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Timber – the material of choice for four 
soccer stadiums in Québec 

1. Introduction 

This presentation will look at the recent sudden emergence in the construction of timber 

frame soccer stadiums in the province of Quebec, Canada. The first project was com-

pleted in 2005 in Laval, a Montreal suburb. Three more soccer stadiums, all of glulam 

construction, are currently at different stages of construction and at least three more are 

entering or approaching the design phase. We understand that a few more are also in the 

early planning stages. 

The local political environment behind this sudden resurgence in large timber construc-

tion in Quebec and other areas of Canada will be discussed. 

Following this discussion, we will follow with a case study of one of the stadiums cur-

rently under construction, with a particular focus on the seismic design approach used 

under the latest Canadian building Code (NBC 2005), which features a fully revised seis-

mic design section. 

2. The Canadian Politics of Wood 

This sudden emergence of timber soccer stadium construction in "La belle province“ does 

not only reflect an increase in popularity for the sport, but also represents a significant 

broad-based political commitment to promote the use of wood, an abundant local re-

source. This should actually be described as a re-birth rather than a new trend, as many 

significant structures such as ice rinks and large industrial and office buildings were often 

built in wood in Quebec and most other provinces throughout Canada, until about the 

middle of the century.  

Timber is big business in Canada. This is not surprising. If you 

have ever had the chance to go fishing in northern Quebec, 

northern Ontario or northern British Columbia, you will know that 

the northern part of the country is essentially one big forest, in-

terrupted only by lakes and the occasional logging road. (If you 

went fishing in Saskatchewan, you might have missed this 

point). Consider now that Germany fits 4.3 times within Quebec 

alone, and that Quebec fits about 6 times within the rest of Can-

ada, and you will understand why Canada is the largest exporter 

of softwood lumber in the world. Canada shipped 21.5 billion 

board feet to the USA alone in 2005. Yes, that was billion, not 

million.  

This said, federal and provincial governments have had to actively promote the use of 

wood as a construction material in commercial buildings in Canada over the last 10 

years, and more recently, have passed legislation in Quebec and BC mandating that it be 

the primary construction material in all publicly funded projects such as schools, hospitals 

and government buildings. 

Since the sixties, with the advent of "modern" building codes, concrete, steel and con-

crete masonry established themselves as the materials of choice for commercial and in-

stitutional buildings, in large part due to new prescriptive fire requirements, and the ar-

guably biased classification of "combustible" vs "non-combustible" construction. (Why not 

classify materials as "meltable" and "non-meltable" one may have asked). This hiatus in 

our timber construction heritage is now being overcome however, due in large part to 

strong political will, leading to a wood friendlier performance based national building 

code, as well as numerous sponsorship programs across the country. 
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This political will to suddenly build with wood again is spurred by a traditionally frag-

mented timber industry which has recently chosen to organize itself under recent eco-

nomic pressure. This re-birth is of course also generously fuelled by the new global trend 

towards sustainable construction, as buildings have been identified as the most important 

users of energy on the globe, a large portion of that energy footprint being attributable 

to the construction itself (as opposed to operation and maintenance).  

In 2008, the government of Quebec issued the "Livre vert" (The Green Book) a 77 page 

policy statement outlining the province's wood sector policies and commitments, com-

plete with a message from the province's Premier. His first sentence was: "La forêt fait 

partie de ce que nous sommes." (The forest is part of who we are). On October 1, 2009, 

the British Columbia provincial government issued a similar policy statement called: 

"Wood first". Similar political efforts have taken place in other countries such as Sweden 

and France some years ago. In fact, the "Livre vert" is clearly inspired by the work done 

in Sweden. 

In Quebec City, the brand new Chauveau Soccer Stadium, currently nearing completion, 

"had to be built in wood", according to then outspoken and visionary mayor Andrée 

Boucher. Often described as stubborn and criticized for it, Mayor Boucher had to dig her 

heels and rebuke opposition to the wood option. Sadly, Mrs Boucher passed away sud-

denly on August 2007, before seeing her dream project completed. But the new mayor, 

appearing to be equally committed to the project, saw it through. The stadium will be the 

pride of local residents.  

A new sports complex at Laval University, which is also to include a soccer stadium, is to 

be built in wood. The University Rector, an old forest industry man, made sure of that. 

There is even talk about bringing the NHL Nordics back to town, and word is that the new 

hockey super stadium that will house them can only be a timber structure. Of course.  

Timber is back in Canada. Rightfully so. 
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Picture 1: Marie-Victorin stadium,  
Montreal. Computer model [5] [6] 

3. CASE STUDY - THE MARIE-VICTORIN STADIUM, 
 MONTREAL, QUEBEC 

3.1. Structural Concept 

The Marie-Victorin Sports Complex, located on a col-

lege campus on the north side of the City of Montreal, 

consists of a soccer stadium, a large double gym, an 

indoor running track, a large multifunctional storage 

area, a store, offices and standard amenities. In total 

the complex has a footprint of 12200 m2.  

The structural system for the soccer roof consists of 

traditional glulam arches and clerestorey beams, de-

signed to minimize snow load accumulations under 

Canadian Building Code requirements and minimize 

onerous unbalanced loading moments in the arches.  

The arches have a clear span of 70m and consist of 

250x1980mm glulam elements, bearing on large con-

crete piers incorporated in the modest seating areas 

on one side, and ancillary space structure on the 

other. The stadium is a user oriented facility rather 

than an entertainment complex. The surrounding 

structure consists of simple glulam post and beam 

construction.  

 

In the vertical planes, the lateral stability was 

achieved exclusively by braced timber frames.  

Diaphragms primarily consist of corrugated steel 

decking, fastened to the glulam supporting members with self-tapping screws, except for 

the soccer roof diaphragm, which is reinforced by cross-braced rods, which also provide 

stability during erection.  

 

 

 

 



15. Internationales Holzbau-Forum 09 

Timber – the material of choice for four soccer stadiums in Québec | E. Karsh 

 
6 

3.2. Lateral Design 

Seismic Basics 

 

Capacity design 

 

Earthquakes are a formidable force of nature, and their magnitude and specific behaviour 

cannot precisely be predicted. Codes quantify seismic forces because this simplifies the 

issue for designers but in truth, code specified earthquake forces may very well be un-

derestimated. One may look at seismic forces this way: "Mother earth will do what it 

bloody well pleases, and my structure will just have to go for the ride, whether it likes it 

or not".  

When the ground starts shaking, the stiffer and the stronger your structure, the higher 

the forces it will experience. Remember the La Fontaine fable "The Oak and the Reed" ... 

All structural engineers should read this one. 

This brings us the concept of capacity design. Capacity design is by far the most impor-

tant concept in the design of seismic force resisting systems. It can be summarized in the 

following statement [1]: 

In capacity design, acknowledging that inelastic behaviour is unavoidable in the course 

of a severe earthquake, the designer dictates where inelastic response should occur. 

Such zones of possible inelastic behaviour are selected to be regions where large plas-

tic deformations can develop without a significant loss of strength. These regions are 

detailed to suppress premature, undesirable failure modes, (…). In addition, one must 

eliminate the likelihood of inelastic action or failure elsewhere in the structure, by 

making the capacities of the surrounding structural members greater than that needed 

to reach the maximum capacity of the so-called plastic zones. 

 

Uniform Hazard Spectrum 

 

To determine the seismic forces, the uniform hazard spectrum is required. The following 

figure shows the uniform hazard spectra for selected Canadian cities for a probability 

level of 2% in 50 years on firm ground.  

 

 

Figure 1: Uniform hazard spectra for selected Canadian cities for a 
probability level of 2% in 50 years on firm ground [2] 
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Canadian Code 

 

In the National Building Code of Canada 2005, the following equation is used to deter-

mine the base shear of a structure. 

 

 

 

(1) 

 

 

 

= Lateral earthquake design force at the base of the structure (Base shear) 

 

 

= Design spectral response acceleration for the fundamental period of vibration 

for the structure 

 

 

= Factor to account for higher mode effect on base shear 

 

 

= Importance factor 

 

 

= Dead load plus 25% of design snow load 

 

 

= Ductility related force modification factor reflecting the capability of a structure 

to dissipate energy through inelastic behavior. 

 

 

= Overstrength-related force modification factor accounting for the dependable 

portion of reserve strength in a structure 

The seismic force reduction value of Rd x R0 is similar to the single q-value (Verhaltens-

beiwert) in the European Codes. In Canada the seismic force reduction value is split into 

two distinctive values which are specific to each material and type of Seismic Force Re-

sisting system (SFRS), to reflect capacity design principles.  

Rd, much like the q-value in Europe, relates to the ductility of the material. The idea is 

that more ductile systems can dissipate seismic energy and may be designed for lower 

forces. Ductile systems act much like a fuse does in an electrical system. 

R0, introduced in the 2005 code, quantifies the over-strength that the SFRS is expected 

to have. This is critical to the concept of capacity design because the weakest link in the 

system (the plastic zones) determine the level of seismic force throughout the system.  

If the ductile elements of the system are stronger than expected, then the entire struc-

ture is susceptible to higher forces and must be designed accordingly. More importantly, 

if the ductile elements refuse to fail at the assumed load, then non-ductile elements may 

fail prematurely, causing serious damage or even sudden collapse. In short, the brute 

force approach is not appropriate for the design of seismic resisting systems. Quite to the 

contrary. Good seismic design is all about establishing elegant failure mechanisms. 
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The following table shows the ductility related force modification factor Rd and the over-

strength related force modification factor Ro for Timber structures designed and detailed 

according to CAN/CSA-O86 (the Canadian timber code). 

Table 1: Summary of design and detailing requirements for timber seismic force resisting systems (SFRSs) [3] 

 

 
 

Ro is based on the following formulation, to account for the various components contri- 

buting to the overstrength of the system:  

 

 

 

(2) 

 

 

= Overstrength arising from restricted choices for sizes of members and  

elements and rounding of sizes and dimensions. 

 

 

= Factor accounting for the difference between nominal and factored resis-

tances, equal to 1/ , where  is the material resistance factor as defined in 

the CSA standards. 

 

 

 

= Ratio of “actual” yield strength to minimum specified yield strength. 

 

 

= Overstrength due to the development of strain hardening. 

 

  

 

= Overstrength arising from mobilizing the full capacity of the structure such 

that a collapse mechanism is formed. 
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The following table shows the various components of the over-strength related force 

modification factor R0 for timber systems, again for structures designed and detailed ac-

cording to CAN/CSA-O86. 

Table 2: Derivation of over-strength related force modification factors for timber seismic force resisting systems 
(SFRSs) [3] 

 

 
 

 

 

The figure on the left hand side shows the 

determination of the lateral design force, V, 

including ductility and over-strength related 

force modification factors. Vy stands for the 

lateral force at yielding and Ve for the elas-

tic lateral force. Δ represents the lateral 

displacement. Δe stands for the lateral dis-

placement corresponding to Ve.  

 

 

 

 

 
Figure 2: Relationship between Ve, Vy, V, Δ and Δe. 

[2] 
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Pictures 2: Erection of the soccer 
arches [5] [6] 

3.3. Interpretation for Heavy Timber Constructions 

While Rd and R0 values are easily obtained from the Na-

tional Building Code of Canada 2005, achieving the in-

tended behaviour is left to the engineer. For timber struc-

tures consisting of plywood shear wall, plenty of recom-

mendations and guidelines are available. But when it comes 

to the design of braced timber structures, only a few re-

search papers are available to properly address capacity 

design principles for the system.  

 

The following statement is part of the introduction to the 

National Building Code of Canada 2005 [2]: 

"The inelastic response of concentrically braced frames 

and moment-resisting frames made of timber depends 

almost entirely on the ductility of the connections. 

Hence, there are two categories for these structural sys-

tems. The first category includes frames with connec-

tions that have moderate ductility, such as connections 

with timber (glulam) rivets designed in rivet yielding 

mode. The second category includes connections with 

limited ductility, such as bolted connections with a small 

ratio of wood member thickness to bolt diameter." 

 

Following is a list of the most important concepts we used 

to carry out the design of the seismic force resisting sys-

tems using braced timber frames for the Marie-Victorin 

Soccer Stadium. These are based on the firm's practical 

experience, as well as discussions with several researchers 

from New Zealand and Canada, namely with Marjan Pop-

ovski of FPInnovations-Forintek in Vancouver. 

 

 In timber structures the failure of wood members in 

tension or bending is not favorable because of its 

brittle characteristics.  

 Consequently, all non-linear deformations and ener-

gy dissipation elements within the concentrically 

braced timber frames should be located within the 

brace connections to the post and beam frame, 

where predictable steel yielding and possibly minor 

wood crushing can take place.  

 All other lateral load resisting elements and their 

connections shall be designed to remain linear elas-

tic, with a strength that is slightly higher than the 

probable forces generated by the braces.  

 In some cases R0 is used to determine the probable 

resistance of the system. For braced timber frames, 

an accurate determination of the probable resistance 

of the connection should be carried out to establish 

the design force for the other remaining connec-

tions and members. 

 Not all connections yield at the same time. This will lead to accidental moments 

that need to be considered. 

 Tests showed that braces with a gap between the brace end and the connecting 

members plates have a relatively symmetrical response compared to a tight con-
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nection, due to the ability of the connection to yield both in tension and compres-

sion.  

 
a) 

 
b) 

Pictures 3: Connection detail of a braced frame during construction: a) with gaps and b) without gaps at the 
end of the diagonal [4] 

3.4. Design and Construction 

Below are some examples of brace connections 

from the Marie-Victorin sports complex. All con-

nections at the braces were made with steel 

side plates and 6  x 60mm annular ring nails. 

All connections to the dragstruts were made 

with knife plates and tight fit bolts. 

 

 

Picture 5: Gym wall elevation [5] 

 

 

 

 

 

Picture 4: Annular ring nail (Rillennagel) 
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Pictures 6: X-Brace to column connection detail [5] Picture 7: X-Brace to column connection with  
drag-struts [6] 

 

At first, all connections were designed with small diameter tight fit bolted connections 

with concealed multiple knife plates. Following a request from the fabricator and erector 

to allow for higher erection tolerances, side plates with annular ring nails were chosen. 

This allowed the erector to deliver the braces to site with an over-length. After the post 

and beam structure was erected, the actual dimension between the working points was 

field measured and the braces were cut to the appropriate length. 

4. Conclusion 

In the end, does it matter if the design base shear is under-estimated by 10 or 20%. If 

the braces are over-designed by 20%, is the building 20% stronger? We hope we con-

vincingly illustrated that unlike gravity design, seismic design is more about structural 

response than structural strength. This is true because seismic loading consists of short, 

reversible spurts. A proper load path is of course just as critical for lateral design as it is 

for gravity design.  
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