledge about the strength and deformation properties of dmber riveted connections in 
different EWPs, and promote the use of EWPs in non-residendal applications. 

The research program consists of an experimental part and an analytical part. The experimental program 
includes the following steps: 

• Determining the material properties of glulam rivets as fasteners, which includes tension and bending 
tests; 

• Determining the embedment load-deformation properties for the EWPs in three principal directions, 
parallel, perpendicular and at 45° to grain/strand; 

• Conducting tests on glulam riveted connections with different EWPs loaded in compression in both 
orthogonal direcdons, parallel and perpendicular to grain; 

• Determining the static and cyclic behaviour of axially loaded EWP brace members with riveted 
connections; 

• Determining the static and cyclic behaviour of eccentrically loaded timber riveted connections; 
• Quantifying the Duration-of-Load effects on riveted connecdons in Spruce Pine glulam; 
• Determining the static and cyclic behaviour of moment resistant riveted connecdons; 
• Determining the static and cyclic behaviour of moment resistant portal frames. 

The analytical program consists of the following research activities: 

• Define material models to predict the behaviour of a glulam riveted connection based on the material 
properties of the EWP, the steel plates and the glulam rivets; 

• Define phenomenological models at the connection level, based on the results of the quasi-static 
connection tests; 
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• Define phenomenological models at the system level, based on the results of the quasi-static tests on 
braced frames and moment resistant frames; 

• Develop an analytical methodology to quantify the static and dynamic performance of braced frames and 
moment resisting frames. 

Work Completed this Fiscal Year 
A state-of-the-art review was performed on braced frames and moment resisting frames as structural systems 
used in non-residential timber construction, as well as on glulam rivets as one of the fasteners used in non-
residential timber construction. The project leader was in constant contact with representatives of the wood 
products industry, presenting the project goals and its benefits to the industry. Several industry partners 
demonstrated their commitments to the project by donating a significant amount of material for use in the 
experimental part of the project. Forintek has received shipments of L V L beams from Tembec Industries Inc., 
PSL (Parallam®) and L S L (TimberStrand®) beams from Trus Joist, and about 2,000 pieces of glulam rivets 
from Western Archrib. Western Archrib has also supplied glulam beams for the project at a greatly reduced 
price. 

Preliminary tests on simple eccentrically loaded riveted connections were performed at the Structures 
Laboratory in the Department of Civi l Engineering at UBC. Results will be used in planning the test setup for 
riveted connections under eccentric loads. Preliminary tests on the material properties of EWPs were also 
conducted at UBC. Since the values obtained were close to the manufacturer's suggested values, it was 
decided to use the latter values for the study instead of conducting more tests. 

Two types of tests were conducted to determine the rivet material properties: axial tension tests and bending 
tests. Glulam rivets from two different suppliers were used for the tests. Ten rivets from each supplier were 
tested in both tension and bending tests. The test results from bending and tension tests were compared, and 
although very similar, a decision was made which rivets will be used in the research program. 

To investigate the duration-of-load (DOL) effects in glulam riveted connections designed to fail in rivet 
yielding mode, a total of 64 riveted connections were built and placed in four tension frames previously 
designed for DOL tests on lumber. Each connection consisted of low-density Spruce Pine glulam member and 
a single 6.4 mm thick steel side plate, utilising either four or six 65mm long rivets. It is planned that the 
connections be under a constant loading of 16 kN for one year. Tests are continuously monitored and data 
sampling files are updated and saved on regular basis. 

The work on the analytical models has been initiated. Two types of analytical models are to be developed on a 
connection level: material-based models, and phenomenological models. In the case of the material models, 
the prediction of the carrying capacity of a glulam riveted connection under various types of loading is based 
on the material properties of the wood member and the glulam rivet. Two types of material models will be 
considered, one based on the well-known Johanson's yield theory (Johanson, K . W. 1949), and one based on 
the method of virtual work. Phenomenological models will be developed later in the study for every particular 
connection configuration, based on the load-deformation relationships obtained from the quasi-static 
connection tests. Phenomenological models will also be developed for an assembly or a system based on the 
results from the quasi-static tests. 

Joel Hampson, a graduate student from the Department of Civil Engineering at UBC, will concentrate his 
research work on developing the material analytical models for glulam riveted connections and their 
verification using the test results. Forintek has supported Joel's successful application for the Natural Sciences 
and Engineering Research Council of Canada (NSERC) Industrial Scholarship. 

Following the planning and design of the test setup, rivet embedment tests for determining the embedment 
properties of EWP's were conducted. Embedment tests showed the load-deformation properties of a particular 
engineered wood product (Glulam, L V L , PSL and LSL) when a single rivet connector is pushed (embedded) 



into it. Three different series of tests were completed: parallel, perpendicular and at 45 degrees to grain/strand, 
for each of the four EWP's. A total of 12 replicates were tested for each EWP in each direction for a total of 
108 tests. After the experimental program was completed, data analysis was performed. In addition, the 
moisture content and relative density for specimens used in embedment tests were measured and the results 
were analysed. 

The third experimental phase included quasi-static compression tests on riveted connections loaded parallel 
and perpendicular to grain/strand. Each connection consisted of an EWP member with 6.4 mm steel plates and 
four rivets on both sides of the connection. Tests were performed on connections built using all four 
engineered wood products (Glulam, PSL, L V L , and LSL) , and two rivet lengths, 40 mm and 65 mm, where 
specimen thickness allowed. Five replicates were tested from each connection configuration in both parallel 
and perpendicular to grain orientations, for a total of 60 tests. The test setup is shown in Figure la, while 
typical load displacement curves obtained form both sides of a riveted connection in glulam loaded parallel to 
grain are shown in Figure lb. The data analysis of the experimental tests is expected to be completed by mid 
April 2002. 

Finally, during the first fiscal year, Erol Karacabeyli and Marjan Popovski participated in several professional 
meetings and brainstorming sessions held to define the research strategy that will enable expansion of the use 
of wood products in non-residential structural applications. They also initiated the process for establishment of 
an international research network, including domestic and foreign research institutes and universities that will 
promote exchange of ideas among the researchers in the non-residential sector. Some of the potential members 
of the international research network include: the US Forest Products Laboratory, Madison, Wisconsin; 
Structural Engineering Consultants of BC, Vancouver; University of British Columbia, Vancouver; University 
of New Brunswick, Fredericton, New Brunswick; Timber Systems Limited, Markham, Ontario; Royal Military 
College, Kingston, Ontario; University of Florence, Italy; Building Research Institute, Japan; Virginia 
Polytechnic Institute and State University, Blacksburg, Virginia; Tembec Industries Inc., Quebec; Trus Joist A 
Weyerhaeuser Business, Boise Idaho; and Western Archrib, Edmonton, Alberta. 
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Figure 1. a) The test setup for compression connection tests; b) Typical load displacement curves of both sides 
of a riveted connection in glulam loaded parallel to grain. 



Publications 
Some findings of the state-of-the-ail survey of glulam riveted connections were published in the following 
papers: 

Popovski M . , Karacabeyli, E., Prion, H.G.L. 2001. Dynamic Behaviour of Glulam Riveted Connections in 
Timber Construction. Proceedings of the 55* R I L E M Annual Symposium on Joints in Timber Structures, 
Stuttgart, Germany. 

Popovski M . , Prion, H.G.L., Erol Karacabeyli. 2002. Seismic Performance of Connections in Heavy timber 
Construction. Paper submitted for publishing in the Canadian Joumal of Civil Engineering. 

Popovski M . , Karacabeyli, E., Prion, H.G.L. 2002. Seismic Performance of Riveted Connecdons in Braced 
Timber Frames. 2002. Paper to be presented at the 7* US National Conference on Earthquake Engineering, 
Boston, Massachusetts. 
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