


Effective Connection Systems in Timber Assemblies – TT.1.05 201002773 

 

 

 

  FPInnovations. All rights reserved. 
®  FPInnovations, its marks and logos are registered trademarks of FPInnovations. 

ii 

 

Abstract 

Connections in timber structures play a key role in providing stability and stiffness to the structure. 

Timber joints may often become the weakest links of the structure and, therefore, require particular 

attention from the designers. Structural efficiency, simplicity of design, ease of fabrication and assembly 

in addition to cost effectiveness are some of the major parameters that need to be taken into account when 

specifying the appropriate connection system in timber projects. 

 

The recent development of a new generation of structural composite wood-based products and assemblies 

(e.g. Cross Laminated Timber [CLT], parallel strand lumber, oriented strand lumber, etc.) and the recent 

interest in hybrid systems require the development of innovative connection systems as well as technical 

information on the design and performance of such connections. Moreover, the advancement in the 

Computer Numerical Control (CNC) systems which are being widely adopted in the manufacturing of 

timber and other wood-based products, is also contributing towards the development of such innovative 

connection systems as it facilitates the design and fabrication of such systems. Although some innovative 

timber connection systems have been developed (mainly in Europe and Japan) over the last 20 years or 

so, the lack of technical information and design guidelines is making it difficult for designers and 

engineers to adopt them in North America.  

 

This report summarizes a series of activities focused on developing relevant technical information that 

would facilitate the design and construction of traditional and innovative connection systems for non-

residential and mid-rise wood and hybrid construction using conventional and engineered wood products. 

The report also covers activities intended to support the design communities across the country which 

take the form of training courses and seminars organized to provide designers and engineers with the 

state-of-the-art technical information required to design their projects in accordance with the new design 

provisions in the Canadian timber design standard and using innovative connection systems from Europe 

and Japan. Since CLT is becoming one of the most promising alternative wood-based products to 

concrete in special applications, considerable work has been invested in developing appropriate 

connection systems to facilitate the use of this product for various applications.  

 

One full chapter dedicated to the detailing and design issues of connection systems in CLT assemblies 

was drafted and compiled into a CLT handbook which was published recently by FPInnovations under 

the Transformative Technology Program under this project. In addition to that, results from an 

exploratory study focused on evaluating different CLT to CLT panel profiles typically used are presented 

in this report. Self-tapping screws are one type of fastening system that has been used extensively in 

Europe in CLT assemblies and one that has a great potential as it combines the ease of installation (i.e. 

requires no pre-drilling) with high efficiency. The report also describes some of the technical work 

conducted to support code change proposals in CSA O86 relating to improving current design procedure 

for ductile failure mode to account for additional capacity due to axial tensioning effect.  

 

To be able to provide designers with a practical way of selecting the appropriate type of connection 

system for their specific application, detailed information on key performance attributes of traditional and 

innovative types of connection systems has been compiled in a table format. Such information will greatly 

assist design professionals who are pursuing the idea of using wood structural systems in non-residential 

buildings. 
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1 Objectives 
The key objective of this study was to develop and compile technical information on the performance of 

various types of connection systems, including conventional and proprietary systems that can be used in 

heavy timber construction, including post and beam glulam and Cross Laminated Timber (CLT) 

construction. Another objective was to provide recommendations on how to optimize the design and 

performance of such connections.  

 

2 Introduction 
Connections in timber structures play an essential role in providing stability and stiffness to the structure. 

Timber joints may often become the weakest components of the structure and, therefore, require thorough 

attention from the designers. The interruption of continuity in the timber structure caused by the presence 

of joints results in a decrease in the overall strength and stiffness of the structure which in turn implies an 

increase in the dimension of the assembled timber elements. In many cases, timber connection details 

govern the sizing of the various structural members. The efficient design and fabrication of such 

connection systems often helps to determine the level of success of wooden buildings when compared to 

other buildings made of steel or concrete and to a certain extent, the success of wood systems in hybrid 

constructions. 

 

The recent development of new generation of structural composite wood-based products and assemblies 

(e.g. Cross Laminated Timber [CLT], parallel strand timber, oriented strand timber, etc.) and the recent 

interest in hybrid systems require the development of innovative connection systems. Although some 

innovative timber connection systems have been developed (mainly in Europe and Japan) over the last 20 

years or so, the lack of technical information and design guidelines is making it difficult for designers and 

engineers to adopt them in North America.  

 

The recent advancement in the Computer Numerical Control (CNC) systems which are being widely used 

in the manufacturing and profiling of timber and other wood-based products is paving the way towards 

the development of these innovative connection systems as it facilitates the design and fabrication of such 

systems. Self-tapping screws are one type of fastening system that has great potential as it combines ease 

of installation (i.e. requires no pre-drilling) with high efficiency. Key to the importance of this is that the 

current design code provisions are very restrictive and do not cover this innovative type of connection 

system (e.g. self-tapping screws). Introduction of design provisions for innovative connections will 

greatly assist design professionals who are pursuing the idea of using wood structural systems in non-

residential buildings. 

 

 

3 Staff 
Mohammad Mohammad, P.Eng., Ph.D. Group Leader, Building Systems 

Williams Munoz, Ph.D. Scientist, Building Systems 

Olivier Baës Technologist, Building Systems 

Anes Omeranovic Technologist, Building Systems 

Félix Pednault Technologist, Building Systems 
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4 Approach/Methodology/Activities 
Various activities were conducted under this study to generate technical information on timber connection 

systems and share such information with the design and the manufacturing communities across Canada 

and in the US. Suitability of these connection systems for several types of building construction was 

studied and analysed to establish an adequate relation between connection system and construction type.  

 

To allow for a holistic analysis of every type of connection, several properties and/or characteristics were 

studied to provide a complete view of several systems. In some cases, a few testing programs were 

conducted with innovative or common fastening systems. Also, an exploratory study of the application of 

nanotechnologies to wood and wood connections was carried out to see how such treatments affect the 

behaviour of wood connections. 

 

Additionally, all the connection systems for a prototype of an 8-storey wood building were designed to 

demonstrate the applicability of timber construction methods for high-rise buildings. Finally, diffusion 

activities were also conducted to expand the knowledge of professionals about common and innovative 

connection systems. 

 

The following is a list of the major activities undertaken during the period between 2005 and 2010 to 

compile and develop technical information on the various types of connection systems from North 

America, Europe and Japan, provide support to designers and develop connection systems for certain 

types of assemblies.  

 

- Identification of different connection systems for several building types 

- Design of connection systems for an 8-storey post and beam building 

- Enhancement of current design procedure in CSA O86 for bolts and dowels to account for 

axial tensioning effect 

- Investigations on the panel to panel joint performance in CLT 

- Development of testing program for some promising innovative connection systems   

- Drafting of a chapter on CLT connections for FPInnovations’ CLT Handbook 

- Contribution to a special publication on tall heavy timber buildings 

- Development of innovative connection systems concepts in CLT 

- Technical seminars and training sessions 

- Investigations on the use of nanotechnology for reinforcement of timber connections 

- Contribution to current projects at universities focused on use of innovative connection 

systems in timber 
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5 Details of the Various Activities 
The results of all the activities conducted are separated by item as they were described above. The format 

for presenting the results varies depending on the objectives and conducted tasks. In the case of activities 

where articles were published or presented in conferences or committees, a full text is presented in the 

appendix, otherwise the tasks and its results are presented in the main body of the report. 

 

5.1 Summary of various potential traditional and innovative connections systems 

Technical information on the various types of timber connection systems from North America, Europe 

and Japan (including traditional and innovative connections) and their performance attributes have been 

compiled and presented in a summarized form in Appendix I. The various performance attributes given in 

Appendix I include among many: 

 

 Strength/Structural 

 Fire performance 

 Cost effectiveness 

 Complexity of design 

 Ease of assembly 

 Serviceability 

 Aesthetic 

 

Most of this information was developed from literature publications or from technical data sheets 

provided by connections manufacturers. In some cases, such information was gathered directly from 

manufacturers through plant visits or meetings. 

 

In cases where no technical information was found, engineering judgement was made based on the project 

leader’s experience and knowledge derived from 15 years of research on connections and their 

performance. Finally, a subjective evaluation and ranking, from 1 (not recommendable) to 5 (really easy), 

as related to assembly and disassembly is given.  

 

5.2 Development of Connection Systems for an 8-storeys prototype building 

Engineering calculations were developed for the design of all timber connections for the 8-storeys hybrid 

building (Figure 1) developed under “Three Best Bets” project. Since the same building design concept 

has been adopted by Douglas Consultant Inc., (a local engineering firm in Québec), for a new 

development project in Québec City called “Cité Vert”, some changes have been made to the building 

plan which affected the design loads on connections. Project leaders worked very closely with Douglas 

Consultant Inc. engineers to develop and finalize the connections design. The next subsections describe 

the tasks undertaken for developing the concepts and calculations. 

 

5.2.1 Design requirements for connections in heavy timber structures  

Major requirements related to the design and performance of connections in heavy timber constructions, 

counting multi-story structures, include among many; strength efficiency, stiffness/flexibility, failure 

modes, simplicity and transparency of design, fire resistance and corrosion resistance. Additional design 

requirements such as good aesthetics, cost-effectiveness, and ease of manufacturing and assembly are 

usually considered as being of a minor role. Connection systems that are too complicated or difficult to 

fabricate are usually replaced by simple systems. Connection systems that enable a quick assembly of the 

various building components and assemblies could enable wood building constructions to compete with 



Effective Connection Systems in Timber Assemblies – TT.1.05 201002773 

 

 

  FPInnovations. All rights reserved. 
®  FPInnovations, its marks and logos are registered trademarks of FPInnovations. 

4 of 40 

 

other popular construction systems such as steel which can be erected relatively quickly. At the same 

time, a connection system easy to assemble and disassemble is becoming an important feature and 

preferred option by designers and clients used to the flexibility that such buildings provide in terms of 

adaptability and/or deconstruction. 

 

 
 

Figure 1 Post and beam building prototype  
 

 

5.2.2 Special considerations for connections design in mid-rise heavy timber and hybrid 
buildings 

Traditional structural systems typically used for low-rise heavy timber construction may not necessary be 

the most efficient type of system for use in mid-rise heavy timber and hybrid construction. There are 

certain issues associated with the way posts and beams are connected in such applications that cannot be 

overlooked. For example, in low-rise heavy timber construction, it is quite common to place a girder or a 

beam on top of the post to capitalize on the bearing resistance. However, in mid-rise construction, high 

gravity and lateral loads are expected at the 2
nd

 and 3
rd

 floor, which could result in excessive compression 

perpendicular to grain stresses (Figure 2). Therefore, it would be necessary to adopt an alternative system 

at those locations where, the post to beam to connection is established through mechanical connection 

components, in such a way that the beam is attached to the side of the post instead of placing it on top of 

the post (i.e. balloon structural form). As for the top floors, typical beam on post configuration could be 

used since gravity loads are not that high. Those are some of the considerations that a designer needs to 

take into account when designing connections in multi-storey timber buildings.  

 

In designing timber connections for mid-rise heavy timber and hybrid constructions, it is also important to 

avoid concentrating all connections in one location. For example, if a 4-way beam to post connection at a 

certain floor is established through a side metal plate bracket (i.e. beams are attached to the side of the 
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posts), it is recommended to locate the post to post connection away from the beam to post connections 

(Figure 2). This is a typical connection detail in steel where post to post connection would usually be 

located 1.0 to 2.0 ft away from the post to beam connections. Crowded connections will lead to potential 

problems in fabrication of the connection system, in the assembly and potentially, and generally, will 

weaken the wood in that location due to over profiling and drilling.  

 

 
 

Figure 2 Post-to-beam connections in mid-rise construction:  compression perpendicular to 

grain  
 

 

Moreover, in developing connection systems for mid-rise constructions where wood is mixed with other 

materials such as concrete or masonry, it is important to pay special attention to differential movement 

between wood structural members and such materials. Due to differential shrinkage between the two 

materials, differential movement will occur at the interface and this might result in additional stresses. 

Design details of the connection between concrete or masonry and wooden structural beams must allow 

some movement to minimize stresses due to differential shrinkage. For example, slotted metallic plates 

should be provided to enable movements. It is also necessary to avoid direct contact between concrete or 

masonry and wood members as moisture tends to condensate on the concrete or masonry surfaces and 

therefore get absorbed by wooden members at the end grain. This is established by allowing an air gap 

between timber and concrete or masonry. If no measures are taken then this could easily lead to 

decay/deterioration and loosening of connections. Potential deformation and damage of connection 

hardware due to swelling and ultimately, excessive tension perpendicular stresses (i.e. splitting) could 

also occur. It is therefore, recommended to apply water repellent at the end grain of wooden members 

exposed to moisture since absorption of moisture through wood end grain is a lot faster than from side 

grain.  
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a)    b)    c) 

    
d)      e) 

 

Figure 3 Connection systems developed for the 8-storeys building 
 

 

Several connection systems have been developed for the 8-storey building concept (Figure 3). In Figure 

3a, a typical bearing system is shown. Figure 3b and 3c show single and double concealed shear plates 

which could provide good shear resistance due to gravity loads and superior fire resistance as the metallic 

hardware is hidden inside the beam. Thin double plates enable the use of small diameter dowels which 

could provide high ductility in seismic areas, compared to connection systems with single shear plates. 

Moreover, self drilling dowels could also be used with such relatively thin internal metal plates. Figure 3d 

shows a connection system that is similar in many ways to typical moment resisting connection systems 

in steel constructions. Small diameter self-drilling dowels could be used to secure the metal I-section 

inside the wood. Typically, the post is transported to the site already equipped with metal plates. On site, 

the beam is seated on the post plate, and then attached to the post using typical steel to steel type of 

connections with pre-drilled holes and bolts. To improve the fire performance and provide a good 

aesthetic, the exposed steel parts are usually covered with wooden element/caps. Finally, Figure 3e shows 
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a concept where two plates are pre-installed on both the post and beams at the plant, then bolted on site 

during the assembly process. The plate in the beam is centred with respect to the thickness of the beam, 

while the plate in the post is slightly placed at an offset to allow for an exact alignment between beam and 

post. The connection is finally protected with a wooden cap.  

 

For the connection design of the 8-storey hybrid building, the final design adopted was that shown in 

Figure 3-b which incorporates single metal plates for all post and beam intersections, except for the roof-

to-post connections. This connection was designed using bearing metal plates to carry the gravity loads 

and concealed single plates with dowels to withstand uplift and/or shear forces. Examples of post-to-post, 

post-to-beam inter-floors and roof, and post-to-foundation are given in Appendix II. 

 

5.3 Axial tensioning in bolted connections – CSA O86 code change proposal 

Generally, it is considered that bolts in timber connections behave structurally like dowels or drift pins; 

however, there are some differences (Madsen, 2000). A plain dowel/drift pin behaves like a simple beam 

with pinned support, while a bolt secured with a nut acts more like a beam with fixed ends. The nut and 

head supported by a steel side plate or a washer provide an additional rotational resistance and a plastic 

hinge may be formed near the surface of the side member (Figure 4). The bending and tensile forces 

developed in the fastener tend to pull it out of the holes in the members. However, with the formation of 

plastic hinges, the residual strength of the connection will increase if sufficient withdrawal resistance 

exists due to fasteners threads (in case of screws and lag bolts) or heads and nuts (in case of bolts). The 

overall capacity of the connection increases with the increase of the axial tensioning and frictional forces 

and the formation of additional plastic hinges. The ultimate failure occurs when the withdrawal resistance 

is exceeded or the ultimate strength of the fastener or of the joint member is reached. 

 

Unlike the recently revised provisions for nails and screws in CSA O86-09 (CSA, 2009), yielding 

equations for lateral resistance of bolted and dowelled timber connections do not account for axial 

tensioning effect. Several configurations of bolted connections have been tested to verify the contribution 

of that effect to the ultimate yield capacity for failure modes that involve yielding of the fastener. Results 

have indicated that average load capacities for connections with single or double bolts were 1.3 to 4.0 

times higher than those tested with dowels, depending on the type of connection configuration (i.e. WSW, 

WWW or SWS), slenderness ratio and loading direction relative to grain. Comparison of the test results 

with load capacities calculated using Eurocode 5 (EN, 2006) approach, that account for the tensioning 

effect, showed that it could be conservatively adopted in CSA O86 (CSA, 2009) for certain yield modes.   

 

Results from tests have been compiled in a discussion paper and were presented at the last 2 meetings of 

the Fastening Subcommittee (SC) of CSA O86. Some comments by the SC members were received and 

more work is planned to deal with those comments prior to the submission of a formal technical poll or a 

code change proposal. For more details, please refer to Appendix III, where a copy of a discussion paper 

submitted by the authors to the Fastening Subcommittee of CSA O86 is given. 
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z

 
(a)      (b) 

Figure 4 Typical ductile failure modes for WSW and SWS timber connections with high 

slenderness ratio:  (a) with bolts and (b) with dowels 
 

 

5.4 Investigations on typical panel to panel connections in CLT 

Use of Cross Laminated Timber (CLT) panels in building constructions has increased over the last few 

years. Several buildings have already been erected around the world using CLT which is a good 

testimony of the many advantages that this product offers to the construction sector. The light weight and 

the high level of prefabrication involved which facilitate a quick erection time are just some of the key 

advantages, especially in mid-rise construction (5-9 storeys). While this product is well-established in 

Europe, work on the implementation of CLT products and systems have just begun in Canada and the US. 

Long self-tapping screws are typically recommended by the CLT manufacturers and are commonly used 

for connecting panels to panels in floors and floor-to-wall assemblies. The structural efficiency of the 

floor system acting as a diaphragm and that of walls in resisting lateral loads depends in principle, on the 

performance of the fastening systems and connection details used to interconnect individual panels and 

assemblies together as an integral part of the building.  
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Figure 5 Tested panel to panel profiles and test set-up 
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Figure 6 Loading directions for typical floor assemblies using CLT panels 
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Several connection configurations in CLT were identified in this study and tests were conducted to 

determine strength and stiffness of such connections as part of major research efforts at FPInnovations, 

aimed at introducing CLT product and assemblies in Canada. The two types of panel-to-panel connection 

profiles typically used by European manufacturers and designers were investigated under this study:  

single spline and lap joints. The two types of profiles were evaluated laterally using either self-tapping 

screws or typical wood screws (i.e. in the direction parallel or perpendicular to the strong axis of the 

panel) (see Figure 5 and 6). Self-tapping screws were evaluated with lap profiles while wood screws were 

used with single spline profiles. Withdrawal tests for floor-to-wall panels were also conducted to 

investigate the performance of self-tapping screws used for that type of joint. 

 

Moreover, existing CSA O86-09 (CSA, 2009) design provisions for screws and lag screws and those 

given in Eurocode 5 (EN, 2006) were used to calculate the capacity of such connections and predictions 

were compared with test results. The embedment equations developed by Uibel and Blass (2006 and 

2007) for CLT were adopted in the calculation of the joint capacity as well. Recommended procedure for 

the calculation of the withdrawal resistance by the screws manufacturer, were also evaluated in the 

analysis and estimates were compared with results. Key findings from this study have indicated that lap 

connections using self-tapping screws performed better than spline configurations with normal wood 

screws, in terms of maximum lateral capacity for the same fastener spacing. Lap joints showed better 

ductility over spline joints as spline profiles exhibited brittle failure due to splitting and/or shear fatigue of 

the fastener. 

 

Comparisons of test results with estimates from CSA O86-09 indicated that wood-screw or lag-screw 

provisions could not adequately be used to estimate the lateral capacity of self-tapping screws as 

estimates were too liberal. On the other hand, Eurocode 5 standard conservatively predicted the lateral 

resistance compared to test results. The equation proposed by Uibel and Blass seems to produce 

reasonable predictions of the lateral resistance using self-tapping screws for lap connections. However, 

the lateral capacity of spline configuration was overestimated in all cases.  

 

Withdrawal calculations using CSA O86-09 and Eurocode 5 provisions, procedure proposed by the self-

tapping screws manufacturer and proposed equations by Uibel and Blass, exhibited different degrees of 

overestimation. A lower value of the characteristic density value compared to the recommended by Uibel 

and Blass could have caused the discrepancy between test results and estimates using their approach. 

 

Technical information from this exploratory study has been published in the 2010 World Conference on 

Timber Engineering (WCTE) in Italy. Results were also presented to the CSA O86 Fastening SC in 

January 2011 in Vancouver as an information item. The WCTE published paper can be found in 

Appendix IV.  

 

5.5 Evaluation of alternative/innovative fasteners and fastening systems in timber 
and hybrid assemblies  

As part of the exploring process of effective and alternative connection systems for use in heavy timber 

and hybrid mid-rise assemblies, including CLT, two types of fasteners were identified and testing 

programs were developed and launched to evaluate the performance of those fasteners in timber under 

this project.  

 

The two types of fasteners evaluated were: 

 

 Hilti gun powder-driven nails  

 Wood bars from SFSIntec 
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Hilti gun powder-driven nails are selected for hybrid floor and roof applications where timber decking is 

attached to the supporting metal joists, typical for commercial and industrial buildings. On the other hand, 

WB from SFSIntec which are usually used for reinforcing large glulam arches and girders against tension 

perpendicular to grain stresses have been considered as candidates for innovative connection systems due 

to their high withdrawal resistance. Some new Japanese innovative connection systems have been 

successfully using a similar type of fastener called “Large Screws” in their connection systems in timber. 

Table 1 shows a summary of the tests carried out and the following provides details on the testing 

programs conducted on the two types of fasteners. 

 

Table 1 Summarised description of the connection test programs  
 

Connection System Material Type of building Utilisation 

Hilti powder-driven 

nails 

LVL, and 

Glulam on 

flat 

Hybrid construction Steel open web joist topped with wood 

based panels 

SFS Intec Wood bars 

(WB) 
Glulam 

Post and beam Connections for metallic plates for Post-

to-post and post-to-beam connections 

 

 

5.5.1 Evaluation of the lateral resistance of Hilti gun powder-driven nails in hybrid timber 
assemblies 

The following sections summarise the work done on powder-driven nails from Hilti Corporation. This 

type of fastener can be effectively used to in hybrid timber and steel floor and roof diaphragms.  

 

5.5.1.1 Background 

Use of metal fasteners in timber construction is quite common. Typically, a combination of metal dowels 

or bolts and metal plates are used for fastening heavy wood components together. On or off site 

predrilling of both wood and metal plates, however, is always required with such traditional fastening 

systems to enable the assembly of timber elements using such systems. Other types of connectors such as 

timber rivets require, at a minimum, drilling in the metal plates prior to the fastener installation. Designers 

are continually searching for simple and efficient fastening systems that allow for a quick assembly of 

timber components and that also posses other key attributes such as structural efficiency, availability and 

cost-effectiveness. 

 

Hybrid building concepts are currently gaining a lot of momentum within the timber construction 

industry. One particular application, that is attracting considerable attention due to its big potential, is the 

use of a new generation of thick wood-based panels such as LVL, glulam, OSL, PSL and CLT in hybrid 

floor and roof applications. Wood-based panels can be effectively used as decking to replace typical 

concrete decking in commercial and mid and high-rise buildings.   

 

One of the most challenging issues related to the design and construction of hybrid timber assemblies in 

particular, is how to quickly and efficiently fasten the timber components to the steel or concrete 

supporting elements. However, traditional fastening systems such as dowels and bolts require predrilling 

which slows down the assembly process. Recently, new generations of fastening systems in timber such 

as self-tapping screws and self-drilling dowels with a fast and precise installation process have been 

introduced to the timber construction industry. Some manufacturers produce self-tapping screws that can 

drill through both wood and steel up to a maximum thickness of 6 mm.  
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Hilti Corp. developed a special hardened nail that can be used to fasten thick wood components to steel 

plates. These nails are driven into the metal plates without pre-drilling. The nails are driven through the 

wood and steel using a special gun that utilizes gun powder. This is a typical type of fastener used to 

fasten steel deck to the flange of open web steel joists, and is commonly used for floor and roof 

applications in commercial buildings. Once the nail is driven through the steel, the nail tip gets 

locked/welded into the steel receiving element (e.g. joist flange), providing high lateral (shear) and pull 

out resistance (Hilti Corp., 2010). The gun powder-driven nails have been studied for use in round-timber 

to steel plate connections for special projects in the US. It was found that such slender fasteners provide 

considerable ductility (Shim, 2004; Wolfe et al., 2003). 

 

An experimental investigation (Engelhardt et al., 1998) revealed that the use of gun powder actuated 

fasteners do not generate detrimental effects for steel roof deck to open-web steel joist top chords 

connection. Another study indicated that there was no evidence of micro-crack initialisation in the 

vicinity of the driven nail which suggests a convenient utilisation in zones where dynamic loads could act 

on the structures (Beck, 1999).  

 

Based on this available information, project leaders decided to explore the use of this type of nail in 

hybrid floor systems composed by open-web steel joists with LVL and Glulam panels (Gagnon et al., 

2008). To better understand the structural behaviour of this connection system, a series of tests were 

conducted on single shear LVL-Steel-LVL and Glulam-Steel-Glulam joint specimens. To evaluate the 

lateral resistance in the direction parallel and perpendicular to the longitudinal panel axis. Different 

performance parameters were determined from the test data and comparisons were made between the 

different configurations. Observations on the failure modes were recorded in order to identify the rupture 

mechanisms associated with this type of fastener.  

 

 
 

Figure 7 Hilti gun power-driven nails used for fastening wood-based panels to steel 
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Figure 8 Typical hybrid floor with wood-based panel fastened to the top flange of an open 

web steel joist 
 

 

 
 

Figure 9 Fastening LVL decking to open-web steel joist using Hilti gun powder-driven nails 

in a typical hybrid floor system  
 

 

5.5.1.2 Test Methods 

Four series of connections were tested using a set-up installed in a test machine. Specimens were 

fabricated using Glulam or Cross ply LVL. Mild steel plates of 6 mm thick similar to typical flanges used 

in making open web steel joists were used. The wood specimens were fastened to the metal plates using 

Hilti gun powder-driven nails. The nails were driven using a special gun provided by the manufacturer. 

Instructions as provided by the manufacturers were followed to ensure a proper installation of the 

fasteners (see Figure 10). Two loading directions (parallel and perpendicular to the longitudinal 

member/panel axis) were considered to carry out the tests. 
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Table 2 Testing program  
 

Wood based material Loading direction No. of Nails No. of replicates 

Glulam 
Parallel 

2 
10 

Perpendicular 10 

Cross ply LVL 
Parallel 

2 
10 

Perpendicular 10 

 

 

    
 

Figure 10 Assembly of the test specimens 
 

 

Nails used in the tests were 57 mm in length and 4 mm in diameter, designated as “X-U 57 MX” by Hilti 

Corp. (Figure 7). Ten replicates per connection configuration were tested at a speed of testing of 2.5 

mm/min and a data acquisition frequency of 2 Hz.  

 

Figure 11 shows the geometric configuration of the connections and a schematic of the two test set-ups 

used for the tests. As illustrated in Figure 11, each specimen has 2 wood-based members sandwiching a 

steel plate. Two Hilti nails were driven (one from each side) through the wood-based member and the 

steel plate. Nail spacings were selected in such a way so as to ensure no interference between the 2 nails 

driven from the opposite sides. To avoid any potential interaction between the nail tip in the opposite 

wood member in a particular test assembly, a hole was drilled in the opposite member. Therefore, a single 

shear arrangement per nail is engaged in this case. Test assemblies tested in the direction parallel to wood 

grain, were loaded in tension while those tested perpendicular to grain were loaded in compression like a 

simply supported beam (Figure 11) 
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Figure 11 Specimen’s dimensions (a) Parallel loading, and (b) Perpendicular loading 
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5.5.1.3 Analysis Approach 

From load- deformation curves, performance parameters such as maximum load, deformation at 

maximum load, yield load and yield deformation, dissipation energy, elastic stiffness, and ductility ratio, 

were determined for comparison purposes (see Figure 12).  

 

The yield point was calculated for all load-displacement curves using the Yasumura and Kawai method 

(Yasumura and Kawai, 1998). In this method, initial stiffness is calculated between 10% and 40% of the 

peak load. A straight line between 40% and 90% of the peak load is determined and a straight line tangent 

to the load–displacement curve and parallel to the 40% and 90% secant line is determined. This last line 

represents the immediate post-elastic zone before reaching the peak load. The point of intersection 

between the initial stiffness with this new tangent is projected horizontally on the load–displacement 

curve to obtain the yield point load and displacement (Figure 12). 
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Figure 12 Left:  Load-deformation curve parameters - Right:  Yasumura and Kawai yield 

point determination method 
 

 

5.5.1.4 Results 

5.5.1.4.1 Connection Performance Parameters  

Figure 13 shows typical load-deformation graphs of the tested connection configurations in LVL and 

glulam. As can be observed in the graphs below, almost all connection configurations exhibited a high 

level of ductility associated with a combination of yielding of the nails and crushing of wood members. 

There is also clear evidence of an axial tensioning effect developed due to the anchoring of the nail head 

and tip and yielding of the nails. The effect of axial tension is characterized by a slight increase in the 

load carrying capacity after reaching a plateau in the load-deformation curve. In some cases the yield 

point was found to be below 40% of the maximum capacity recorded from tests. This different curve 

shape leads to errors when determining the yield point and to underestimate the real initial stiffness as 

well as the ductility of the assembly. To improve the precision in obtaining these important connection 

parameters a special treatment of the raw data was conducted for these three series.  
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Figure 13 Typical load vs. deformation curves for Glulam (left) and LVL (right) 
 

 

5.5.1.4.2 Axial Tensioning Effect 

An example of a typical analysis approach adopted to characterize the load-deformation curves and 

examine the effect of the axial tensioning effect is shown in Figure 14. Three regions are clearly defined 

which includes; the maximum load (Pmax) prior to the engagement of the axial tensioning effect (pseudo-

plateau zone), stiffness increase associated with axial tensioning and, finally, the ultimate load (Pult). The 

“pseudo-plateau” is defined where the stiffness/slope on the load-deformation curve reaches its lowest 

value before going up again as a result of the axial tensioning effects. Typically, the ultimate capacity 

without axial tensioning effect will occur in the “pseudo plateau” zone for ductile fasteners. The increase 

in the ultimate capacity of the connection beyond that zone is associated with axial tensioning effect, 

which could be quite significant in some cases, depending on the fastener slenderness ratio, connection 

geometry and ductility.  

 

 
 

Figure 14 An example of how to characterize the axial tensioning effect from the load-

deformation curves 
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To be able to determine the yield point (Py and y) without engaging the residual effect of axial 

tensioning, only the first part of the load-deformation curve was considered (i.e. zero up to Pmax). As 

described above, the yield point was determined using the Yasumura and Kawai approach, with the initial 

stiffness (K0-40) of the connection taken as the slope between 0 and 40% of the Pult. The ductility ratio ( ) 

was determined using the ratio ult/ y. The other parameters were determined using the total load-

deformation curve. 

 

Tables 3 and 4 provide a summary of the various parameters calculated from the load-deformation curves 

of all test specimens made with Glulam or cross ply LVL. The results indicate that the highest maximum 

capacities (Pult) were reached by connections that were loaded perpendicular to the panel axis direction. 

No significant differences in deformation at ultimate capacity ( ult) were found among the various 

configurations. 

 

 

Table 3 Connection parameters from Glulam tests 
 

Parameter Units Glulam PER Glulam PAR 
Pult kN 20.5 (5) 14.5 (10) 

ult mm 17 (15) 18 (16) 

Py kN 8.9 (8) 5.7 (13) 

y mm 2.7 (24) 0.9 (24) 

K0-40 kN/mm 4.0 (26) 10.5 (23) 

wult kN*mm 244 (18) 182 (23) 

ult ult / y 6 20 
Number in parenthesis indicates the Coefficient of Variation (%) 

 

 

Table 4 Connection parameters from LVL tests 
 

Parameter Units LVL PER LVL PAR 
Pult kN 20.6 (6) 17.6 (8) 

ult mm 18 (3) 17 (17) 

Py kN 7.7 (11) 4.2 (32) 

y mm 0.9 (38) 0.8 (76) 

K0-40 kN/mm 17.9 (58) 8.8 (35) 

Wult kN*mm 267 (8) 218 (17) 

max ult / y 20 21 
Number in parenthesis indicates the Coefficient of Variation (%) 

 

 

Ratios of Py/Pult varied between 0.24 and 0.43 indicating that the nail yielding occurred inside the normal 

range typically used for initial stiffness calculations (0 to 40% of the Pult). This last information supports 

the rationale adopted to differentiate the curves that exhibited axial tensioning effect from those that did 

not. In comparing the two groups of specimens fabricated with glulam and tested in different direction 

(i.e. PAR or PER), it was found that the initial stiffness of Glulam PAR connections was significantly 

higher than those obtained with Glulam PER. The opposite was observed for LVL groups. Dissipation 

energy (wult), measured up to Pult, was found to be 25% and 18% lower in connection groups tested in the 

direction parallel to grain for Glulam and LVL specimens, respectively. 
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Generally, all connection configurations can be classified as highly ductile assemblies according to Smith 

et al. (2006), which proposes a classification system for connections based on their ductility ratio. This 

last statement is also applicable to Glulam connections loaded in the direction perpendicular to grain 

which exhibited the lowest ductility among all other groups tested. The ductility ratio of Glulam PER 

specimens was found to be considerably lower than other connection configurations. Such difference 

could be attributed to the fact that no separation of the load-deformation curve was done for this 

configuration as it did not show evident axial tensioning effect. For the other cases (i.e. Glulam PAR, 

LVL PER and LVL PAR) for which the curve separation was applied, the utilisation of the Yasumura & 

Kawai method to determine the yield point influenced the ductility ratio calculations. 

 

5.5.1.4.3 Failure Modes 

As shown in Figure 15, the dominant failure mode observed corresponds to the development of a double 

hinge in the nails due to the high slenderness ratio of the nails combined with locking of both the head 

and the tip in the thick wood members and the steel plate, respectively. This was evident in all 

configurations tested with both Glulam and Cross ply LVL. 

 

    
Glulam PER  Glulam PAR  LVL PER  LVL PAR 

 

Figure 15 Typical failure modes observed during the tests  
 

 

The anchoring effect of the nail tips and the embedment of the head into the wood component developed 

the axial tensioning zone. Due to the relatively low embedment strength of the wood-based materials used 

for testing, the nails remained straight with no plastic hinges developed within the nail shank section 

embedded in the wood side member. Therefore, the nail shank remained straight within the wood-based 

material until failure. The embedment of the nails generated significant deformation in the wood based 

members, especially in the Cross ply LVL components. Certain specimens in the Glulam PER test group 

did not exhibit clear evidence of an axial tensioning effect as they mainly failed in a relatively, brittle 

manner due to splitting of the wood based member. However, such splitting occurred after significant 

crushing of the wood occurred. In a few specimens tested with LVL in the direction parallel to grain, 

failure was associated ultimately with nail withdrawal from the steel plate. In some cases, shearing of 

nails was evident (Figure 15 – LVL PAR). 

 

5.5.1.4.4 Axial Tensioning Effect 

In order to further examine the axial tensioning effect observed in almost all tested specimens, 

comparisons were made between the various tested groups that exhibited these phenomena. In this case, 

four ratios were determined in an attempt to verify the effect that axial tensioning effect has on the 

various parameters that characterize the connection behaviour. To do so, Pult/Pmax, wult/wmax, ult/ max, and 

K0-40/KA-T for all groups were compared. K0-40/KA-T represents the ratio between the initial stiffness and 
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the maximum stiffness reached within the axial tensioning zone (KA-T). A summary of the comparison 

results is given in Table 5.  

 

From Table 5, the most relevant information is that, overall, the axial tensioning effect led to an increase 

in the ultimate capacity by at least 30% compared to the normal maximum capacity of a nail. This is 

mainly due to the effect of anchoring/welding mechanisms between the fastener and the steel component, 

which resisted the withdrawal of the nail from the steel plate. 

 

The high level of deformation ratio ( ult/ max) indicates that it is possible to reach close to twice the slip at 

normal bearing capacity without the axial tensioning effect. For LVL PAR test group, the deformation at 

ultimate load was found to be five times as much as that corresponding to the maximum load without the 

axial tensioning effect. A similar trend was noted for the dissipation energy ratio, where specimens in 

Glulam PAR and LVL PER groups exhibited values that are double and triple of those if axial tensioning 

effect is not accounted for. The stiffness ratio (K0-40/KA-T) provides information on the relative increase in 

the stiffness post maximum load due to the axial tensioning effect. Judging from the values given in Table 

5, LVL PAR specimens attained the highest value of stiffness in the axial tensioning zone before reaching 

the ultimate capacity plateau. The highest value of stiffness was found to be located in a zone ranging 

from 1.2 to 1.3 times the Pmax. 

 

Table 5 Ratios of the various parameters in relation to Axial Tensioning effect 
 

Ratio Glulam PAR LVL PER LVL PAR 

Pult/Pmax 1.5 (13) 1.3 (9) 2.0 (25) 

ult/ max 2.5 (48) 1.8 (22) 5.0 (33) 

wult/wmax 3.6 (53) 2.2 (30) 10.6 (53) 

K0-40/KA-T 43 (31) 59 (60) 15 (44) 
Number in parenthesis indicates the Coefficient of Variation (%) 

 

 

It is quite important to capitalize on the residual strength and stiffness associated with the axial tensioning 

effect for this type of fastener. This is critical for certain design applications (e.g. seismic design) where it 

is preferred to have strong and ductile connection systems that are able to dissipate energy without sudden 

failure. More research is needed to evaluate the lateral resistance and stiffness of those fasteners in other 

types of engineered wood products such as CLT, OSL and PSL.  

 

5.5.1.5 Conclusions 

Tests on connections made of Glulam or Cross ply LVL in conjunction with metal plates, and fastened 

with gun powder-driven nails were conducted. Loading directions were either parallel or perpendicular to 

the wood-based material’s grain. The following conclusions can be made following the analysis of test 

results  

 Glulam and Cross ply LVL connections made with gun powder-driven nails exhibited high ductility. 

All the configurations reached ductility ratios that would classify the systems as being “highly 

ductile”. 

 The dominant failure mode observed for most of specimens in all groups were crushing of wood 

based side member and yielding of the nails. Hinges were formed in the nails at the interface of the 

steel plate as a result of the anchoring effect of both the nail head and tip. Secondary failure modes 

were also observed in the nails, where some nails sheared off at the interface with the metal plate. In 

other cases, signs of splitting were also observed in Glulam tested in the direction perpendicular to 

grain but that occurred after significant crushing of the wood occurred. In some limited case, 
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withdrawal of the nails from the plate due to lack of proper anchorage occurred. The axial tensioning 

effect was quite evident in Glulam tested in the direction parallel to grain and in Cross ply LVL (two 

orientations)  

 The ratios Pult/Pmax for all configurations indicate that additional capacity could be achieved due to the 

axial tensioning effect (increase of at least 30%). Similar increases in displacement at maximum 

capacity, energy dissipated, and stiffness were observed.  

 

5.5.2 Withdrawal tests with SFS Intec Wood Bar (WB) 

A second exploratory study was conducted to evaluate the withdrawal resistance of a special type of 

fastener manufactured by SFSIntec called Wood Bar (WB) with the objective of using this type of 

fastener to develop innovative connection systems in timber. The WB fastener is simply a coarsely 

threaded rod produced in different diameters depending on the application. The fastener relies on the high 

withdrawal capacity and is used mainly for reinforcing applications of glulam arches or large beams with 

holes and notches (see Figure 16). Typically, a predrilled hole, smaller than the rod shank diameter, is 

required to install the rod in wood-based products. The size of the predrilled hole depends often on the 

density of the wood based materials in which the rod will be driven. The WB fastener is equipped with a 

special socket that can be screwed in the rod and be fitted to a conventional electric or pneumatic drill.  

 

 
 

Figure 16 Reinforcing applications of WB fastener 
 

 

For the purpose of this study, a test matrix was created to carry out the tests and generate the data for the 

structural performances analysis. The methodology used is presented in the following section. 

 

5.5.2.1 Materials and Methods 

A testing program was developed to evaluate the withdrawal resistance of this type of WP fastener in 

glulam (see Table 6). The diameter of the WB used in the tests was 20 mm. The installation of the WB 

fasteners was done in accordance with the manufacturer instructions, i.e. by predrilling a 15 mm pilot 

hole in the glulam member to allow for the installation of the WB in the hole. Driving of the WB in the 

wood was done using a pneumatic drill equipped with a special socket supplied by the manufacturer. The 

process of installing the WB fastener in glulam is shown in Figure 17.  

 

Two types of glulam materials were used in this study, 86x190 mm Nordic Lam proprietary glulam which 

is mainly made of Black Spruce, while the other type was conventional 80x190 mm Douglas-fir glulam. 

The WB fastener was driven either in the end grain or in the side grain of the glulam specimens. Different 

lengths of penetrations were used to be able to establish a correlation between the length of penetration 
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and the withdrawal resistance (Table 6). Due to the lack of materials, three replicates were used per each 

length of penetration.  

 

  
 

Figure 17 Installation of a WB fastener 
 

 

Special test set-ups were developed to carry out the withdrawal resistance tests as can be seen in Figure 

18 below. Withdrawal load was applied through a universal testing machine with a cross head movement 

of 0.5 mm/min. Data acquisition frequency was kept at 5 Hz throughout the test. The specific gravity and 

the moisture content of the tested specimens were also measured. As shown in Figure 18, a single LVDT 

was installed between the cross-head and the machine fixed base to measure the actual withdrawal 

displacement. It was assumed that no significant wood compression happened under the supports. Testing 

was conducted within hours of WB fastener installation. The WB was axially loaded through a special 

universal joint designed to hold the WB fastener in place and allow for self alignment.  

 

Table 6 Test matrix for WB fastener 
 

Glulam type Thickness (mm) WB installation  Penetration (mm) Replicates 

Nordic Lam 86 

End grain 

50 3 

100 3 

200 3 

300 3 

400 3 

Side grain 

50 3 

100 3 

150 3 

Douglas-fir 

glulam 
80 

End grain 

50 3 

100 3 

200 3 

300 3 

400 3 

Side grain 

50 3 

100 3 

150 3 
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Figure 18 Test setups for parallel (left) and perpendicular (right) WB withdrawal tests  
 

 

5.5.2.2 Results and Discussion 

The average results of maximum capacities per configuration are summarized in Figure 19. Generally, 

high withdrawal resistance can be achieved even with moderate depths of penetration (i.e. 200 mm), 

regardless of the type of glulam tested or if the WB is driven in the end or side grain. As can be seen in 

Figure 19, the withdrawal resistance increases with the penetration depth, for both loading directions (i.e. 

end and side grain). This is not surprising as the WB fastener is considered to behave like a large screw.  

 

The WB bars were reused for all the tests as no signs of damage or thread dulling was observed. Such 

information suggests that the fastener could effectively be re-used in applications where deconstruction or 

adaptability processes are required during or at the end of the service life of the fastener. . 

 

Generally, when comparing the average withdrawal resistance of the WB fasteners in the two glulam 

species, (Figure 19) the withdrawal resistance of the WB fastener in the end grain of Douglas-fir glulam 

was higher than that of the Nordic glulam. The Nordic glulam reached on average 75% of the withdrawal 

resistance of Douglas-fir for the same length of penetration of WB fastener in the glulam member. For 
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WB fasteners driven in the side grain of the glulam members, the difference was marginal, with Nordic 

glulam reaching on average 94% of the withdrawal resistance of WB in Douglas-fir.  

 

Moisture contents were on average 10.6% and 11.2% for Nordic glulam and Douglas-fir specimens, 

respectively. Specific gravity, based on ovendry mass and volume, was on average 0.50 and 0.55 for 

Nordic glulam and Douglas-fir specimens, respectively. Coefficient of variation for the specific gravity 

was within 5% for both types of wood. 

 

 
 

Figure 19 Average withdrawal resistances as a function of the length of penetration  
 

 

5.5.2.2.1 Failure Modes 

The most dominant failure modes observed in the tests with WB driven in the end grain was associated 

with shearing in the wood at the interface with the WB exterior threads. No block failure of wood in the 

region around the WB fastener was observed (this failure mode has been reported in other studies that 

involved glued-in rods). (Figure 20, left). When the WB fastener is driven in the side grain of the glulam 

members, the failure mode was mostly a combination of shear failure at the interface of the WB fastener 

and localized splitting and breakage of wood fibres (brush type) adjacent to the WB shank and 

particularly, near the surface (Figure 20, right). Despite the glulam thicknesses used for the testing 

program, 80 and 86 mm for Douglas-fir and Nordic respectively, no splitting failure across the members’ 

thickness due to the limited thickness of the members was observed. Nonetheless, deeper penetrations 

could trigger this type of failure. 

 

While the limited results are quite promising in terms of potential use of this fastener for developing 

innovative fastening systems in timber, it is necessary to conduct more tests and use a relatively large 

number of replicates to be able to arrive at conclusive conclusions. Moreover, there is a need to 

investigate other important parameters that could affect the pull-out resistance such as the diameter of the 

WB fastener and spacings of the WB fastener in the case of multiple fasteners as this might alter the 

failure mode and affect the overall pull-out resistance.  
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More testing is certainly also required to be able to establish appropriate correlation between the 

withdrawal resistance and the length of penetration in both the side and end grain of glulam and 

potentially other types of engineered wood products such as CLT. This is considered to be an exploratory 

study to verify the feasibility of using this type of fastener in glulam members and to establish some 

understanding on the withdrawal resistance and failure modes associated with this type of fastener in 

wood-based products.  

 

   
 

Figure 20 Failure modes for parallel (left) and perpendicular withdrawal (right) 
 

 

5.6 Evaluation of Connections in Glulam Diaphragm 

A pilot study was conducted in relation to the performance of connections in glulam used as decking (on 

flat) for mid-rise and commercial buildings. Glulam on flat was used as the decking material in all floors 

of the 6-storey CSN Fondaction building in Québec City. There was a need to evaluate the connections to 

enable an efficient design of the diaphragm action of the glulam decking. Therefore, a testing program 

was launched to evaluate two types of connections between glulam panels in a typical diaphragm 

decking: 

 

 Power-driven nails (60 mm [2-3/8”] and 102 mm [4”]) long. 

 Metal shear keys to transfer high shear forces. 

 

In a typical nailed test specimen, nails were driven at different angles to the panel face at the connection 

line. The 60 mm nails were driven at 45° while the 102 mm nails were driven at 55°. An OSB spline was 

used as an insert in profiled panel edges. Nails were driven through both the panel and the OSB spline. In 

other specimens, 2 steel shear keys were used per specimen (one shear key on each side at a 305-mm 

offset). No nails were used to connect the OSB spline to the wood panels. A full report that summarizes 

materials used, specimen configurations and test results can be found in Appendix V. 

 

5.7 Connections in cross-laminated timber buildings – Chapter 5, CLT Handbook 

The light weight of Cross Laminated Timber (CLT) products combined with the high level of 

prefabrication involved, in addition to the need to provide wood-based alternative products and systems to 

steel and concrete, have significantly contributed to the development of CLT products and systems, 

especially in mid-rise buildings (5-9 storeys). While this product is well-established in Europe, work on 

the implementation of CLT products and systems have just begun in Canada and the US. It is well-known 
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that the structural efficiency of the floor system acting as a diaphragm and that of walls in resisting lateral 

loads depends on the efficiency of the fastening systems and connection details used to interconnect 

individual panels and assemblies together. Long self-tapping screws alone or combined with metal 

brackets are typically recommended by the CLT manufacturers and are commonly used for connecting 

panels to other panels in floors and floor-to-wall assemblies (Figure 21). However, there are other types 

of traditional and innovative fasteners and fastening systems that can be used in CLT assemblies.  

 

 
 

Figure 21 CLT floor panels assembled with self-tapping screws 
 

 

To provide designers with fundamental information on the various connections systems that can be used 

in CLT assemblies and provide guidance for design, a technical report that was drafted and later, included 

as Chapter 5 in the CLT Handbook which was published recently by FPInnovations under the 

Transformative Technology Program (Figure 22). The technical report focuses on a few connector 

systems that reflect present-day practices; some are conventional, while others are proprietary in nature. 

Given the recent introduction of CLT into the construction market, it is expected that new connection 

types will be developed in time. Issues associated with connection design specific to CLT assemblies are 

presented in the report. The European design approach is also described and the applicability of CSA 

O86-09 design provisions for traditional fasteners in CLT such as bolts, dowels, nails and wood screws 

are reviewed and design guidelines are provided. The technical report was peer reviewed by experts from 

Canada and overseas.  

 

The information given in this report is aimed at Canadian designers, a group which has expressed a strong 

interest in specifying CLT products for non-residential and multi-storey applications. However, further 

studies are needed to assist designers in the development of Canadian engineering design specifications 

and procedures consistent with Canadian material design standards and the National Building Code of 

Canada. The technical information will also be used to facilitate code acceptance of CLT products in 

North America. The full report can be found in Appendix VI.  

 



Effective Connection Systems in Timber Assemblies – TT.1.05 201002773 

 

 

  FPInnovations. All rights reserved. 
®  FPInnovations, its marks and logos are registered trademarks of FPInnovations. 

27 of 40 

 

                                 
 

Figure 22 FPInnovations CLT handbook which includes one chapter on CLT connections 
 

 

5.8 Development of innovative CLT connection system concepts/prototypes 

In an attempt to go beyond the limitations associated with the assembly and performance of conventional 

connection systems in CLT and to take advantage of the CNC technology, the research team decided to 

explore alternative connection systems in CLT that consider several criterions including, high capacity, 

ease of fabrication, installation, and dismantling. 

 

5.8.1  Conception of the prototypes 

In total, five design concepts were developed under this project (Figure 23). Prototypes were built to 

examine certain attributes of the proposed connection systems. Almost all concepts developed incorporate 

the use of innovative types of fasteners such as Wood Bars (WB) from SFSIntec or self-drilling dowels 

that are capable of drilling through relatively thin metal plates and wood in the same process. The 

underpinning concept evolves around reducing the onsite assembly to steel to steel connections through 

bolts and nuts, while relying on in-plant CNC profiling and installation of the major metal components of 

the connection systems.  

 

One of the key advantages of reducing the connection in CLT to steel to steel connection is the ease at 

which the connection can be assembled on site and the ability to control the ductility of the connection by 

simply changing the number or grade of steel bolts used to assemble the various metal hardware together 

onsite. The use of CNC technologies also facilitate a good accuracy and precision level that avoids slack 

and undesirable misalignment which will further facilitate assembly and potentially improve structural 

performance. Concept 1 in particular, capitalizes on the high bearing capacity of wood to resist high uplift 

forces due to wind or seismic loads (Figure 24). This could be used as alternative systems to typical hold 

downs commonly used in wood-based shearwall systems, including CLT walls, except that they are 

hidden inside the wall. Concerns have been raised over exposed hold downs in CLT shearwalls due to 

their poor aesthetics and fire resistance.   
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Prototype 1   Prototype 2   Prototype 3 

 

  
Prototype 4   Prototype 5 

 

Figure 23 Concepts for alternative connection systems for CLT 
 

 

The proposed connection systems could be used for various applications, ranging from wall to wall, wall 

to floor or even concrete foundation to wall connections. The proposed design concepts could be used 

alone as the principle connection systems or in combination with other types of fasteners (e.g. wood 

screws, self-tapping screws, metal plates or brackets, etc.) in order to enhance their uplift or shear 

resistance for particular cases that incorporates high service loads. 

 

The next step in the development process of those design concepts is to develop a testing program aimed 

at evaluating the structural performances of the various prototypes in order to compare not only the 

structural efficiency, but also other attributes such as ease of fabrication, installation and cost 

effectiveness. 
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Figure 24 Prototype for Concept 1 connection system for CLT 

 
 

   
 

Figure 25 Internal details of connections in Prototype 5 Specimen  
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5.9 Feasibility study on the use of nano-particles for reinforcing timber 
connections and enhancing the mechanical properties of wood 

This study was launched with the intent of exploring the potential for use of nanotechnology treatments to 

reinforce wood-based products in the vicinity of connections. Ultimately, this information could also be 

used for other applications that require enhancement of the mechanical properties of wood-based products 

such as sill plates in mid-rise construction. Several exploratory tests were conducted during a 12-months 

period aimed at investigating the various process parameters. Bolted connection tests in addition to 

compression perpendicular to grain tests were conducted. Preliminary results showed that treatment of 

wood using nanotechnology could significantly improve not only the connection performance, but also 

basic mechanical properties such as compressive strength and stiffness in the direction perpendicular to 

grain. The following provides more details on the study. 

 

5.9.1 Preliminary test results of connector performance and perpendicular compression 
properties 

Preliminary tests were carried out with wood members treated with typical vacuum/pressure process and a 

formulation without nanoparticles. The connection performance and perpendicular to grain compressive 

strength and stiffness properties were evaluated. The test setup for connection tests is shown in Figure 

26a, where three members (i.e. wood-wood-wood) connection assemblies using a single bolt were used. 

Control connection assemblies without treatment were also tested for benchmarking. Figure 26b shows a 

sample of the deformed bolt hole underneath the main wood member at failure. Considerable hole 

elongation can be observed in the control (Figure 26b) compared to that observed for treated wood 

(Figure 26c). 

 

Bolt

Side 

members

Main 

member

P

    
a)     b)     c) 

 

Figure 26 Centre member deformation of the connector after test (a) Connection test setup, 

(b) control sample, (c) treated sample 
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Figure 27 shows the load–deformation curves obtained from the connection tests. The maximum 

capacities were in average 18.6 kN and 29.4 kN for the control and treated specimens, respectively. 

Significant increase in the maximum capacity of treated specimens compared to the control is evident and 

was on average 63% greater. This is quite interesting as it seems that treatment has enhanced the 

embedment properties of the wood members in such applications. Moreover, treated connections seem to 

be a lot stiffer compared to non-treated ones. So, the treatment not only increased the maximum capacity, 

but also produced stiffer connections. This has some good design implications.  

 

 
 

Figure 27 Maximum capacities of treated samples with traditional process with net resin 

formulation 
 

 

 
 

Figure 28 Preliminary perpendicular to grain compressive strength test results  
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As for tests to evaluate compression strength and stiffness in the direction perpendicular to grain, load-

deformation curves from typical ASTM D143 on treated and untreated wood connection members can be 

seen in Figure 28 above. Since the compressive strength in the direction perpendicular to grain is taken as 

the load at a certain deformation, the benchmark load at 2.0 mm has been adopted for this study.  

 

Clearly, when comparing the load-deformation curves for treated vs. untreated wood specimens, it is 

evident that treatment has considerably enhanced both the compressive strength and stiffness. The 

compressive strength values at 2.0 mm for treated specimens were between 53% and 71% higher than for 

the control specimens. It is interesting to note that treatment of wood in samples used for tests # 1 and # 2 

were not made with nanoparticles, rather, were simply impregnated with resin with a traditional 15 min 

vacuum process followed by a 15 min pressure process. It should be remembered, however, that those are 

preliminary tests and no concrete conclusions can be made at this stage without further confirmation 

testing.   

 

5.9.2 Effect of treatment process parameters  

In the preliminary test, the connector members were oven-dried for 24 hours at 103
o
C and the 

impregnation parameters were kept at 15 min vacuum process followed by 15 min pressure process. The 

results showed considerable improvement. Such enhancement in properties is associated, in particular, 

with the high chemical retention (CR) with an average of 32.2% (maximum CR is 62.2%) of the oven-

dried wood impregnated with the traditional process.  

 

Considering the practicality and the simplicity of the treatment process, some work was conducted on the 

optimization of the treatment process which covered the evaluation of the various process parameters to 

treat the wood members without oven drying. The process parameters studied included vacuum time and 

vacuum with or without pressure process. Typically, the CR of non-oven dried wood members was found 

to be much lower than the samples oven dried prior to treatment. While the connection behaviour and the 

compression perpendicular to the grain properties of treated samples were improved compared to control 

samples, such improvement was found to be lower than oven-dried wood members treated with 

traditional vacuum/pressure process. Detailed experiment and results can be found in Appendix IV. 

 

5.9.3 Alternative wood connection members treatment with different nanoparticles/resin 
formulations 

Effect of the type of nanoparticles (nanoclay and nanocrystalline cellulose [NCC]) in the formulation used 

for treating non-oven dried wood connection members was investigated. The results of lateral resistance 

of connections from tests show a significant improvement of 46% while the initial stiffness of the 

connection increased by 37.4%. Figure 29 shows the lateral resistance for specimens with different 

nanoparticles treatment. The use of NCC and nanoclay led to an increase in the peak load; however, the 

nanoclay showed higher improvement than NCC treated connection members. Detailed experiment and 

results can be found in Appendix VII. 
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Figure 29 Lateral resistance of connections with different nanoparticles 
 

5.9.4 Conclusions and recommandations 

Preliminary results from this exploratory study using impregnation and nanotechnology to enhance the 

embedment and compression perpendicular to grain properties of wood showed promising results. Wood 

connection members made of black spruce solid lumber and impregnated with chemicals alone (i.e. 

without nanoparticles) were tested. Considerable improvements in the connection ultimate capacity (58% 

improvement) and in the compression perpendicular to grain strength (65% improvement) were observed.  

 

Use of NCC and nanoclay is expected to further enhance the mechanical properties of wood and wood 

connections. The preliminary results indicate that there is good potential for use of this technology, 

especially if a combination of chemical impregnation and nanotechnology is adopted.  

 

More research work, however, is needed to further investigate the effect of the various process parameters 

and explore the potential application of this technology. Specific recommendations for future work are 

listed below: 

 

• Different connection systems will be impregnated with formulations containing nanoparticles. 

• Optimization of chemical formulations and development of an industrially-viable treatment 

process.  

• Chemical penetration and density distribution will be evaluated by an X-Ray density profile 

meter.  

• CT scanner and Confocal Laser Scanning Microscopy (CLSM) will be used to evaluate the 

structure of impregnated connection system.  

 

Connection performance, compression perpendicular to grain resistance and durability of wooden 

components will be investigated for alternative applications (e.g. sill plates for mid-rise construction).  

 

5.10 Contribution to special publication on tall heavy timber buildings (IABSE) 

FPInnovations staff has been invited to contribute to a special publication for the International 

Association for Bridge and Structural Engineering (IABSE) on heavy timber constructions. The special 
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edition is meant to promote the use of timber in tall buildings among structural engineers who know little 

about use of timber in mid-rise buildings. One chapter (Chapter 5) on heavy post and beam mid-rise 

timber buildings has been drafted by the authors of this report and is being reviewed by the editor. The 

draft chapter provides specific information on the evolution of heavy timber construction over time and 

outlines key performance issues (i.e. structural, connections, fire, code issues, etc.).  

 

5.11 Technical seminars 

Several technical seminars, targeting designers and engineers, were organized in different Canadian cities 

as part of the activities conducted under this project. The objective of the seminars was to present state-of-

the-art technical information on recent developments on timber connection systems, specifically for mid-

rise wood and hybrid construction. The following provides a brief summary of key seminars that were 

held during the last 5 years of the project, where project leaders helped in the organization or where they 

were invited to speak.   

 

5.11.1 Seminar on Connections for Multi-storey Heavy Timber Constructions – October 23, 2009, 
Québec City  

Project leaders organized a one-day seminar aiming at providing engineers and designers with state-of-

the-art information on innovative timber connection systems developed in Japan, New Zealand and 

elsewhere. Over 75 engineers, architects, wood-based products manufacturers and associations and 

representatives from Québec and federal governments were present. Research findings and design 

concepts were presented. Speakers from FPInnovations, New Zealand and Japan spoke at the seminar.   

 

 
 

Figure 30  Drs Pierre Quenneville (left) and Kohei Komatsu (right) at the timber 

connections seminar organized in Québec City 
 

 

Detailed information on recent research on heavy timber connections in New Zealand and Australia was 

presented by Dr. Pierre Quenneville, Professor of Timber Engineering at Auckland University, NZ. Dr. 

Quenneville also provided an overview of the recent revisions to design provisions of bolts and dowels in 

the Canadian Timber Design Standard (CSA O86-09). Design examples were also given to help designers 
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familiarize themselves with these new design provisions. Professor Kohei Komatsu of the Research 

Institute of Sustainable Humanosphere – Kyoto University – Japan spoke about new concepts and design 

issues of innovative connection systems in Japan. The seminar was well received by participants. The 

paper invitation is shown in Appendix VIII. 

 

5.11.2 FPInnovations’ seminar for the Régie du bâtiment du Québec (RBQ) on mid-rise 
construction  

A workshop/seminar was organized by FPInnovations in Québec City on June 11, 2009 for the Régie du 

bâtiment du Québec (RBQ) to promote the use of wood in mid-rise constructions in the province of 

Québec and to facilitate the approval of such buildings in the province. FPInnovations’ staff and NRC 

gave several presentations pertaining to mid-rise timber construction in the following areas which will 

facilitate the approval of multi-storey timber constructions in the province of Québec: 

 

 Building code considerations and challenges 

 Fire safety design of buildings 

 Lateral force resisting systems 

 Connections issues. 

 

5.11.3 Training seminars on the new design methodology for bolted and dowelled timber 
connections in the Canadian Timber Design Standard (CSA O86) 

A new design approach for bolted and dowelled timber connection has been adopted recently in the 

Canadian Timber Design Standard (CSA O86-09). For the last 15 years or so, FPInnovations’ staff has 

been participating in the development of this new design procedure. A series of seminars have been 

planned to familiarize the designers in Québec with this new design methodology.  Two training seminars 

were organized; with one given to Douglas Consultants Inc. in Québec City and the other to Nordic 

Engineered Wood in Montreal. More of these seminars are planned for the future in an attempt to 

familiarize designers in Québec and the rest of Canada with the new design approach recently adopted in 

CSA O86 and to introduce new innovative connection systems for multi-storey timber construction. 

 

5.11.4 Timber connection design workshop - Ryerson University, Toronto 

A one-day workshop was organized by Wood WORKS!/Canadian Wood Council at Ryerson University in 

Toronto, on February 2010. The workshop was intended for engineers and other design professionals who 

need the most up-to-date information on traditional and innovative timber connections. An overview of 

the current design procedure for bolts and dowels in CSA O86-09 was given in addition to design 

examples.  

 

5.11.5 FPInnovations/Cecobois Seminar on CLT (May 25-26, 2010, Québec City) 

FPInnovations and the Centre d’expertise sur la construction commerciale en bois (cecobois) organized a 

comprehensive two-day seminar on CLT panels. Over 175 participants from 5 provinces including 

designers, architects, manufacturers, government personnel, developers, builders, etc. attended the 

seminar. All major aspects relating to CLT panels and assemblies were presented and discussed, this 

included; architectural and structural design, manufacturing of CLT, building with CLT, seismic 

resistance, assembly, fire safety, acoustics, floor vibrations and durability and connections design. Project 

leaders contributed to the seminar by giving a presentation dedicated to the design of CLT connections. 

Technical information related to the different types of CLT connections being used in Europe was 

presented. Design guidelines for CLT connections in the context of CSA O86-09 were also described.  
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Figure 31 CLT Seminar in Québec City 

 
 
5.11.6  Cross-Laminated Timber Symposium (February 8-9, 2011, Vancouver, BC) 

The Wood Enterprise Coalition of BC - Wood WORKS! BC, FPInnovations, and BC Wood Specialties 

Group organized a comprehensive two-day symposium on CLT panels. Speakers from Austria, Italy and 

the United Kingdom presented the European design and manufacturing experience on CLT. The project 

leaders gave a presentation at the symposium related to connections in CLT, at which typical connection 

systems from Europe and design guidelines for CLT connections were explained. Over 300 structural 

engineers, wood-based products manufactures, designers, building officials, builders, architects, building 

code consultants, etc., were present. 
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Figure 32 CLT Symposium in Vancouver, BC 
 

 

5.12 Contribution to NSERC NEWBuildS Network projects at universities focused 
on use of innovative connection systems in timber 

NEWBuildS is a multi-disciplinary NSERC strategic research Network for Engineered Wood-based 

Building Systems. The goal of NEWBuildS is to develop scientific knowledge and construction 

technologies that will enable wood-based products to be used in mid-rise and non-residential construction, 

or integrated into hybridized construction. The research program of NEWBuildS has been established in 

collaboration with FPInnovations, the wood industry and design community, and is organized into four 

linked research themes.  

 

In order to ensure that the new NSERC network is well-aligned with the Transformative Technology (TT) 

program, FPInnovations’ staff invested considerable time and effort in supporting the development of the 

Network. Several workshops, meetings and conference calls took place. FPInnovations played a key role 

in planning the research program as part of the NSERC network and has been actively involved in 

steering the program to align it with the TT program and future research programs at FPInnovations. 

Project leaders have contributed significantly to the various projects related to the connections 

performance and design in CLT and in mid-rise timber and hybrid construction. 
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6 Conclusions 
This project was launched in recognition of the critical role that connections play in maintaining the 

structural integrity of timber structures, especially when a new generation of engineered wood products 

such as CLT are introduced and alternative building systems and applications for use of wood-based 

products are being developed.  

 

The technical information developed under this project through various activities including literature 

review, technical seminars, testing and analysis programs on traditional and innovative connection 

systems enable the project team to make the following conclusions. 

 

1. Designers are in need of design guidelines that will enable them to specify and design connection 

systems suited for a new generation of engineered wood-based products and systems. 

2. Innovative connection systems such as self-tapping screws and those developed and being used in 

Europe and Japan have great potential for use in next generation building systems in Canada and 

the US.  

3. While traditionally, design of timber connection systems has been focused on structural 

efficiency, new design requirements for alternative building systems such as hybrid and mid-rise 

construction requires consideration of other performance attributes such as fire performance, ease 

of assembly, cost-effectiveness, aesthetics, etc. Designers have currently no guidelines as to how 

to account for these attributes at the design stage. Activities conducted under this project have 

provided designers with the technical information required to address some of the key attributes 

of connections at the design stage.  

4. There is a need to implement design provisions and guidelines in the Canadian timber design 

standards that would facilitate the use of innovative connection systems for both traditional and 

non traditional applications. Currently, lack of design guidelines is causing a set-back on the 

designers’ side as they are hesitant to use such innovative systems that have not been approved by 

the Canadian timber design standard.  

5. Designers are looking for ways to simplify the design of timber connections and to have access to 

design tools and other types of information that allow them to specify the most effective 

connection system for their projects. The technical information and materials presented in this 

report provide designers with this kind of information. For example, a table that compiles all 

types of traditional and innovative connection systems is included in the report to facilitate the 

selection of the appropriate type of connection for a particular application. 

 

 

7 Recommendations and Future activities 
Connections remain one of the most critical items when it comes to the design, assembly and 

serviceability of wood-based buildings, especially as a new generation of products and systems emerge in 

the market place. While most of the research has been focused on a single performance attribute of the 

connections (mostly strength), new code and market requirements are in place that require designers to go 

beyond connection structural capacity to account for other attributes such as fire performance, ease of 

assembly and other serviceability issues (i.e. vibration and acoustics). Fire performance of connection is 

attracting considerable attention these days by both designers and building officials. Since connections are 

the weakest link in a typical timber building, there is a need to ensure that the connection system has at 

least the same fire resistance as the timber structural members/assembly, if not better. More research work 

focused on the fire performance of connections is certainly needed. 
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Other attributes of connections performance such as ease of site assembly is also critical. There are new 

trends to use connection systems that will facilitate assembly and disassembly which allow for a high 

level of flexibility in terms of re-modelling, adding extensions or simply modifying the function of the 

building. By having this flexibility, it will be possible to extend the life span of the building creating a big 

advantage for the owner. 

 

Finally, with the emergence of a new generation of connection systems and wood-based products, it is 

necessary to continue the investigation on the performance of such systems and their suitability in 

traditional and non-traditional applications that involves the use of wood. Design guidelines need to be 

developed to facilitate the design and to be able to expand the use of wood-based products in alternative 

applications. 
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Appendix I 

Performance Attributes of Common and Innovative Connection Systems – Table 
Report 

 



Summary of Common and Innovative Connection Systems in Wood Construction and their Attributes – Post and Beam  
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SE System 
(Japan) /  
 
Single 
concealed metal 
plate with 
dowels 
 

• Shear 

 

According to the 
manufacturer, this 
connection works 
in shear and shows 
better resistances 
than normal 
brackets.   
 
DFD/A: 4 

Concealed metal 
components in 
wood enhance the 
fire resistance of 
the connection.  
However, the base 
of the system is 
exposed and may 
need to be 
protected from fire. 

The system was 
developed and is 
commercially 
available in Japan.. 
No suppliers exist 
in NA. Price could 
be competitive if 
produced locally. 

The design 
process is simple  
because the 
system consists of 
a single internal 
metal plate with 
dowels to connect 
the post and 
anchor bolts to 
attach the system 
to the concrete 
foundation . 

This system 
provides a quick 
assembly for post-
to-foundation 
applications. The 
use of dowels 
facilitates the 
installation. 
 
 

Good serviceability 
due to the fact that 
the bottom of the 
wood post is not in 
contact with the 
ground or concrete 
foundation.  
 

As the metallic 
device is 
concealed in the 
wood, good 
atheistic could be 
achieved, 
especially with 
dowels. 

Sumitomo 
Forestry Co. 
 
BigScrew 
 

• Shear 

• Moment 

 

According to the 
manufacturer, this 
connection could 
be used as shear 
or moment 
resistant system. 
 
DFD/A: 5 

Some metal 
components of this 
system are 
exposed. However, 
it is possible to 
cover those with 
some wooden caps 
to improve fire 
resistance.   

This system might 
be relatively 
expensive 
compared to other 
connection 
systems. However, 
it is considered to 
be a high 
performance 
system to be used 
for special 
applications. 
Systems is 
developed and 
used in Japan. Not 
available in NA 

The design 
process for this 
connection relies 
meanly on the 
withdrawal and 
shear strength of 
the “BigScrew”. 
Design formulas to 
determine the 
strength are 
provided by the 
manufacturer. 

The assembly 
process is reduced 
to a few fasteners 
installed in situ due 
to the fact that 
most of the metal 
components are 
installed in the 
plant, prior to 
delivery. High 
degree of 
prefabrication 
involved.  

The BigScrew is 
inserted into the 
wood member and 
the concrete 
foundation. Contact 
between the 
concrete 
foundation and 
timber should be 
prevented using 
metal or composite 
plates. Steel 
components in 
contact with 
concrete may need 
to be coated 
against corrosion. 
 
 

Good aesthetics as 
the metal 
components can 
be covered with 
wooden caps.  
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Modified 
Chigiri System  
 

• Shear 

• Moment 
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Modified 
Chigiri System 
 

• Shear 

• Moment   

Summary of Common and Innovative Connection Systems in Wood Construction and their Attributes

Image 
Structural 

Performance & 
DFD/A Rank 

Fire Performance 
Cost Effectiveness 

/ Availability

 

Experimental 
work conducted 
in Japan on 
similar connection 
configurations 
showed a good 
performance 
against shear and 
moment forces.  
 
DFD/A: 5 

Since only a small 
part of the 
connection is 
exposed, the 
performance 
against fire should 
be o.k. In any case, 
fire coating could 
be applied to 
exposed steel 
members  

The system is 
patented in Japan 
and it is 
commercially 
available there at 
this moment.

 

Tests conducted 
on similar 
connection 
configurations 
showed a good 
structural 
performance 
against shear and 
moment forces.  
 
DFD/A: 5 

Same as above Same as above

and their Attributes – Post and Beam  

Cost Effectiveness 
/ Availability 

Complexity of 
Design 

Ease of 
Assembly 

Serviceability 

The system is 
patented in Japan 

commercially 
available there at 
this moment. 

Design guidelines 
are yet to be 
developed for this 
connection system. 

The Chigiri 
system is 
considered to be 
one of the fastest 
connection 
system for 
erection as most 
of the 
components are 
pre-assembled in 
the plant. Only 
the Chigiri metal 
key need to be 
inserted on site. 

Metallic 
components need 
to be protected 
against corrosion. 
No post-installation 
adjustments are 
needed. 
 
 

Good aesthetics

Same as above Same as above As explained 
above, the Chigiri 
system is one of 
the fastest when 
it comes to site 
assembly. This is 
particularly 
important for post 
to post 
connection 
assembly in multi-
story buildings 

Dry conditions use. 
No post-installation 
adjustments are 
needed. 
 
 

Good aesthetics.

Aesthetic 

Good aesthetics 

Good aesthetics. 
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Double internal 
metal plate 
 

• Shear 

Single metal 
plate with 
bearing plate 
 

• Shear 

•  

 
  

Summary of Common and Innovative Connection Systems in Wood Construction and their Attributes

Image 
Structural 

Performance & 
DFD/A Rank 

Fire Performance 
Cost 

Effectiveness / 
Availability

 

This system allows 
for four shear 
planes leading to 
potential increase 
in ductile capacity, 
especially with   
small diameter 
dowels and thinner 
plates. This will 
also lead to 
minimizing the 
splitting potential. 
 
DFD/A: 2 

The two plates are 
hidden which 
generally enhance 
the fire 
performance. The 
utilisation of small 
diameter dowels 
helps reducing the 
heat transfer to the 
plates; however, 
thin plates have 
less fire resistance.  

The system should 
be easy to 
fabricate, as it is 
composed of a 
single folded steel 
plate, perforat
the plant to the 
number of dowels 
required. 

 

This system is 
identified as being 
on of the most 
effective 
connections since 
it capitalizes on the 
high bearing 
resistance of the 
wooden beam to 
gravity loads. 
 
DFD/A: 4 
 

If the bottom plate 
is not concealed 
inside the beam 
through a 
horizontal profile, 
then it will be 
exposed. Visible 
metal plates and 
other metal 
components of the 
connection 
systems undermine 
the fire resistance 
unless fire-
resistance coating 
materials are used.  

The connection is 
easy to fabricate as 
it consists  of two 
or three relatively 
thick welded plates 
depending on the 
manufacturing 
process. So it is 
expected to be 
cost-effective.

and their Attributes – Post and Beam  

Effectiveness / 
Availability 

Complexity of 
Design 

Ease of Assembly Serviceability 

The system should 

fabricate, as it is 
composed of a 
single folded steel 
plate, perforated in 
the plant to the 
number of dowels 

Double shear 
plates are one of 
the easiest 
connections to 
design. 

The assembly of 
can be easy or 
extremely difficult 
depending on the 
type of metal, 
fasteners and level 
of tolerance and 
prefabrication 
involved. Use of 
CNC technology 
and self drilling 
small dowels (e.g., 
SFS WS) thorough 
steel and wood 
would facilitate a 
quick on site 
assembly 

No post-installation 
adjustments are 
required. 
 
 

Since the metallic 
components of the 
connection 
systems are 
conceale
from small dowels), 
good aesthetics 
can be achieved. 

The connection is 
easy to fabricate as 

of two 
or three relatively 
thick welded plates 
depending on the 
manufacturing 
process. So it is 
expected to be 

effective. 

The design for this 
connection relies 
mainly on the 
bearing capacity of 
the wooden beam 
element. Single or 
double dowels are 
needed to keep the 
beam in place and 
to resist any 
potential horizontal 
movement or uplift 
due to lateral 
loads.  

Facilitates a quick 
assembly as the 
beam end can be 
easily profiled at 
the plant to conceal 
the metal plate and 
take the single or 
double 
dowels/bolts  

No post-installation 
adjustments are 
needed. Some 
potential issues 
with due to 
exposed bearing 
metal plate. 
 
 
 

The plate 
underneath the 
beam 
visible, 
compromising the 
good appearance 
of the connection 
system

Aesthetic 

Since the metallic 
components of the 
connection 
systems are 
concealed (aside 
from small dowels), 
good aesthetics 
can be achieved.  

The plate 
underneath the 
beam is usually 
visible, 
compromising the 
good appearance 
of the connection 
system 



Summary of Common and Innovative Connection Systems in Wood Construction and their Attributes 
 

Construction 
System 

Location 
Connection 
System 

Image

P
os

t a
nd

 B
ea

m
 

P
os

t-
to
-B
ea

m
 

Single plate 
 

• Shear 

Concealed I-
Beam 
 

• Shear 

• Moment 

•  

 
 
  

Summary of Common and Innovative Connection Systems in Wood Construction and their Attributes 

Image 
Structural 

Performance & 
DFD/A Rank 

Fire Performance 
Cost Effectiveness 

/ Availability

 

This traditional 
system has two 
shear planes. 
When small dowels 
are used with 
internal metal 
plates, high ductility 
could be achieved. 
That reduces the 
likelihood of 
splitting due to 
tension 
perpendicular to 
grain. 
 
DFD/A: 2 

Good fire 
resistance due to 
concealed metal 
plates and 
potentially, small 
dowels.  

The system should 
be easy to 
fabricate, as it is 
composed of two 
welded steel plates, 
perforated 
according to the 
number of dowels 
required. So is 
considered a cost
effective. 

 

The system has 
been developed at 
FPInnovations and 
has been identified 
as one of the most 
efficient connection 
systems as it 
provides resistance 
to shear and 
moment in the 
plane of the beam. 
Similar systems 
have been adopted 
in steel assemblies.  
 
DFD/A: 5 

Good fire 
resistance due to 
concealed metal 
components. The 
exposed 
connection 
between the 
metallic I-section 
and the post could 
be easily protected 
with a wood cap 
and fire-resistance 
coating material 
such as 
intumescent 
products. 

Cost effective if 
CNC technology is 
adopted. Could be 
produced locally

Summary of Common and Innovative Connection Systems in Wood Construction and their Attributes – Post and Beam  

Cost Effectiveness 
/ Availability 

Complexity of 
Design 

Ease of 
Assembly 

Serviceability 

should 

fabricate, as it is 
composed of two 
welded steel plates, 

according to the 
number of dowels 
required. So is 
considered a cost-

Easy to design  The assembly of 
could be easy or 
extremely difficult 
depending on the 
tolerance level  
during the 
fabrication 

No post-
installations 
adjustments are 
needed. 
 
 

As the metallic 
device is 
concealed, the 
connection system 
has a good 
aesthetics.

Cost effective if 
CNC technology is 
adopted. Could be 
produced locally. 

Horizontal shear 
forces generated at 
the metal to wood 
connections with 
dowels need to be 
evaluated and the 
connection must be 
designed for such 
forces. The 
connection system 
should also be able 
to resist the gravity 
load through 
bearing (i.e. top 
and bottom). 

This system is 
presented as 
being one of the 
quickest 
connection 
systems if CNC 
technology is 
adopted for 
profiling and both 
beams and posts 
arrive to the site 
already equipped 
with the metal 
components.  

No post-
installations 
adjustments are 
needed. 
 
 

Most of the metal 
components of the 
connection system 
are concealed
Exposed parts can 
be covered with 
wood caps. Good 
aesthetics.

Aesthetic 

As the metallic 
device is 
concealed, the 
connection system 
has a good 
aesthetics. 

Most of the metal 
components of the 
connection system 
are concealed. 
Exposed parts can 
be covered with 
wood caps. Good 
aesthetics. 
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Chigiri System 
Modified 

• Shear 

• Moment 
 

Sekisui 
System 
 

• Shear 
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Concept originally 
developed and 
tested in Japan 
using metal shear 
keys. Tests 
conducted on 
similar connection 
configurations 
showed an 
adequate 
performance 
against shear and 
moment forces. 
 
DFD/A: 5 

Metal components 
are mostly 
concealed. 
Exposed parts 
could be covered 
with fire treated 
wood caps. 

The system is 
patented in Japan 
and its 
commercially 
available there at 
the moment. 

 

 

System developed 
in Japan. This 
connection works in 
shear for the plate-
to-beam joint while 
for post-to-plate 
joint it work in shear 
and bearing (special 
type of shear plate 
drilled in the post 
member that 
distribute the load 
on a larger area). 
 
DFD/A: 5 

Good fire 
resistance due to 
concealed metal 
components. 
 

The system is 
commercially 
available in Japan. 

Summary of Common and Innovative Connection Systems in Wood Construction and their Attributes – Post and Beam  

Cost Effectiveness 
/ Availability 

Complexity of 
Design 

Ease of 
Assembly 

Serviceability 

The system is 
patented in Japan 

commercially 
available there at 
the moment.  

Design guidelines 
for this connection 
system need to be 
developed 
specifically for this 
system since it’s a 
proprietary one. 

The Chigiri 
system is one of 
the fastest 
connection 
systems when it 
comes to site 
assembly as most 
of the 
components are 
preinstalled in the 
factory. Only the 
Chigiri key needs 
to be inserted on 
site. 

No major 
serviceability issues 
if metal components 
are insulated to 
avoid potential 
water condensation.  
 
 

Good aesthetics 
due to concealed 
metal components. 

The system is 
commercially 

Japan.  

Relatively easy to 
design since the 
system involves a 
double internal 
metal plates with 
metal dowels.  

The system 
provides a quick 
on site assembly 
due to the 
presence of 
guiding grooves 
on top, where the 
beam end could 
rest prior to 
dowels insertion. 
 

It is a proprietary 
system with 
anticorrosion 
treatment. No post-
installations 
adjustments are 
needed.  
 
 

Concealed metal 
components. 
Dowels or can also 
be hidden using 
wood caps. Good 
aesthetics.

Aesthetic 

Good aesthetics 
due to concealed 
metal components.  

Concealed metal 
components. 
Dowels or can also 
be hidden using 
wood caps. Good 
aesthetics. 
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Sumitomo 
Forestry Co. 
BigScrew 
 

• Shear 

• Moment 
 

 

According to the 
manufacturer, this 
connection is a 
shear and moment 
resistant system. 
Provides a 
continuous load 
path and minimizes 
compression 
perpendicular. to 
grain deformation in 
multi-storey 
buildings. 
 
DFD/A: 5 

While some of the 
metal components 
are hidden and 
concealed, the 
metal blocks are 
exposed which 
could compromise 
the fire resistance 
unless covered with 
wooden caps.  

This is a proprietary 
systems made in 
Japan. It has been 
used in special 
projects. No 
information about 
its 
commercialisation 
has being found 
yet. Generally, it 
might be a 
relatively expensive 
system. 

The design process 
for this connection 
relies mainly on the 
withdrawal and 
shear strength of 
the “bigscrew”. 
Design procedure 
is most likely 
available and can 
be supplied by the 
manufacturer. 

The assembly 
process is 
reduced to only 
few fasteners 
installed in situ 
because the rest 
of the system is 
pre-installed at 
the factory. 

Some problems of 
condensation could 
occur if metal 
components are not 
protected. No post-
installation 
adjustments are 
needed but can 
easily be done if 
necessary. 
 
 

Good aesthetics in 
general but the 
metal components 
may need to be 
covered with 
wooden caps for 
better aesthetics.  

SE System  
 
Single plate 
with dowels 
 

• Shear 

 

System developed 
in Japan. This 
connection works in 
shear for the plate-
to-beam joint while 
for post-to-plate 
joint it works in 
shear and bearing  
(special type of 
shear plate inserted 
in the post member, 
i.e., similar to 
Sekisui system 
described above). 
 
DFD/A: 5 

The system is 
totally concealed 
which provides 
better fire 
resistance. 
Exposed dowels 
can be covered 
with wooden caps 
for better protection 
against fire. 

Despite its origin 
(Japan) this system 
can be acquired 
from there and is 
commercially 
available. 

The design process 
seems to be simple 
as it involves a 
single concealed 
metal plates and 
dowels/bolts in the 
beam. The system 
relies on bolts 
bearing on the post 
for the connection 
between the metal 
plate and the post. 
 

This system is 
presented as 
being one of the 
fast connections 
to be used in 
post-to-beam 
constructions. 
The use of 
positioning 
dowels facilitates 
the erection.  

It is a proprietary 
system with 
anticorrosion 
treatment. No post-
installations 
adjustments are 
needed.  
 
 

Good aesthetics 
due to concealed 
connection 
components 
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BMF - 
Simpson 
Strong Tie  
 

BAR BEARER 

– 4 

 

• Shear 
 

 

 
 

It is a single 
concealed metal 
plate used to 
connect beams to 
girders and beams 
to posts. The 
system provides 
good shear 
resistance using 
dowels or bolts  
 
DFD/A: 5 

Good fire resistance 
due to concealed 
metal components.  

The system is 
commercially 
available by 
Simpson Strong 
Tie. 

Relatively easy to 
design using current 
design procedure 
provided in timber 
standards. Actual 
design values are 
given by the 
manufacturer. 
 

Rapid assembly. 
Screws are used 
to fix the plate to 
the post/girder. 
A guide at the top 
allows for quick 
assembly prior to 
bolts/dowels 
installation. 

No post-
installations 
adjustments are 
needed.  
 
 

The connector is 
inserted into the 
beam member. 
Only wood 
components and 
dowels (if not 
covered) are visible. 
Generally good 
aesthetics 

BMF - 
Simpson 
Strong Tie  
 

BAR BEARER 

ALU 

 

• Shear 
 

 

 
 

Aluminum plate 
used to connect 
beam to girder and 
beam to column. 
The fittings are 
made of extruded 
aluminum in 6 mm 
thickness. Similar 
to the BMF systems 
above but without 
the guide.  
 
DFD/A: 3 

Concealed metal 
components. 
However, no 
information is given 
on the aluminum 
fire performance!!!! 
 
 

The system is 
commercially 
available by 
Simpson Strong 
Tie. 

Design values are 
given by the 
manufacturer. 

Relatively rapid 
assembly. The 
plate needs to be 
perforated to 
allow for the 
insertion of 
dowels/bolts on 
site.  
Screws are used 
to fix the plate to 
the post/beam 
members. The 
only operation on 
site is the 
insertion of the 
dowels.  

Corrosion is not a 
significant issue 
with this system. 
No post-
installations 
adjustments are 
needed.  
 
 

Good aesthetics 
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Strong Tie 
 
JANEBO® 
 

• Shear 
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Knapp System 
 
Gigant 
 

• Shear 
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Fire Performance 
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/ Availability

 

According to the 
manufacturer, the 
system has a good 
structural 
performance. The 
system is designed 
to resist lateral and 
withdrawal forces. 
 
DFD/A: 4 

As other systems 
with inserted plates, 
fire performance 
should be good as 
only the dowels are 
visible. 

The system is 
commercially 
available by 
Simpson Strong Tie 
in Europe. 

 

This system has a 
good structural 
performance. The 
system can resist 
lateral and tensile 
forces. 
 
DFD/A: 1 

The fastening 
system remains 
hidden after the 
installation what 
should help having 
a good fire 
performance. 

The system is 
commercially 
available by Knapp 
in Europe. 

Summary of Common and Innovative Connection Systems in Wood Construction and their Attributes – Post and Beam 

Cost Effectiveness 
/ Availability 

Complexity of 
Design 

Ease of 
Assembly 

Serviceability 

The system is 
commercially 

Simpson Strong Tie 

Design values are 
given by the 
manufacturer. 

This system 
provides a quick 
on site assembly 
for post and 
beam 
construction. 

No post-
installations 
adjustments are 
needed.  
 
 

Hidden connection 
system, good 
aesthetics

The system is 
cially 

available by Knapp 

Design values are 
given by the 
manufacturer. 

This system 
provides a quick 
on site assembly 
for post and 
beam 
construction. 
Additionally, the 
system is 
equipped with a 
self locking 
system.  

No post-
installations 
adjustments are 
needed.  
 
 

Hidden connection 
system, good 
aesthetics

Aesthetic 

Hidden connection 
system, good 
aesthetics 

Hidden connection 
system, good 
aesthetics 
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Sherpa 
System 
 
 

• Shear 
 

 

This system has a 
good structural 
performance. The 
system can resist 
lateral and 
gravityforces. 
 
DFD/A: 1 

The metal 
components of the 
system are hidden 
which provides 
superior fire 
performance. 

The system is 
commercially 
available by 
Sherpain Europe. 

Design values are 
specified  by the 
manufacturer. 

This system 
provides a quick 
on site assembly 
for beam to purlin 
and beam to post 
applications as 
the it is equipped 
with a self locking 
mechanism post-
installations 
adjustments are 
not needed.  
 
 

No post-
installations 
adjustments are 
needed.  

Hidden connection 
system, good 
aesthetics 

M
om

en
t r
es

is
tin

g 
fr
am

es
 

A
rc
h 

Würth moment 
resisting 
system 
 

• Shear 

• Moment 
 

 

A moment resisting 
connection for 
portal frames and 
other post to beam 
applications from 
Würth. 
 
 DFD/A: 3 

Exposed metal 
components need 
to be coated with 
fire resistant 
materials to provide 
better fire 
resistance.  

Commercially 
available in 
Germany and can 
be acquired by 
Würth distributors. 
Depending on the 
application, it might 
be relatively 
expense.   

Since this system is 
based on the pull 
out and shear 
resistance of 
screws in wood, it 
is relatively easy to 
design. Steel to 
steel connection 
need to be 
checked.  

If wooden 
members arrive 
on site already 
equipped with 
metal 
components then 
erection goes 
fast. Profiling for 
the concealed 
metal plates is 
necessary using 
CLT technology 

No post-
installations 
adjustments are 
needed. May need 
to coat the exposed 
metal components 
for potential 
corrosion in 
corrosive 
environments 
 
 
 

Relatively good 
aesthetics if metal 
components are 
covered 
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Berstche 
System 
 

• Shear 

• Moment 
 

 

System developed 
in Germany.  
Bertsche system is 
suitable for 
applications where 
large forces flow 
through large 
components. The 
systems is also 
considered moment 
resisting if at least 2 
BS-connectors are 
installed at the end 
of the wooden 
member. 
 
DFD/A: 5 

Good fire 
resistance as the 
metal components 
are totally 
concealed inside 
the wood.   

There exist several 
types of Berstche 
connectors 
depending on the 
application and 
building type. 
Relatively 
expensive for small 
projects compared 
to other systems 
but could be cost-
effective for 
connections that 
transfer large 
forces. 

Design capacities 
are provided by the 
manufacturer. 

The installation of 
the connector is 
done in the 
factory. 
Assembling 
process is 
completed on site 
by installing bolts. 
 
 

No post-
installations 
adjustments are 
needed.  
 
 

Good aesthetics 
due to concealed 
connection steel 
components 
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ConXtech  
 
Simmons 
Moment 
Resisting 
Space Frame 
Connection 
 

• Shear 

• Moment 
 

 

A typical steel to 
steel connection but 
concept could be 
applicable to wood-
to-steel hybrid 
construction. 
It provides good 
shear and moment 
resistance 
 
DFD/A: 5 

Poor fire 
performance unless 
metal components 
are coated with fire 
resistant materials 
or covered with 
wood 

Some modifications 
are required before 
the system could be 
adopted in timber 
construction. Might 
be cost-effective for 
hybrid wood steel 
assemblies. 

Studies are needed 
to better understand 
performance, 
especially when 
used in hybrid wood 
systems. Structural 
analysis led to the 
use of the RBS 
(Reduced Beam 
Section) concept as 
an energy 
dissipating 
component to 
ensure the SMRSF 
qualified as a 
special moment 
frame under the 
latest FEMA and 
AISC provisions 

Drop one 
beam/outer collar 
plate assembly 
over male 
projection on the 
inner collar plate 
assemblies on 
each of the four 
faces of the 
column. High 
grade bolts are 
inserted into the 
diagonal holes in 
the adjoining 
outer collar plates 
and pre-
tensioned to form 
a rigid moment 
collar assembly 
that surrounds 
the column. 

Potential moisture 
condensation 
issues as well as 
corrosion. 
Protection might be 
needed. No post-
installations 
adjustments are 
needed.  
 
 

With some 
modifications, the 
systems can be 
concealed and 
covered with wood 
to provide better 
aesthetics. 
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BMF - 
Simpson 
Strong Tie  
 

ENDETR 

ÆSBESLAG 

EL 

 

• Shear 
 

 

It is used in joints 
between wooden 
beams and wood, 
steel or concrete. 
The brackets are 
made of extruded 
aluminum of 10 mm 
thickness with Ø 
5.4 mm 
countersunk holes 
to screw the 
connector to the 
wood member.  
 
DFD/A: 4 

No information is 
available on the fire 
performance!!!! 
 

The system is 
commercially 
available by 
Simpson Strong- 
Tie. 

Design values are 
given by the 
manufacturer. 

The metal plates 
are preinstalled in 
the factory. The 
only operation on 
site is positioning 
the beams and 
fixing the top of 
the connector to 
the support base. 

No post-
installations 
adjustments are 
needed.  
 
 

The plate can be 
inserted inside the 
purlin achieving 
concealed 
connection, 
providing good 
aesthetics. 

P
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 –
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er
 BMF - 

Simpson 
Strong Tie 
 

ENDETR 

ÆSBESLAG 

ET 

 

• Shear 
 

 

That is used for 
attaching posts to 
beams or beams to 
girders. The 
bracket can also be 
used for beam / 
column joints. The 
bracket is made of 
aluminum and 
consists of 2 
components. 
 
DFD/A: 4. 

No information is 
available on the fire 
performance!!!! 
 

The system is 
commercially 
available Simpson 
Strong Tie. 

Design values are 
given by the 
manufacturer. 

Metal plates are 
preinstalled in the 
factory on both 
wooden elements 
which insures a 
quick assembly. 
Tolerance should 
be kept to 
minimum due to 
potential issues 
with on site 
misalignment. 

No post-
installations 
adjustments are 
needed.  
 
 

No metal parts are 
visible. Full wood-
to-wood 
connection. Very 
good aesthetics 
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Simpson 
Strong Tie 
 
SDS (Self-
drilling screw) 
 

• Shear 

• Withdrawal 
 

 

 
 

The Simpson 
Strong-Drive® 
screw (SDS) is a 
1/4" diameter 
structural wood 
screw ideal for 
various connector 
installations as well 
as wood-to-wood 
applications. 
 
DFD/A: 4 

Fire performance is 
not a major issue 
due to the small 
exposed screw 
head. 

Structural timber 
components are 
connected in a 
single operation, 
without any pilot 
drilling. This 
enables significant 
time and cost 
reductions.  
 

Design values are 
provided by the 
manufacturer. 

 Screw coated 
against corrosion.  

Hidden. Good 
aesthetics. 

SFS 
WFC/WFD/WF
R 
 
Self-tapping 
screw 
 

• Shear 

• Withdrawal 
 

 

Good for all wood 
to wood 
applicatyions which 
involves resistance 
to shear and 
withdrawal forces 

Good fire 
performance due to 
the small exposed 
screw head. 

Similar to Simposn 
SDS screws above,  
timber components 
are connected in a 
single operation, 
without any pilot 
drilling. This 
enables significant 
time and cost 
reductions.  
 

Design values are 
provided by the 
manufacturer. 

Since no predrillig 
is required, the 
assembly process 
goes very fact. 

Heat treated steel 
with surface 
corrosion protection 
coating 

Good aesthetics 
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Würth  
 
ASSY® Wood 
screw 
 

• Shear 

• Withdrawal 
 

Würth  
 
ASSY® plus 
VG Fully 
Threaded 
Wood screw 
 

• Shear 

• Withdrawal 
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ASSY Original 
allows for faster 
driving while still 
providing a 40% 
stronger hold. 
Double asymmetric 
thread provides 
40% greater holding 
strength than 
normal screws. 
 
DFD/A: 4 

Generally good fire 
performance due to 
small exposed 
head 

Easy to install as it 
does not require 
any sophisticated 
tools which cuts 
down the assembly 
time. 

 

Good structural 
performance due to 
the high withdrawal 
capacity as the 
screw is fully 
threaded.  
 
DFD/A: 4 

Generally good fire 
performance due to 
small exposed 
head 

Easy to install as it 
does not require 
any sophisticated 
tools which cuts 
down the assembly 
time. 

Summary of Common and Innovative Connection Systems in Wood Construction and their Attributes – Post and Beam/CLT/Hybrid 

Cost Effectiveness 
/ Availability 

Complexity of 
Design 

Ease of 
Assembly 

Serviceability 

Easy to install as it 
does not require 
any sophisticated 
tools which cuts 
down the assembly 

Design values are 
usually given by the 
manufacturer. 

ASSY screw does 
not need pre-
drilling process 
and the 
installation 
process is very 
fast. 

Zinc-nickel 
Provides the best 
combination of 
strength and 
corrosion 
resistance.  
 
ASSY screws do 
not come loosen by 
mechanical 
pressure like 
ordinary screws. 
 
 

Good athletics

Easy to install as it 
does not require 
any sophisticated 
tools which cuts 
down the assembly 

Design values are 
usually given by the 
manufacturer. 

A quick assembly 
due to the ease of 
driving associated 
with the self 
drilling screws. 

Zinc-nickel 
Provides the best 
combination of 
strength and 
corrosion 
resistance.  
 

Good athletics

Aesthetic 

Good athletics 

Good athletics 
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SFS WT 
 
Self-drilling 
screw 
 

• Shear 

• Withdrawal 
 

 

 

 
 

High shear strength 
due to optimum 
quality and the 
ability to sustain 
high withdrawal 
forces. 
 
DFD/A: 4 

Good fire 
resistance since it 
is concealed inside 
the wood.  

Structural timber 
components are 
connected with the 
WT special fastener 
in a single 
operation, without 
any pilot drilling. 
This enables 
significant time and 
cost reductions to 
be achieved. 

An extensive 
selection of basic 
calculation aids 
available for 
different structural 
applications.  

Easy to install 
and does not 
require complex 
tools which 
facilitate a quick 
on site assembly 

Screw coated 
against corrosion.   
 
 
 

Good aesthetics 
due to that fact that 
the metallic device 
is concealed  
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Trufast 
Self-drilling lag 
screw/bolt 
 

• Shear 

• Withdrawal 
 

 

 
 

No information was 
found for this 
fastener and its 
structural 
advantages. The 
system works like 
self drilling screws. 
The coarse 
threaded end is 
broken and the fine 
threads are used 
with a nut.  
 
DFD/A: 4 

No information 
available!!!! 

No information 
available!!!! 

No information 
available 

Relatively easy 
installation as it 
works like a self 
drilling screws in 
wood.  

No information 
available  
 
 
 

No information 
available  

M
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SFS WS 
 
Self-drilling 
dowel  
 

• Shear 
 

 

 
 

System WS is a 
self-drilling dowel 
used in timber/steel 
connections. 
 
DFD/A: 4 

Good fire 
performance, as all 
metal components 
are concealed 
inside the wood.  

Remarkable 
reductions in 
working time due to 
the reduced 
number of 
operations 
This system is 
manufactured by 
SFS Intec and is 
commercially 
available. 
 

Design values and 
tools are provided 
by the 
manufacturer.  

Requires 
specialized tools 
to drive the 
screws in the 
wood and the 
concealed metal 
plates. While it is 
quite easy to do 
that in the plant, it 
could be rather 
difficult to do it on 
site.   

No post-installation 
adjustments are 
needed.  
 
 

Good aesthetics 
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HILTI  
 
PHF Self-
drilling screw 
 

• Shear 
  

 

PHF screw is used 
for wood-to-steel 
connections. No 
pre-drilling is 
required.  
 
DFD/A: 2 

No information on 
the fire 
performance 

This fastening 
system is 
commercially 
available in 
Canada.  

No information!!!!! The screw is 
inserted through 
the wood member 
and the steel 
without pre-
drilling. 
 
Relatively easy to 
drive the screw 
on site 

This fastener is 
recommended for 
interior 
applications. No 
post-installation 
adjustments are 
needed. 
 
 

Good aesthetics 

H
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Hilti 
Powder-driven 
nails  
 

• Shear 

• Withdrawal 
 

 

Powder-driven nails 
have been used to 
connect open web 
steel trusses and 
wood decking 
systems. 
 
DFD/A: 1 

No information!!!!! Manufactured by 
Hilti which provides 
specialized tools for 
installation. 
Relatively 
expensive, but t 
The cost of the 
system could be 
balanced by the 
speed of 
installation. 

The manufacturer 
suggests that the 
nails capacity can 
be calculated using 
standard methods 
for dowel-type 
fasteners (i.e. Part 
11 of ANSI/AF&PA 
NDS). 

Easy to drive the 
nail using 
specialized guns. 
Precise setting-up 
for the gun is 
needed to avoid 
over insertion. 

No information!!!!! 
 
 

Good aesthetics 

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 1 

FIGURES / PHOTOS OF THE CONNECTION SYSTEMS 
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Example 2: Post-to-beam 

 

In this case, two connection types were analysed. The first type corresponds to the connection between 

the metallic plate and the post, and the second type corresponds to the connection between the metallic 

plate and the beam. The node, in this case represented by the metallic part, consists of one or more parts 

that have to be connected to the post or the beam, or both.  

 

The following are two examples of connection calculations done for lag-screws and bolts, for design 

loads of 59.0 kN and 9.0 kN, respectively. The two cases correspond to the post located at the intersection 

A3 shown in Figure II-1. Bearing calculations were done in accordance with CSA O86-09 provisions for 

lag-screws and bolts.  

 

   
 

Figure II- 1 Location of connections for the post-to-beam examples 
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Case A, Longitudinal beams 

 

Metallic plate-to-post 

 

This loading situation assumes the fasteners work parallel to the wood grain. In such cases, and only for 

bolted connections, two failure modes are possible, bearing and row-shear out; whereas for lag-screws, 

bearing is the only possible failure mode. Figure 3 is an extract of an Excel file designed to calculate the 

failure modes, identify the minimum value, and to determine the efficiency of the design process.  

 

 
 

Figure II- 2 Example of an Excel spreadsheet for Parallel loading – Metallic plate-to-post 
 

 

Bearing failure modes for Lag screw connection (Clause 10.6.6.1.2) - Post A3 

 

= 1005*15.9*6.35 = 101.5 kN 
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= 20.6*15.9*143.1 = 46.9 kN 

 

= 1005*15.92*(((1/6)*(20.6/(1005+20.6))*(310/1005))0.5 + 0.2*(6.35/15.9)) = 28.5 kN 

 

= 1005*15.92*(((1/6)*(20.6/(1005+20.6))*(310/1005))0.5 + 0.2*(143.1/15.9)) = 465.5 kN 

 

= 1005*15.92*(1/5)*((6.35/15.9) + (20.6/1005)*(143.1/15.9)) = 29.7 kN 

 

= 1005*15.92*((2/3)*(20.6/(1005+20.6))*(310/1005))0.5 = 16.3 kN   =   pu ,   GOVERNS!!! 

Where, 

dF  = lag screw diameter, mm 

f2  = embedding strength of main member, MPa 

 = 50G(1-0.01dF) for parallel-to-grain member, MPa 

    22G(1-0.01dF) for perpendicular-to-grain, MPa 

  Where,  

   G = mean relative density (Table A.10.1) 

 

t2 = length of penetration into main member, mm (Clause 10.6.3) 

fy = lag screw yield strength, MPa 

 = 480 MPa for 1/4 in diameter lag screws 

 = 410 MPa for 5/16 in diameter lag screws 

 = 310 MPa for 3/8 in or greater diameter lag screws 

 



Effective Connection Systems in Timber Assemblies – TT.1.05 201002773 

 

 

 
 FPInnovations. All rights reserved. 

®  FPInnovations, its marks and logos are registered trademarks of FPInnovations. 

II-4 of 14 

 

For steel side plates: 

f1 = embedding strength of steel plate, MPa 

 = 3 x fu x ( steel / wood) 

  Where, 

   fu = ultimate tensile strength of steel, MPa 

      = 400 MPa for ASTM A36/A36M steel 

      = 450 MPa for CSA G40.21 steel, Grades 300W and 350W 

        steel = resistance factor for steel members in lag screw connection 

      = 0.67 

       wood = resistance factor for wood member in lag screw connection 

      = 0.60 

 

t1 = side plate thickness, mm 

 

Finally, the factored lateral strength resistance according to Clause 10.6.6.1.1 is shown below: 

 

 
 

Where, 

 = 0.6 

 

nF = number of fastening in a group 

JG = factor for groups of fastenings (Tables 10.2.2.3.4A and Tables 10.2.2.3.4B) 

JPL = factor for reduced penetration  

 = 0.625 for penetration of 5dF and 1.0 for 8dF (for intermediate values, interpolate linearly) 

 

 

Pr  = 0.6*16.3*8*0.97*1.0 = 75.9 kN > 59.0 kN (Design Load) 
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Metallic plate-to-beam 

The metallic node is connected to the beam. This connection can be subjected to vertical loads (gravity 

and/or uplift) and/or horizontal loads acting along the axial axis of the beam. For the first case, only 

gravity loads were considered because the forces acting on the axial direction were not available at the 

time. This connection needs to be verified for three possible failure modes:  bearing, splitting, and shear. 

Figure 3 is an extract of an Excel file developed to calculate the failure modes, identify the minimum 

value, and to determine the efficiency of the design process. 

 

 
 

Figure II-3 Example of Excel spreadsheet for Perpendicular loading – Metallic plate-to-

beam 
 

 

Bearing failure modes for Dowel connection – Double shear (Clause 10.4.4.3.2) - Post A3 

 

 

= 9.4*12.7*61.8 = 7.4 kN 
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= 0.5*1005*12.7*6.35 = 40.5 kN 

 

= 9.4*12.72*(((1/6)*(1005/(9.4+1005))*(310/9.4))0.5 + 0.2*(61.8/12.7)) = 5.0 kN = nu, GOVERNS!!! 

 

= 9.4*12.72*((2/3)*(1005/(9.4+1005))*(310/9.4))0.5 = 7.1 kN 

 

Where, 

f1, f2  = embedment strength of members 1 and 2 calculated in accordance with Clause 10.4.4.3.3, 

   where member 1 is the side member 

Where, 

  = 50G(1-0.01dF) for parallel-to-grain member, MPa 

     22G(1-0.01dF) for perpendicular-to-grain, MPa 

   Where,  

    G = mean relative density (Table A.10.1) 

 

dF = diameter of fastener, mm 

t1, t2 = member thickness or dowel-bearing length in accordance with Clause 10.4.2.2, mm 

fy = yield strength of fastener in bending, in accordance with Clause 10.4.4.3.3.3, MPa 

 

The factored lateral strength resistance according to Clause 10.4.4.3.1 is shown below: 

 

 
 

Where, 

y =resistance factor for yielding failures 

= 0.8 

nu = unit lateral yielding resistance, N (Clause 10.4.4.3.2) 

ns = number of shear planes in the joint 

nf = number of fasteners in the joint 

 

Nr  = 0.8*5.0*2*8 = 64.2 kN 
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Brittle failure modes for Dowel connection – Perpendicular-to-grain splitting resistance (Clause 10.4.4.7) 

- Post A3 

 

The total factored splitting resistance of a joint shall be calculated as the sum of the splitting resistance of 

the wood members resisting the load and shall be the following:  

 
 

The factored perpendicular-to-grain splitting resistance of wood member i, N, shall be calculated as 

follows: 

 
  Where, 

   w = resistance factor for brittle failures 

        = 0.7 

        
   Where, 

      t = member thickness, mm 

    de = effective member depth, mm 

        = d – ep 

    Where,  

      d = member depth, mm 

     ep = unloaded edge distance, mm 

 

QSrT  = 2*0.7*14*61.8*(468.6/(1-(468.6/494)))
0.5

 = 115.6 kN 
 

 

Brittle failure modes for Dowel connection – Verification of member shear resistance (Clause 10.2.1.4 

and 6.5.7.2.1b) - Post A3 

 

 
Where, 

= 0.9 

Fv = fv(KDKHKSvKT) 

  Where, 

   fv = specified strength in shear, MPa (Table 6.3) 

           KD = load duration factor (Clause 4.3.2 and 4.3.2.2) 

           KH = system factor (Clause 4.3.5) 

          KSv = service condition factor for shear 

           KT = treatment factor (Clause 4.3.4) 

 

Ag = gross cross-sectional area of the member, mm2 (in this case the gross section equals the  

   product of the thickness (t) multiplied by the effective member depth (de) 

KN = notch factor (Clause 6.5.7.2.2) 

 

Vr = 2*0.9*2.0*(2/3)*61.8*468.6 = 69.6 kN 
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Finally, the lower resistance value corresponds to the bearing failure equal to 64.0 kN > 59.0 kN (Design 

Load) 

 

QSrT 
> 

Vr 
> 

Nr 
> 

Design Load 

115.6 kN 69.6 kN 64.0 kN 59.0 kN 
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Case B, Transverse beams 

 

Metallic plate-to-post 

 

Bearing failure modes for Dowel connection – Double shear (Clause 10.4.4.3.2) - Post A3 

 

= 1005*9.5*5 = 47.7 kN 

 

= 22.2*9.5*130 = 27.4 kN 

 

= 1005*9.52*(((1/6)*(22.2/(1005+22.2))*(310/1005))0.5 + 0.2*(5/9.5)) = 12.6 kN 

 

= 1005*9.52*(((1/6)*(22.2/(1005+22.2))*(310/1005))0.5 + 0.2*(130/9.5)) = 251.3 kN 

 

= 1005*9.52*(1/5)*((5/9.5) + (22.2/1005)*(130/9.5)) = 15.0 kN 
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= 1005*9.52*((2/3)*(22.2/(1005+22.2))*(310/1005))0.5 = 6.0 kN   =   nu ,       GOVERNS!!! 

 

The factored lateral strength resistance according to Clause 10.4.4.3.1 is shown below: 

 

 
 

Nr  = 0.8*6.0*1*4 = 19.2 kN 
 

 

Brittle failure modes for Dowel connection – Row shear resistance (Clause 10.4.4.4) - Post A3 

 

The total factored shear resistance of a joint shall be calculated as the sum of the factored row shear 

resistance of the wood members resisting the load, as follows: 

 
 

The total factored row shear resistance of fasteners in a wood member i shall be calculated as follows: 

 
Where, 

w = resistance factor for brittle failures 

 = 0.7 

PRij min = minimum row shear resistance of any row in the connection from PRi1 to PRinR 

nR =number of fastener rows 

PRij = shear resistance of fastener row j in member i, N 

 = 1.2 fv Kls t nc acr i 

  

Where, 

  fv   = specified strength in shear for member i, MPa 

     = specified longitudinal shear values in Tables 5.3.1A, 5.3.1C, 5.3.1D, and 6.3, or  

         0.6x the specified longitudinal shear values in Table 5.3.1B 

Kls = factor for member loaded surfaces (see Figure 10.4.4.4) 

     = 0.65 for side member 

     = 1.0 for internal member 

t    = member thickness, mm 

nc  = number of fasteners in row j of member i 

acr i = minimum of aL and SR for row j of member i, mm (see Figure 10.4.3.1) 

 

PRrT  = 2*(0.7*1.2*2*0.65*130*2*38) = 21.6 kN 
 

Finally, the minimum calculated resistance corresponds to the bearing capacity equal to 19.2 kN > 9.0 kN 

(Design Load) 

 

PRrT 
> 

Nr 
> 

Design Load 

21.6 kN 19.2 kN 9.0 kN 
 

Metallic plate-to-beam 
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Bearing failure modes for Dowel connection – Double shear (Clause 10.4.4.3.2) - Post A3 

 

 

= 9.8*9.5*61.8 = 5.7 kN 

 

= 0.5*1005*9.5*6.35 = 30.3 kN 

 

= 9.8*9.52*(((1/6)*(1005/(9.8+1005))*(310/9.8))0.5 + 0.2*(61.8/9.5)) = 3.2 kN = nu, GOVERNS!!! 

 

= 9.8*9.52*((2/3)*(1005/(9.8+1005))*(310/9.8))0.5 = 4.0 kN 

 

The factored lateral strength resistance according to Clause 10.4.4.3.1 is given below: 

 

 
Nr  = 0.8*3.2*2*4 = 20.2 kN 
 

 

 

 

 

 

Brittle failure modes for Dowel connection – Perpendicular-to-grain splitting resistance (Clause 10.4.4.7) 

- Post A3 

 

The total factored splitting resistance of a joint shall be calculated as the sum of the splitting resistance of 

the wood members resisting the load and shall be the following:  
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QSrT  = 2*0.7*14*61.8*(247/(1-(247/266)))
0.5

 = 71.3 kN 
 

 

Brittle failure modes for Dowel connection – Verification of member shear resistance (Clause 10.2.1.4 

and 6.5.7.2.1b) - Post A3 

 

  
 

Vr = 2*0.9*2.0*(2/3)*247*61.8*1.0 = 36.6 kN 
 

 

Finally, the minimum resistance value corresponds to the bearing resistance equal to 20.2 kN > 9.0 kN 

(Design Load) 

 

QSrT 
> 

Vr 
> 

Nr 
> 

Design Load 

71.3 kN 36.6 kN 20.2 kN 9.0 kN 
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Example 3: Roof beam-to-post 

 

  
 

Figure II-4 Example of Excel spreadsheet for Bearing loading 
 

 

Case A, Longitudinal beams 

 

The connection between roof beams and posts is calculated following two ways. The first one 

corresponds to the vertical loads acting on the gravity direction (dead load, snow load, etc.), while the 

second is associated with the uplift forces due to wind; in which case it is necessary to calculate bearing 

plates and doweled connections to prevent uplift of the roof. The first example considers the calculation 

of the bearing plate underneath the beam, and the second represents the calculation of the connection with 

concealed plate for uplift forces. 

 

Beam-to-metallic plate over the post (bearing) 

 

Bearing Plate Calculations using Clause 6.5.9.2 - Post A3 

 

Using the equation shown below, it is possible to determine the length of the plate, taking the “post 

thickness” as being the width of the bearing plate (wb). 

 

 
 

Where, 

= 0.8 

Fc = fcp(KDKScpKT) 

  Where, 

     fcp = specified strength in compression perpendicular to grain, MPa (Table 6.3) 

    KD = load duration factor (Clause 4.3.2 and 4.3.2.2) 

  KScp = service condition factor for compression perpendicular to grain 

    KT = treatment factor (Clause 4.3.4) 

 

Ab = bearing area, mm² (lb • wb, as shown in Figure II-5) 
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KB = length of bearing factor (Clause 5.5.7.6). This factor was taken as being equal to 1.0 (worst 

    case) 

KZcp = size factor for bearing, where the depth is the thickness of lamination (Clause 5.5.7.5). This  

     factor was taken as being equal to 1.0 

 

lb lb

wb

 
 

Figure II-5 Example of Excel spreadsheet for Bearing loading 
 

In this case, the Design Load in Figure II-4 (90.0 kN in the red box) is equivalent to Qr, while the 

unknown is the length of the bearing plate. So, the equation shown above for factored compressive 

resistance perpendicular to grain can be reformulated in terms of lb • wb instead of Ab. Then, arranging the 

members, lb can be obtained as follows: 

 

lb = (Qr * 1000)/(0.8*  fcp * KD * KScp * KT * wb * KB) =  ? 
 

KD, KScp, KT were taken as being equal to 1.0 for this example. 

 

Then, 

 

lb = (90.0*1000)/(0.8*7.0*130) =  123.6 mm 
 

With this value the bearing area Ab was calculated as equal to lb • wb 

 

Ab = 123.6*130 = 16068 mm² 
 

The thickness of the plate (ts) was fixed at 9.5 mm and the area of the post section is equal to 39520 mm². 

The full post section area will be used to provide bearing resistance to load coming from the beam. 
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Discussion Paper Prepared for Fastening Subcommittee, CSA O86 

 

Axial Tensioning in Bolted Timber Connections 

A Preliminary Proposal 

 
By 

M. Mohammad, W. Munoz, P. Quenneville, A. Salenikovich 

 

Summary 

 
Unlike the recently revised provisions for nails and screws in CSA O86-09, yielding equations for 

lateral resistance of bolted timber connections do not account for axial tensioning effect. Several 

configurations of bolted connections have been investigated to verify the contribution of that 

effect into the failure modes, which involve yielding of the fastener. Results have indicated that 

average load capacities for connections with single or double bolts were 1.3 to 4.0 times higher 

than for those tested with dowels, depending on the type of connection configuration (i.e., WSW, 

WWW or SWS), slenderness ratio and loading direction relative to grain.  Comparison of the test 

results with load capacities calculated using Eurocode 5 approach accounting for the tensioning 

effect showed that it could be conservatively adopted in CSA O86 for certain yield modes. 

 

Rationale 

 
Generally, it is considered that bolts in timber connections behave structurally like dowels or drift 

pins; however, there are some differences (Madsen 2000). A plain dowel/drift pin behaves like a 

simple beam with pinned support, while a bolt secured with a nut acts more like a beam with 

fixed ends. The nut and head supported by a steel side plate or a washer provide an additional 

rotational resistance and a plastic hinge may be formed near the surface of the side member 

(Figure 1). The bending and tensile forces developed in the fastener tend to pull it out of the holes 

in the members. However, with the formation of plastic hinges, the residual strength of the 

connection will increase if sufficient withdrawal resistance exists due to fasteners threads (in case 

of screws and lag bolts) or heads and nuts (in case of bolts). The overall capacity of the 

connection increases with the increase of the axial tensioning and frictional forces and the 

formation of additional plastic hinges. The ultimate failure occurs when the withdrawal resistance 

is exceeded or the ultimate strength of the fastener or of the joint member is reached. 

 

In testing timber connections with bolts, residual strength has been observed in connections 

exhibiting certain ductile failure modes (Mohammad et al. 2002). Typical load-slip curves from 

tests shown in Figure 2, demonstrate the additional lateral load capacity due to axial tensioning 

effect when bolts are used vs. dowels in a typical timber connection.  
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(a) (b) 

Figure 1. Typical ductile failure modes for SWS and WSW timber connections with high 

slenderness ratio: (a) with dowels and (b) with bolts 
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Figure 2. Load-slip curves for timber connections with dowels and bolts 
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In connections with nails and screws, the magnitude of axial force that develops in the fastener 

depends mainly on the withdrawal or head pull-through resistances of the point or head side 

members, whichever controls. Typically, in wood-to-wood connections with threaded nails, the 

withdrawal resistance depends on the head pull-through resistance which is directly related to the 

head diameter and the timber density of the head-side member (Thelandersson and Larsen, 2003). 

In steel-to-timber connections with relatively thick metal side plates, the nail head pull-through 

does not occur. So the tensile force in the nail is either limited by the withdrawal resistance from 

the point-side member or the ultimate tensile strength of the nail shank. The withdrawal 

resistance in general, depends on the shank surface and strength as well as on the anchoring effect 

of the fastener end.  The additional lateral strength is particularly prominent for joints with 

threaded fasteners, such as screws, which tend to draw the members together, even at low 

deformation level, generating significant friction. 

 

Several researchers in Europe have investigated the axial tensioning effect and quantified its 

contribution to the resistance of timber connections with metal fasteners. Results from research 

conducted by Kuiper and van der Put (1982) on long nails with threaded shanks (as reported by 

Thelandersson and Larsen, 2003) have indicated that the capacity increased 2.5 times that 

predicted by the European yield model (EYM) equations for dowel-type fasteners. Görlacher 

(1995) presented results from tests on single shear steel-to-timber connections with annual ringed 

shank nails confirming the increase in the residual capacity with the increasing length of 

penetration of the nail shank in the main timber member.  

 

 Axial tensioning Effect in Eurocode 5 (EN 2006), “Rope Effect” 

 
In Eurocode 5, design provisions for calculating the lateral load carrying capacity for timber-to-

timber and steel-to-timber connections are based on Johansen yield theory, which is often referred 

to as EYM. In addition, certain design equations include the axial tensioning effect (referred to as 

“rope effect”) in cases where failure modes are associated with the development of plastic hinges 

due to yielding of the fastener. In such cases, the design equations consist of two parts: one that 

deals with the typical Johansen yield theory for dowels and the second covers the axial tensioning 

effect. The contribution from the rope effect is taken as one quarter of the axial withdrawal 

capacity of the fastener but is limited by a certain percentage of the Johansen part of the equation 

(see Table 1). If the axial withdrawal resistance of the fastener is unknown, the contribution of the 

rope effect is not considered.   

 

 

Table 1. Limitations on contribution of the rope effect to the lateral resistance in timber 

connections (EN 2006) 
 

Type of fastener % Contribution to EYM equations 

Round nails 15% 

Square nails 25% 

Other nails 50% 

Screws 100% 

Bolts 25% 

Dowels 0% 

 

For example, for timber connections with bolts, the contribution of the rope effect is determined 

using provisions for bolts subjected to axial loading (EN 2006). The axial resistance is taken as 

the minimum value of the load-bearing capacity of the washer or the steel plate and the bolt 
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tensile strength. The bearing capacity of a washer is calculated as 3 times the compressive 

strength perpendicular to grain of the wood side member. The bearing capacity of a steel plate per 

bolt should not exceed that of a circular washer with a diameter which is the minimum of 12 

times the plate thickness and 4 times bolt diameter. 

 

Lateral Resistance and Axial Tensioning Effect in CSA O86-09 (CSA 2009) 
 

The EYM approach has been adopted in CSA O86 for calculating the yielding resistance of 

dowel-type fasteners, including nails, wood screws, drift pins, lag screws, bolts and dowels. 

Design provisions for bolts and dowels, and for nails have been revised and new design 

provisions for wood screws have been introduced in CSA O86-09. While the axial tensioning 

effect for wood screws and nails has been taken into account through adjustment of the 

embedment strength, it has not been applied to bolts. It is assumed that the axial tensioning effect 

can be applied to yielding modes (d), (e), and (g), where plastic hinges are developed in the 

fasteners (Figure 3).   

 

An experimental testing program was launched at FPInnovations in 2009 to evaluate the axial 

tensioning effect in bolted connections. Another objective of this study was to validate the 

European approach and explore the possibility of either adopting it as is or to propose a modified 

approach to the calculations of the additional lateral resistance. Results were presented to the 

2010 Annual CSA O86 meeting in Ottawa. Additional verification tests to study the behaviour of 

multiple bolted connections, the magnitude of slip associated with the addition of the axial 

tensioning component and the effect of loading type were requested. This report has been updated 

to include results on multiple bolts and information related to the connection slip as requested by 

the SC members. More tests are planned in the future to deal with the effect of loading type. 

Potentially, a code change proposal will be developed based on findings from this study.  

 

Test program 
 

The test program covered wood-steel-wood (WSW), wood-wood-wood (WWW) and steel-wood-

steel (SWS) connections. Two types of glulam were used in the tests. Douglas-Fir (DF) glulam 

20f-EX grade, and Nordic-Lam. Nordic-Lam glulam composed mainly of black spruce wood 

(with oven-dry density of approximately 530 kg/m
3
). For WWW connections, DF glulam was 

used as the main member while nominal 2x6 DF lumber was used as the side members. Two 

types of fasteners, bolts and dowels, 12.7 mm in diameter were used. All series were tested with a 

single bolt or dowel; in addition, two WSW series where tested with two bolts or dowels in a 

single row. Wood members of two different thicknesses were tested to force yielding failure 

modes at different slenderness ratios (t/d). Steel plates were 10 mm in thickness. Metal washers 

of standard cut steel of 35.0 mm in diameter and 3.0 mm in thickness were used in all connections. 

Nuts were hand tightened. Connections were tested in the directions parallel and perpendicular to 

the wood grain. The bolts were equipped with a load cell of 35.0 kN capacity to measure the axial 

force in the fastener. The load cell was separated from the side member surface by a washer and a 

sleeve. Ten specimens per series were tested, with a total of 180 specimens. The test matrix is 

given in Table 2. Typical test set-ups for bolted connections loaded parallel and perpendicular to 

grain are shown in Figure 4. Two LVDTs were used to measure the relative slip between the main 

and side members.  
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Figure 3. Yielding modes for connections with bolts and dowels (CSA O86-09)   

 

 

Table 2. Test matrix 

 

Load 

Direction 
Wood 

Fastener 

t/d 

Configurations and Fasteners 

t 

(mm)  

d 

(mm) 
WSW SWS WWW 

Par 

SPF 

86x190-mm 
86 12.7 6.8 Bolt / Dowel Bolt / Dowel --- 

DF 

80x190-mm 
80 12.7 6.3 -- -- Bolt / Dowel 

SPF 

137x190-mm 
137 12.7 10.8 Bolt / Dowel Bolt / Dowel --- 

SPF 

86x190-mm 
86 12.7 6.8 2x Bolt / 2x Dowel --- --- 

Perp 

SPF 

86x190-mm 
86 12.7 6.8 Bolt / Dowel Bolt / Dowel --- 

DF 

80x190-mm 
80 12.7 6.3 -- -- Bolt / Dowel 

SPF 

137x190-mm 
137 12.7 10.8 Bolt / Dowel Bolt / Dowel --- 
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(a) (b) 

Figure 4. Typical set-up used for testing bolted connections (WSW and SWS) with a load 

cell to measure the axial force in the bolt: (a) loaded parallel to grain; (b) loaded 

perpendicular to grain  

 

 

 

Results and Discussion 

 

Lateral Resistance of Connections   
 

The mean values and the ratios of the ultimate load capacities of the tested bolted and dowelled 

connections are given in Table 3. The dominant failure mode observed during the tests for most 

series was Mode (g), with some failures associated with Mode (d) for certain connections with 

dowels. Generally, bolts loaded parallel or perpendicular to grain were 36 to 86 percent stronger 

than dowels in WSW connections  and up to four times in SWS connections. In WWW 

connections, bolts were stronger than dowels by a factor of 1.8. The average axial tensile force 

developed in bolts varied between 10 and 32 kN in WWW and SWS connections, respectively. 

Figure 5 shows a comparison of the average capacities for dowelled and bolted connections tested 

in both directions.  
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Figure 5. Comparison of average ultimate capacities from tests on connections with bolts 

and dowels loaded parallel or perpendicular to grain with different slenderness ratios 
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Table 3. Average ultimate capacities for dowelled and bolted connections and axial forces in the bolts (kN) 

 

Loading 

Direction 
t/d 

Dowel Bolt  

WSW SWS WWW WSW SWS WWW* Ratio of Fu,B/ Fu,D  

Fu,D Fu,B Fu,Axial Fu,B Fu,Axial Fu,B Fu,Axial WSW SWS WWW 

Par 

6.8 53.2 
(6.2) 

33.7 
(8.5) 

24.3 
(4.3) 

72.2 
(6.7) 

15.9 
(14.0) 

50.4 
(8.8) 

14.2 
(13.8) 

43.4 
(12.7) 

10.0 
(19.2) 

1.36 1.50 1.79 

10.8 54.7 
(7.4) 

24.8 
(4.2) 

--- 101.7 
(5.0) 

24.1 
(9.7) 

99.5 
(4.5) 

31.6 
(7.6) 

--- --- 1.86 4.01 --- 

6.8** 44.2 
(7.2) 

--- --- 58.7 
(8.6) 

8.9 
(23.1) 

--- --- --- --- 1.33 --- --- 

Perp 
6.8 60.8 

(3.4) 
24.9 
(3.4) 

25.0 
(2.5) 

84.5 
(3.9) 

16.4 
(16.7) 

59.7 
(8.5) 

15.1 
(10.3) 

45.9 
(9.2) 

11.6 
(11.0) 

1.39 2.40 1.84 

10.8 57.8 
(3.6) 

32.2 
(11.0) 

--- 102.4 
(5.5) 

20.9 
(9.8) 

86.2 
(4.5) 

29.9 
(9.7) 

--- --- 1.77 2.68 --- 

Fu,D : Average ultimate capacity of dowelled connections 

Fu,B : Average ultimate capacity of bolted connections 

Fu,Axial : Average ultimate axial force in the bolt 

( ) : Coefficient of variation 

* Connections tested with two fasteners in a row  

** WWW tested with t/d = 6.3  



M. Mohammad, W. Munoz, P. Quenneville, A. Salenikovich 

 

Page 9 of 14 

Verification of the Axial Force for Bolted Connections using Eurocode 5 (EN 2006)   

 
According to clause 8.5.2 of Eurocode 5, the axial tensile force in bolt is limited by the load-

bearing capacity of side members of the connection and the bolt tensile capacity. In case of bolted 

connections with wood side plates (WSW and WWW), the axial force in the bolt depends on the 

strength of wood in compression perpendicular to grain under a washer. For connections with 

steel side plates (SWS), limitations are associated with the bearing resistance of side plates or the 

ultimate tensile strength of the bolt, whichever is less. Based on test results, the measured axial 

force in the bolts was compared with the estimated force using Eurocode 5 provisions (Table 4). 

The characteristic axial force from tests (Fax, test) was determined using the 5
th
 percentile test 

values assuming a Weibull distribution with 75% confidence level.   

 

The characteristic values of compression perpendicular to grain strength were taken as 3.75 MPa 

for Nordic-lam glulam and 7.0 MPa for Douglas-fir glulam. No adjustment was made for duration 

of load as both values are based on 5-min. duration. The washer size used in the calculations and 

tests was 35.0 mm in exterior diameter and 3.0 mm in thickness, as reported above. 

 

Table 4. Comparison of characteristic axial tensile forces in bolts as measured vs. Eurocode 

5 calculations 
 

     Fax, test Fax,Rk      
Ratio 

Fax,Rk  / Fax, test   
Loading 

Direction 
t/d (kN) (kN) 

WSW 

Par 
6.8 

9.57 9.09 0.95 

Per 9.51 9.09 0.96 

Par 
10.8 

18.80 9.09 0.48 

Per 15.68 9.09 0.58 

Par* 6.8 4.52 9.09 2.01 

SWS 

Par 
6.8 

9.06 42.75 4.72 

Per 10.62 42.75 4.03 

Par 
10.8 

26.71 42.75 1.60 

Per 22.35 42.75 1.91 

WWW 
Par 

6.3 
4.86 16.97 3.49 

Per 8.72 16.97 1.95 

 
Fax, test : Measured characteristic axial force  
Fax,Rk   : Predicted characteristic axial force  

* Connections tested with two fasteners in a row  

 

 

The bearing resistance of the steel side plates in SWS connections and the tensile strength of the 

bolts were calculated using provisions given in Clause 13.10 of the Canadian Steel Design 

Standard (CAN/CSA S16). The bearing strength of the steel plates was taken as 1.5·Fy·A, where 

Fy = 310 MPa is the yield strength of steel and A is the net area of a steel washer with diameter 

equal 12 times the thickness of the plate or 4 times bolt diameter, whichever is less. The tensile 

strength of the bolts was calculated as 0.75AbFu., where Ab is the bolt section area and Fu is the 

ultimate tensile strength for the bolt grade (450 MPa). 

 

For WSW connections with 6.8 slenderness ratio, the measured axial forces were found very 

similar to the predicted values. For 10.8 slenderness ratio, the measured forces were nearly twice 
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as high as predicted. In SWS connections, the estimated axial force, governed by the tensile 

strength of the bolt, was two to four times higher than the measured values. Hence, it is 

reasonable to assume that actual contribution of the axial tensioning effect is limited to 1/4 of the 

axial capacity of the connection.  
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Figure 6. Comparison of the characteristic axial tensioning force in the bolt from tests and 

calculated axial resistance using Eurocode 5 

 

 

 

 
Calculation of the Rope Effect Contribution using Eurocode 5 

 

Table 5 shows the estimate of the rope effect contribution to the lateral resistance of bolted 

connections according to Eurocode 5. The Johansen part of the lateral resistance (FJ) is calculated 

using the yielding equations as per CSA O86-09 provisions and adjusted to 5-min load duration. 

The axial force in the bolt is determined using the minimum of the bearing strength of the side 

members and the tensile strength of the bolts (Fax,Rk) as discussed above. One quarter of this force 

is considered to contribute to the rope effect. Besides, this contribution is limited by 25% of the 

Johansen part  (FJ/4) according to Eurocode 5.  

 

Comparison of Fax,Rk vs. FJ in Table 5 shows that the axial tensioning effect would be limited by 

the bearing strength of side members (Fax,Rk/4) in WSW connections and by the Johansen part 

(PJ/4) in SWS and WWW connections.  
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Table 5. Axial tensioning effect contribution for tested connections  

 

     Fax,Rk FJ Ratio 

 
Loading 

Direction 
t/d (kN) (kN) MIN(Fax,Rk,FJ) 

WSW 

Par 
6.8 

9.09 26.00 2.86 

Per 9.09 15.00 1.65 

Par 
10.8 

9.09 28.00 3.08 

Per 9.09 18.00 1.98 

SWS 

Par 
6.8 

42.75 28.00 0.65 

Per 42.75 14.00 0.33 

Par 
10.8 

42.75 28.00 0.65 

Per 42.75 18.00 0.42 

WWW 
Par 

6.3 
16.97 15.00 0.88 

Per 16.97 9.00 0.53 

 

 

Verification of the Calculated Axial Tensioning Effect using Experimental Results 

 
In Table 6, the 5

th
 percentile test values of bolted connections (FB) are compared with those of 

dowelled connections (FD) augmented by the characteristic values of axial tensioning effect (QR) 

calculated as per Eurocode 5. The ratio FB/(FD + QR) varied between 1.16 and 3.18. Higher ratios 

were associated with higher slenderness ratio. This comparison indicates conservatism in the 

estimation of the load capacity of the bolted connections using the EC5 approach for the 

calculation of the axial tensioning effect contribution.  

 

Table 6. Verification of the axial tensioning effect using test results 

 
FD : Characteristic strength from tests with dowels 

QR : Contribution due to rope effect (Minimum of Fax,RK /4 and FJ/4) 

FB : Characteristic strength from tests with bolts 

* Connections tested with two fasteners in a row  

 

 
Loading 

Direction 
t/d 

FD 

(kN) 

QR 

(kN) 

FD + QR 

(kN) 

FB 

(kN) 

Ratio 

FB / (FD + QR) 

WSW 

Par 
6.8 

45.01 2.27 47.28 59.19 1.25 

Per 54.06 2.27 56.33 73.22 1.30 

Par 
10.8 

44.64 2.27 46.91 86.35 1.84 

Per 51.53 2.27 53.80 91.21 1.70 

Par* 6.8 34.18 2.27 36.46 47.02 1.29 

SWS 

Par 
6.8 

25.04 7.00 32.04 37.31 1.16 

Per 22.32 3.50 25.82 43.95 1.70 

Par 
10.8 

21.58 7.00 28.58 90.90 3.18 

Per 21.81 4.50 26.31 72.49 2.75 

WWW 
Par 

6.3 
21.35 3.75 25.10 29.09 1.16 

Per 23.37 2.25 25.62 36.24 1.41 
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Comparison of the 5
th
 percentiles of the lateral load resistance per bolt (FB) or dowel (FD) 

obtained from tests and characteristic values calculated using CSA-O86 yielding equations (FJ) is 

given in Table 7. Results indicate that the characteristic values are much more conservative for 

bolts than for dowels in both loading directions (i.e., parallel and perpendicular to grain). It 

should be noted that the test values for dowels in SWS connections loaded parallel to grain were 

lower than predicted. It occurs when the dowels pull out of the side plates at high deformations, 

which precludes the development of full load capacity. It should noted thought, that in practice, 

dowels are never used in SWS connections with out some kind of restrain against pull out. This 

configuration, nevertheless, was tested, to demonstrate differences between the bolts and dowels. 

This phenomenon warrants further investigation in the future.  
 

 

Table 7. Comparison of the lateral capacity of dowelled and bolted connections from tests 

and those calculated using CSA O86-09 

 
Loading 

Direction 
t/d 

FJ 

(kN) 

FD 

(kN) 

Ratio 

FD / FJ 

FB 

(kN) 

Ratio 

FB / FJ 

WSW 

Par 
6.8 

26.00 45.01 1.73 59.19 2.28 

Per 15.00 54.06 3.60 73.22 4.88 

Par 
10.8 

28.00 44.64 1.59 86.35 3.08 

Per 18.00 51.53 2.86 91.21 5.07 

Par 6.8* 26.00 34.18 1.31 47.02 1.81 

SWS 

Par 
6.8 

28.00 25.04 0.89 37.31 1.33 

Per 14.00 22.32 1.59 43.95 3.14 

Par 
10.8 

28.00 21.58 0.77 90.90 3.25 

Per 18.00 21.81 1.21 72.49 4.03 

WWW 
Par 

6.3 
15.00 21.35 1.42 29.09 1.94 

Per 9.00 23.37 2.60 36.24 4.03 

 
FJ : Characteristic strength of the connection calculated with CSA O86. 

FD : Characteristic strength from tests with dowels 

FB : Characteristic strength from tests with bolts 

* Connections tested with two bolts or dowels  

 

 

 

Slip of Bolted and Dowelled Connections  

 

Characteristic deformations of the tested connections are analyzed in Table 8. In this table, the 

factored resistance values (Ffact) are the 5
th
 percentile test values adjusted for the standard duration 

of load (divided by 1.25) and multiplied by a resistance factor (φ = 0.8). The average slip 

corresponding to the factored resistance (∆fact) was determined using individual load-slip curves 

of tested connections. The average yield load (Fyield) and corresponding slip (∆yield) were 

determined using the Yasumura & Kawai rule (Muñoz  et al. 2008). The ratio ∆fact/∆yield serves as 

indicator whether the factored resistance (Ffact) is expected to be achieved above or below the 

yield point of the connection.   
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From Table 8, it can be seen that the deformation capacity of dowelled connections is generally 

significantly less than in corresponding bolted connections. Ffact and Fyield and the respective 

deformations of bolted connections are generally relatively close and ∆fact is below 15 mm; 

however, a few exceptions warrant special attention. In three series, Ffact and ∆fact exceeded 

significantly Fyield and ∆yield. It means that the load capacity in these connections would be 

achieved at large deformations (in excess of 15 mm), which might not be acceptable for certain 

design purposes. Special provisions should caution the designer about the excessive deformability 

of certain connection configurations. 

 

Table 8. Yield points and factored resistance with corresponding deformations 

 

 

Type 
Loading 

Dir 
t/d Fastener 

Fyield ∆∆∆∆yield Ffact ∆∆∆∆fact 
∆∆∆∆fact / ∆∆∆∆yield 

kN mm kN mm 

WSW 

Par 

6.8 
Dowel 34.8 (8) 2.8 (10) 28.81 2.1 0.75 

Bolts 38.8 (4) 4.7 (12) 37.88 4.5 0.95 

10.8 
Dowel 34.7 (12) 5.0 (34) 28.57 3.2 0.63 

Bolts 41.7 (7) 7.8 (24) 55.20 16.8 2.15 

6.8* 
Dowel 26.8 (8) 6.2 (13) 34.60 10.8 1.74 

Bolts 34.6 (5) 9.1 (14) 46.86 16.4 1.80 

Per 

6.8 
Dowel 27.2 (6) 6.4 (11) 32.98 10.0 1.57 

Bolts 42.3 (5) 13.3 (5) 58.37 23.2 1.75 

10.8 
Dowel 59.5 (12) 3.2 (24) 21.88 1.0 0.30 

Bolts 73.3 (7) 3.6 (10) 27.36 1.1 0.30 

SWS 

Par 

6.8 
Dowel 18.9 (7) 2.1 (10) 16.03 1.4 0.69 

Bolts 24.5 (21) 2.3 (45) 23.88 2.2 0.95 

10.8 
Dowel 15.0 (8) 2.3 (14) 13.81 2.1 0.90 

Bolts 48.1 (23) 11.0 (68) 58.18 13.9 1.27 

Per 

6.8 
Dowel 12.4 (7) 2.7 (12) 14.28 4.4 1.62 

Bolts 26.4 (19) 7.8 (25) 28.13 9.1 1.17 

10.8 
Dowel 14.4 (19) 5.3 (11) 13.96 5.2 0.97 

Bolts 39.5 (18) 12.4 (23) 46.39 15.4 1.24 

WWW 

Par 

6.3 

Dowel 14.2 (5) 2.8 (20) 13.67 2.6 0.93 

Bolts 21.0 (9) 3.7 (27) 18.62 2.7 0.74 

Per 
Dowel 12.9 (5) 4.1 (18) 14.96 6.1 1.50 

Bolts 21.7 (9) 6.7 (15) 23.19 7.8 1.17 

Ffact  : factored capacity from test 

∆fact  : Average deformation corresponding to factored capacity from load-deformation curves 

* Connections tested with two bolts or dowels  

 

Alignment of Yielding Equations for Bolts with other Dowel-type Fasteners in CSA 

O86 

 
If the axial tensioning effect is incorporated in the EYM equations for bolted timber connections 

in CSA O86, then it would be desirable to align the current form of the equations for bolts and 

dowels with those for nails, screws and lag bolts. The simplest way of doing it would be to adopt 

the European approach; i.e., to append the EYM equations for modes (d), (e) and (g) with the 
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second part introducing the axial tensioning effect. The format adopted for nails and screws 

design equations could be modified for harmonization purposes. One of the advantages of this 

approach is that the axial tensioning effect component is added separately, as an additional 

component, and designers could exclude it if needed. 

 

 

Conclusions/Recommendations 

 
The following recommendations can be made based on past studies, review of Eurocode 5 and 

findings from current research on timber connections with bolts and dowels: 

 

� The axial tensioning effect (rope effect) does provide additional residual resistance in 

bolted timber connections.  

� Eurocode 5 approach where the contribution of the axial tensing effect is expressed as a 

second component to the Johansen part for specific yield equations could be adopted in 

CSA O86 for calculation of the lateral resistance of bolted connections. 

� Special caution should be included in design recommendations regarding the potential of 

the excessive slip of bolted connections of certain configurations when the axial 

tensioning effect is considered in design. 

� Need to align the design equations for screws, nails and lag bolts with those proposed for 

bolts to ensure that additional capacity due to axial tensioning effect is dealt with on a 

uniform basis for all dowel-type fasteners. 
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LATERAL AND WITHDRAWAL RESISTANCE OF TYPICAL 
CLT CONNECTIONS 
 
 
Williams Muñoz1, Mohammad Mohammad2, Sylvain Gagnon3 
 
 
 
 
 
ABSTRACT: Several buildings have already been erected around the world using CLT which is a good testimony of 
the many advantages that this product offers. While CLT is well-established in Europe, work on the implementation of 
CLT products and systems have just begun in Canada and the US. Various fasteners and connection details are usually 
recommended by the CLT manufacturers. However, no clear details or guidelines on the structural performance of such 
connections are given. This is an exploratory study focused on the evaluation of connection performance in European 
CLT product using normal wood screws and self-tapping screws. The paper provides a comparison of test results and 
estimates calculated following Canadian and European timber design provisions for wood screws and lag screws, in 
addition to proposed approaches for the calculation of connection capacity in CLT using self-tapping screws.  

KEYWORDS: Connections, Cross Laminated Timber, self-tapping screws, lateral resistance, withdrawal resistance 
 
 

1 INTRODUCTION 1 2 3 
Cross Laminated Timber (CLT) is a new generation of 
lightweight and prefabricated systems which has recently 
been increasingly used in construction, especially in 
Europe. The product consists of wood strips (planks) 
stacked crosswise on top of each other (glued or nailed).  
Thicknesses of the panels vary from 50 to 600 mm.  
CLT was first developed and commercially produced in 
Europe in the early 1990’s. Extensive research has been 
conducted in Europe to study the fundamental properties 
of CLT panels, including shear and bending properties 
[1,2,3,4], and fastening capacity [5,6]. More recently, 
testing of full-scale assemblies to evaluate fire [7] and 
seismic [8] performance of CLT buildings has been 
conducted.  
Several low to mid-rise buildings have been constructed 
recently across Europe due to the recent interest from 
designers and specifiers in this product due to the 
advantages that this product offers to the construction 
sector. The relatively high in-plane and out-of-plane 
strength and stiffness properties of the product and the 
two-way action capability similar to a concrete slab 
makes it one of the most promising wood alternatives to 
concrete-steel assemblies, especially for non-residential 
                                                           
1 Williams Muñoz, Research Scientist, Building Systems, 
FPInnovations - Forintek, Québec (QC) Canada. Email: 
williams.munoz@fpinnovations.ca 
2 Mohammad Mohammad, Group Leader, Building Systems, 
FPInnovations - Forintek, Québec (QC) Canada. Email: 
mohammad.mohammad@fpinnovations.ca 
3 Sylvain Gagnon, Research Scientist, Building Systems, 
FPInnovations - Forintek, Québec (QC) Canada. Email : 
sylvain.gagnon@fpinnovations.ca 

and mid-rise construction. Other advantages such as the 
high level of prefabrication and the ease of on-site 
assembly have also been contributing to the success of 
this product.  

2 STATUS OF CLT IN CANADA 
While the CLT product is well-established in Europe, 
there has not been any commercial production of CLT in 
Canada. In Canada, FPInnovations, the wood and 
construction industries, government and universities are 
joining forces and investing great efforts on developing 
the product and building systems where it can be used. 
This is part of the Canadian wood industry objectives to 
provide alternative wood-based products and systems to 
designers which will enable an efficient use of Canadian 
wood fibre and expand the use of wood-based products 
to non-traditional markets (i.e., non-residential, multi-
storey, etc.). The following provides examples of the 
current activities and progress made in Canada on CLT: 
 

 FPInnovations, University of British Columbia 
(UBC) and University of New Brunswick 
(UNB) have been investing a lot of research 
efforts towards the introduction of CLT in 
Canada. 

 CLT production facilities are at a planning stage 
and a Canadian made CLT product is expected 
to be available in the market some time in 2010. 

 A National Steering Committee on CLT led by 
the Canadian Wood Council (CWC),  
FPInnovations, universities, the wood and 
construction industries and government have 
been established 

mailto:williams.munoz@fpinnovations.ca
mailto:mohammad.mohammad@fpinnovations.ca
mailto:sylvain.gagnon@fpinnovations.ca


 Several CLT demonstration design projects 
have been selected to receive funding support 
from Natural Resources Canada (NRCan) 

 A new NSERC network with CLT identified as 
one of the four proposed Themes has been 
launched recently.  

 
Despite extensive research undertaken in Europe, 
additional work is still required if CLT is to become an 
acceptable building product in North America. The work 
reported in this paper is part of major research efforts at 
FPInnovations, aimed at introducing CLT product and 
assemblies to the wood industry, designers and to the 
building industries in Canada. 

3 CONNECTION SYSTEMS IN CLT  
Connections in any structural systems have been known 
to play a major role in providing strength and stability to 
the structural assembly. In Europe, traditional fasteners 
such as nails, lag bolts, wood screws, dowels and bolts 
have been successfully used in connecting wall and floor 
panels in CLT assemblies. Proprietary long self-tapping 
screws, however, are probably the most popular type of 
fastener used in CLT assemblies, especially in multi-
storey constructions. This is mainly due to the quick and 
ease of on-site installation. Other types of modern 
innovative fasteners and fastening systems such as 
glued-in-rods and system connectors have been also 
investigated [9].  
Extensive research has been conducted mainly in Europe 
to evaluate the fastening capacity of different types of 
fasteners in CLT. The cross lamination and the built-up 
nature of the panel in addition to the different product 
characteristics such as the presence of gaps between 
boards and grooves, further complicate the establishment 
of the fastening capacity in such products compared to 
traditional sawn solid lumber or glulam. A 
comprehensive research on the fastening capacity of 
CLT connections was conducted by Uibel and Blass 
[5,6]. The authors studied the fastening capacity of 
traditional fasteners in CLT with the intent of developing 
a calculation methodology to establish the load carrying 
capacity of connections with dowel type fasteners in the 
direction perpendicular to the CLT panel and in their 
narrow side (i.e., edge joints). Embedment tests were 
conducted using different types of CLT products and 
dowel-type fasteners. Empirical models expressed as a 
function of the fastener diameter, wood density and 
loading angle relative to the grain direction of the 
surface lamina were developed based on test results to 
establish the embedment strength of the dowel type 
fasteners loaded in laterally. In principle, different 
models were developed for the different types of dowel 
type fasteners (i.e., nails and screws vs. dowels). This is 
due to the effect of grain direction relative to the load, 
where with slender fastener, the effect of direction of 
grain is negligible. Once the embedment strength 
properties are established, the load carrying capacity in 
accordance to Johansen’s yield model could be 
determined. However, the validity of these models was 

limited to maximum thickness of lamina and thickness 
ratio of the longitudinal and cross layers [5].  
Withdrawal strength of self-tapping screws, typically 
used in connecting CLT panels perpendicular to the 
plane of the panel or in edge, was also investigated by 
Uibel and Blass [6]. The withdrawal resistance was 
derived from tests conducted using self-tapping screws 
with diameters ranging from 6mm to 12mm. The 
location of the screws was selected in such a way to have 
them installed at the joint between two boards within a 
lamina, or between one lamina and another. The 
withdrawal resistance is expressed as a function of the 
screw diameter, wood density and the point side length 
of penetration. It is important to note that when the 
withdrawal capacity of a fastener is calculated in edge, 
the input characteristic density value should be that of 
the lamina in which the fastener is driven, not that of the 
whole panel thickness. Validation tests were performed 
and a reasonable correlation was found between tests and 
predictions. The tests were also used to rationalize the 
required spacing and end and edge distances. Long term 
lateral and withdrawal tests using self-tapping screws in 
end joints are being conducted by the authors to 
determine the long-term behaviour.  
Vessby et al. [10] conducted full size tests to evaluate 
the structural performance of CLT wall-to-wall 
connections. A full single wall element used as “control” 
was compared to partitioned walls which were 
reconnected using two types of connection details, one 
with sawn lumber inserted in the edge of the panels and 
screwed from the surface, while a second one made of 
fibreboard straps which were glued and screwed to the 
panel surfaces. It was shown that for one of the two 
jointing alternatives the connection between the joined 
parts was just as strong and stiff as for the corresponding 
elements without a joint. The weaker alternative of using 
only mechanical connectors and a sawn board as a 
connecting medium is not to be recommended since the 
resulting strength and the stiffness were significantly 
lower  
Connections between CLT floors panels and super 
structure steel elements have been also studied for high-
rise buildings [11]. CLT panels acting as slabs were 
connected through self-tapping screws to typical steel I-
beams. The intent was to verify the suitability of using 
CLT panels as slab elements for high-rise buildings. To 
do so, tests of several connection configurations were 
carried out and results were used to develop a finite 
element model of a 24 storeys building where the 
feasibility of this type of construction was clearly 
established.  
The study reported in this paper is an exploratory work 
conducted in Canada on the connection performance of 
European CLT product using self-tapping screws. The 
key objective was to examine the lateral resistance of 
self-tapping screws in two typical types of floor-to-floor 
joints between panels (spline and lap). Withdrawal 
resistance for typical wall-to-floor joints was also 
evaluated. Another objective was to verify if current 
Canadian design provisions (CSA O86-09) [12] for 
screws and lag bolts could be used to predict the 
connection resistance. Comparisons with design 



approaches developed recently in Europe for connections 
in CLT are discussed.  
Information on strength and stiffness of this kind of 
connection details were also needed in a parallel study 
focused on the evaluation of the vibration performance 
of CLT floors and the lateral load resistance of CLT 
assemblies. A full size 2- storeys high CLT test structure 
planned for construction and testing at FPInnovations 
Laboratory in Vancouver, Canada using European CLT 
product, where information on CLT connections will be 
used.  

4 METHODOLOGY 

4.1 TESTING PROGRAM 
Fifteen (15) series of connection tests were carried out 
using a specially designed set-up for the evaluation of 
the lateral and withdrawal resistance. Floor-to-floor 
connections were tested in two directions (parallel and 
perpendicular to the longitudinal CLT panel axis) as 
shown in Figure 1, with six (6) replicates per series. Two 
self tapping screws for parallel and one for perpendicular 
were used per lap connection specimens. Four wood 
screws were utilized for spline connections in all cases. 
Wall-to-floor connection was also tested to evaluate the 
withdrawal resistance using ten (10) replicates per series.  
  

 

Figure 1: Loading directions for typical floor assemblies 
using CLT panels  

Three different thicknesses of CLT panels were used in 
the floor-to-floor tests: 140mm (5 layers: 34-19-34-19-
34), 182mm (5 layers: 34-40-34-40-34), and 230mm (7 
layers: 34-34-30-34-30-34-34). For the wall elements, 
the panel thickness used was 72mm (3 layers: 19-34-19). 
The bold numbers denote the direction parallel to the 
panel strong axis. 
The floor-to-floor connection details for CLT were either 
a single spline or lap as shown in Figure 2. Those are 
two typical connection details for floor panels 
recommended by European CLT manufacturers. With 
the spline details, LVL splines were fastened to the CLT 
plates with regular wood screws whereas the second 
detail was achieved using self-tapping screws.  
The testing program is given in Table 1, where technical 
data on the type and dimension of wood screws and self-

tapping screws and type of CLT panels tested are 
detailed. 
 

 

Figure 2: Connections used in CLT assemblies. Wall-to-
floor at top, Spline at centre, and Lap at bottom 

Table 1: Testing program 

Loading 
direction 

Thickness 
(mm) Joint 

Screw 
dimensions 

(mm) 
Lap Ø8 x 120 x 80 140 Spline # 10 – 89 
Lap Ø8 x 160 x 80 182 Spline # 10 – 89 
Lap Ø8 x 200 x 80 

Lateral 

Par. 
230 Spline # 10 – 89 

Lap Ø8 x 120 x 80 140 Spline # 10 – 89 
Lap Ø8 x 160 x 80 182 Spline # 10 – 89 
Lap Ø8 x 200 x 80 

Lateral  

Perp. 
230 Spline # 10 – 89 

W140 -- Ø8 x 220 x 80 
W182 -- Ø8 x 260 x 80 Withdrawal 
W230 -- Ø7 x 300 x 85 

 
Figure 3 shows the configuration of the connections 
tested in shear and withdrawal. The length of penetration 
of the self-tapping screws depended on the screw length 
and panel thickness, except for spline connections where 
the penetration of the wood screws was kept at 44 mm. 
Specimens were stored and tested under controlled 



conditions with 50% HR and 20°C. Different speeds of 
testing were used depending on the joint detail and the 
loading direction, to maintain failure within 15 minutes 
or so. LVDTs were used to measure the slip in the 
connection subjected to lateral and withdrawal loads. 
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Figure 3: Connection configurations. Top: parallel; 
centre: perpendicular; bottom: withdrawal 
 
Parameters such as maximum capacity (Pmax), 
deformation at maximum capacity (Δmax), yield load (Py) 
and deformation at yield (Δy), failure load (Pfailure) and 
deformation at failure (Δfailure), dissipation energy 
(wfailure), and elastic stiffness (K), were determined from 
the load-deformation curves for comparison purposes 
(Tables 2 through 4). The yield point was calculated 
using the Yasumura and Kawai method [13] (see Figure 
4). The ductility ratio (μfailure) was determined as the ratio 
between the deformation at failure and the deformation 
at yield.  

 
Figure 4: Top: Load-deformation curve parameters, 
Bottom: Yasumura and Kawai yield point method 

5 RESULTS AND DISCUSSIONS 

5.1 COMPARISON BETWEEN LAP AND SPLINE 
CONNECTION DETAILS 

Comparison of the results from connection tests using a 
lap joint detail and that with a single spline connection 
was made for both loading directions and for the 
different thickness of CLT members used.  

5.1.1 Loading Parallel to Strong Axis 
Analysis of test data on CLT connections loaded parallel 
to the grain of the surface lamina with lap joint detail 
were found generally to outperform those with a single 
spline. The yield load and initial stiffness exhibited a 
similar trend, where values for lap joint details exceeded 
those with spline configurations by a factor of 1.7 to 3.3. 
Dissipated energy was significantly greater for lap 
connections by a factor ranging from 1.7 to 9.0. 
Such differences between lap and the single spline 
configurations could be attributed to the larger thickness 
of the CLT material at the connection and the longer 
length of penetration provided by self-tapping screws 
compared to that of regular wood screws used in the 
single spline connection. From the test results it is 
possible to say that the number of wood screws used to 
fasten the spline connection could not provide the same 
performance obtained with the self-tapping screws used 
in the lap one with the same spacing. A reduction of the 
spacing for the spline connection could help reaching 
similar resistance values as those obtained with self-
tapping screws used for the lap connection. 
Deformations at maximum capacity, at yield and at 
failure, showed a similar trend but differences were less 
pronounced, except for 140mm CLT where Δmax and Δy 
were generally found to be lower for lap connections. On 
the other hand, Δfailure was found to be equivalent for the 
two connection configurations. For connections with 



182mm and 230mm CLT, lap connection performed 
better than single spline. No clear trends could be 
established for ductility ratios (μfailure), however, lap 
connections exhibited more ductile behaviour. 
Nevertheless, both connection configurations can be 
classified as high ductile systems. 

Table 2: Test results – 140mm thick CLT: loading 
parallel to strong axis of the panel 

  140 mm CLT 
Parameter Units Lap Spline 
Pmax kN 10.7 (5) 6.4 (7) 
Δmax mm 25 (14) 31 (19) 
Py kN 5.2 (11) 3.0 (20) 
Δy mm 3 (16) 4 (37) 
Pfailure kN 8.5 (5) 5.1 (7) 
Δfailure mm 41 (4) 40 (17) 
K0-40 kN/mm 2.8 (41) 1.0 (29) 
wfailure kN•mm 353 (4) 207 (26) 
μfailure Δfailure / Δy 15 11 

Number in parenthesis indicates the Coefficient of Variation (%). 
 

Table 3: Test results – 182mm thick CLT: loading 
parallel to strong axis of the panel 

  182 mm CLT 
Parameter Units Lap Spline 
Pmax kN 14.4 (6) 5.5 (13) 
Δmax mm 52 (21) 22 (29) 
Py kN 7.5 (9) 2.4 (9) 
Δy mm 7 (41) 4 (46) 
Pfailure kN 11.5 (6) 4.4 (13) 
Δfailure mm 71 (13) 34 (18) 
K0-40 kN/mm 1.8 (28) 0.9 (74) 
wfailure kN•mm 840 (15) 139 (22) 
μfailure Δfailure / Δy 11 11 

Number in parenthesis indicates the Coefficient of Variation (%). 
 

Table 4: Test results – 230mm thick CLT: loading 
parallel to strong axis of the panel 

  230 mm CLT 
Parameter Units Lap Spline 
Pmax kN 14.6 (14) 6.7 (13) 
Δmax mm 81 (26) 27 (9) 
Py kN 8.5 (18) 2.6 (25) 
Δy mm 7.5 (28) 4 (49) 
Pfailure kN 11.7 (14) 5.3 (13) 
Δfailure mm 103 (7) 29 (8) 
K0-40 kN/mm 2.2 (30) 0.7 (20) 
wfailure kN•mm 1244 (17) 139 (11) 
μfailure Δfailure / Δy 15 11 

Number in parenthesis indicates the Coefficient of Variation (%). 
 
Deformations at maximum capacity, at yield and at 
failure, showed a similar trend but less pronounced, 
except for 140mm CLT where Δmax and Δy were 
generally found to be lower for lap connections. On the 
other hand, Δfailure was found to be equivalent for the two 
connection configurations. For connections with 182mm 

and 230mm CLT, lap connection performed better than 
single spline. No clear trends could be established for 
ductility ratios (μfailure), however, lap connections 
exhibited more ductile behaviour. Nevertheless, both 
connection configurations can be classified as high 
ductile systems. 
Failure modes associated with lap connections were 
found to be different than those with a single spline, 
when tested with load applied in the direction parallel to 
the panel strong axis. For connections with lap 
configuration, the mean failure mode was considerable 
deformation that led to the development of two plastic 
hinges in the connector shank (Figure 5). This failure 
mode has contributed to the high ductility exhibited for 
this type of connection configuration. Considerable 
embedment of the self-tapping screws head into the CLT 
member was also observed. This is an indication that the 
threaded length of the shank was able to hold the axial 
tensile forces generated in the screw without significant 
withdrawal. Such phenomenon is referred to as the “rope 
effect” which generally enhances the lateral load 
resistance of the connection [14]. 
On other hand, spline connections failed, mainly, due to 
failure of the wood screw in shear across the shank. The 
wood-screw shank was basically sheared off in most 
tests in the zone where the threads start.  
 

  
Figure 5: Failure modes for lap and spline connections 

5.1.2 Loading Perpendicular to Strong Axis 
Results from tests on connection specimens loaded 
perpendicular to the strong axis of the CLT are given in 
Tables 5, 6 and 7.  
As can be observed, no differences were found in the 
maximum capacities between the lap and spline 
connection configurations for all CLT panel thicknesses. 
Yield loads were slightly higher for lap connections in 
the 140mm thick CLT, whereas for 182 mm and 230 mm 
thick CLT the differences were found to be negligible 
(approx. 7%). As for initial stiffness, lap connection 
made with 140mm thick CLT was found to have a higher 
stiffness compared to spline connections. However, for 
connections with 182mm and 230mm thick CLT, the 
opposite was found, where initial stiffness values were 
31% and 48% lower than the spline connections values, 
respectively. On the other hand, the stiffness value for 
230mm CLT was found to be considerably higher than 
those observed for 140mm and 182mm thick CLT.  



Energy dissipation was found to be 17% and 27% lower 
for lap connections in the 140mm and 182mm 
respectively compared to connections with 230mm CLT 
members. However, due to the excessive displacement 
experienced at failure using 230mm thick CLT, the value 
for this parameter was 47% higher for the lap 
configuration compared to connections with spline 
detail. 

Table 5: Test results – 140mm thick CLT: loading 
perpendicular to strong axis of the panel 

  140 mm CLT 
Parameter Units Lap Spline 
Pmax kN 6.2 (7) 6.3 (21) 
Δmax mm 15 (25) 22 (17) 
Py kN 3.0 (14) 2.6 (18) 
Δy mm 2 (21) 4 (48) 
Pfailure kN 5.0 (7) 5.1 (21) 
Δfailure mm 20 (40) 25 (19) 
K0-40 kN/mm 2.1 (39) 0.9 (50) 
wfailure kN•mm 101 (56) 121 (40) 
μfailure Δfailure / Δy 9 8 

Number in parenthesis indicates the Coefficient of Variation (%). 
Table 6: Test results – 182mm thick CLT: loading 
perpendicular to strong axis of the panel 

  182 mm CLT 
Parameter Units Lap Spline 
Pmax kN 5.9 (9) 6.3 (15) 
Δmax mm 21 (18) 24 (22) 
Py kN 2.7 (16) 2.8 (7) 
Δy mm 4 (21) 3 (23) 
Pfailure kN 4.8 (9) 5.0 (15) 
Δfailure mm 26 (16) 32 (18) 
K0-40 kN/mm 0.9 (18) 1.3 (39) 
wfailure kN•mm 116 (24) 160 (30) 
μfailure Δfailure / Δy 7 12 

Number in parenthesis indicates the Coefficient of Variation (%). 
Table 7: Test results – 230mm thick CLT: loading 
perpendicular to strong axis of the panel 

  230 mm CLT 
Parameter Units Lap Spline 
Pmax kN 6.5 (7) 7.2 (17) 
Δmax mm 25 (54) 18 (23) 
Py kN 3.2 (21) 3.0 (14) 
Δy mm 4 (52) 2 (16) 
Pfailure kN 5.2 (7) 5.7 (17) 
Δfailure mm 37 (50) 24 (27) 
K0-40 kN/mm 1.1 (52) 2.1 (17) 
wfailure kN•mm 199 (55) 137 (35) 
μfailure Δfailure / Δy 10 14 

Number in parenthesis indicates the Coefficient of Variation (%). 
 
Deformations at maximum capacity and failure were 
generally found to be lower for lap connections with 
140mm and 182mm thick CLT, while relatively higher 
for connections in the 230mm thick CLT. Yield 
deformations, however, did not follow the same trend 
and as they higher for lap configurations for 182mm and 

230mm thick CLT. Ductility ratios for all the thicknesses 
can be classified as “high ductility” for both lap and 
spline configurations. 
The observed failure modes were mainly associated with 
splitting of the CLT central lamina in the fasteners zones 
for both, the lap and spline connection configurations. 
Such similarity can be explained by the type of loading 
combined with the identical edge distances that were 
used for lap and spline connections (25mm as shown in 
Figure 3). More ever, the thickness of the central layer, 
where profiling was made, is reduced from the original 
34mm to 17mm, which lead to high stress concentrations 
due to tension perpendicular to grain which triggered 
splitting during the tests.  
 

  

  
Figure 6: Failure modes observed for lap (top) and spline 
(bottom) connections 

For connections with the spline detail, the LVL spline 
failed sometimes due to the tension perpendicular stress. 
The self-tapping screws used in the lap connections 
showed high deformation as a result of the two hinges 
formed, in addition to the “rope effect” action generated 
due to the axial force in the screws. Failure of wood-
screws due to shear was also evident in the tested spline 
connections. 

5.1.3 Withdrawal Tests 
Results from withdrawal tests are shown in Table 8. 
Judging from the test results, no significant differences 
were found in the withdrawal capacity and the yield 
loads of connections with 140mm or 182mm thick CLT. 
However, with 230mm thick CLT, lower withdrawal 
capacities and yield loads were associated with the 
smaller diameter (7 mm vs 8 mm used with the 140mm 
and 182mm thick CLT). For initial stiffness, the 182mm 
thick CLT reached the highest value followed by the 
140mm thick CLT. The 230mm thick CLT showed the 
lowest average initial stiffness value due to the low 
penetration and the small screw diameter. Energy 
dissipation was found to be higher in 182mm thick CLT 
followed by 230mm and 140mm thick CLT. 
Deformations at maximum capacity and at yield load, 
however, were found equivalent for all thickness, while 
they were considerably different at failure. For example, 



deformation at failure of 230mm CLT connections was 
38% and 23% higher than those reached by 140mm and 
182mm thick CLT,  respectively. This difference 
influenced the energy dissipation value of the 230mm 
thick CLT, which reached a lower capacity, but 
exhibited more ductility. 
The modes of failure were typical withdrawal from the 
wall plate with minimal head embedment in the member 
representing the floor element. 

Table 8: Withdrawal capacity results in CLT 

  CLT 

Parameter Units 140 
mm 

182 
mm 

230 
mm 

Pmax kN 6.1 
(7) 

6.0 
(12) 

4.1 
(6) 

Δmax mm 2.7 
(17) 

3.5 
(17) 

2.7 
(14) 

Py kN 3.4 
(9) 

3.5 
(15) 

2.3 
(12) 

Δy mm 0.4 
(18) 

0.4 
(24) 

0.3 
(23) 

Pfailure kN 4.8 
(7) 

4.8 
(12) 

3.2 
(6) 

Δfailure mm 8 
(23) 

10 
(25) 

13 
(14) 

K0-40 kN/mm 11.4 
(23) 

13.4 
(26) 

9.6 
(27) 

wfailure kN•mm 43 
(25) 

55 
(29) 

48 
(15) 

μfailure Δfailure / Δy 22 31 43 
Number in parenthesis indicates the Coefficient of Variation (%). 
 

5.2 COMPARISON OF TEST RESULTS AND 
EXISTING APPROACHES 

Lateral and withdrawal resistance values from tests using 
self-tapping screws in CLT were compared with 
resistance values calculated using CSA O86-09, 
Eurocode 5 and Uibel and Blass’s proposed approach. In 
the case of the withdrawal resistance, results were also 
compared with estimates calculated following the design 
approach recommended by the manufacturer of the self-
tapping screws.  

5.2.1 Lateral Resistance  
CSA O86-09 [12] design provisions for lag screws and 
wood screws, and Eurocode 5 [14] equations for wood 
screws were used to determine the yielding resistance of 
self-tapping screws of 8mm diameter. Additionally, the 
characteristic embedment strength equation for dowels in 
CLT connections proposed by Uibel and Blass [5] was 
adopted for the calculations (Eq. (1)).  
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Where, 
d  = screw diameter (mm) 
ρk = characteristic density of main member (kg/m³) 

α = angle between the load and grain direction of 
the outer layer 

 
Johansen equations (EYM) were used in the calculations 
with the characteristic density values for CLT as 
determined from tests. For lap connections with self-
tapping screws, the characteristic yield moment value 
(My,Rk in Eurocode 5) was adopted from the technical 
data published by the manufacturer [15]. The yield 
strength of the wood screw (fy in CSA O86-09) was 
calculated using the following expression.  

I
cM

f Rky
y

⋅
= ,  (2) 

Where, I is the moment of inertia and c is the radius of 
the circular section of the screw shank. 
Comparisons of the characteristic values from tests and 
those calculated following CSA O86-09 and Eurocode 5 
approaches and the characteristic values as determined 
using the embedment equations proposed by Uibel and 
Blass [5] are shown in Figure 7.  
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Figure 7: Comparison of the characteristic values from 
lateral load tests and those calculated following CSA 
O86, Eurocode 5 and Uibel and Blass [5] 

The characteristic values from tests were based on the 
lower 5th percentile values assuming a Weibull 
distribution, with a 75% confidence level. No 
adjustments were made for the duration of load. So the 
values are based on the short term laboratory tests.  
Comparisons of test values with estimates using CSA 
O86-09 indicate that the wood screw equations do not 
predict properly the lateral resistance of the connection. 
The lateral resistance as calculated following CSA O86-
09 for wood screws was on average 93% and 92% of the 
characteristic value for parallel and perpendicular 
loadings, respectively. However, in one group (PAR 230 
LAP, in Figure 7), CSA O86-09 approach overestimated 
the capacity of the connection. However, Eurocode 5 
approach tends to underestimate the characteristic value 
as determined from tests (68% on average for both 
loading directions). When the proposed equation by 
Uibel and Blass [5] is used, a good correspondence 
between the characteristic values from test and estimates 
were achieved for both loading directions.  
When lag screws provisions from CSA O86 are used for 
the calculation of the connections capacity, estimates 



indicate some significant differences. This is mainly due 
to the fact that current lag screws provisions for CSA 
O86 are not meant for the design of coarse threaded self-
tapping screws. In this last case, for parallel loading the 
estimates reached 80% of the characteristic value from 
the test while low estimates were observed for 
perpendicular loading. Such comparison lead to the 
conclusion that the proposed approach developed by 
Uibel and Blass [5] is quite reasonable and provide good 
estimate of the lateral capacity of lap connections in 
CLT using self-tapping screws. 
For spline connections the lateral resistance estimates 
from CSA O86-09 standard were found to be 
significantly higher, with averages of 61% to 85% higher 
than the calculated 5th percentile value from tests for 
parallel and perpendicular loading directions, 
respectively. Same trend was observed using Eurocode 5 
approach, with overestimations of 40% and 61%. 
However, it should be remembered that the dominant 
failure modes during the test of spline connections using 
wood screws were those associated with failure of the 
screws in shear, failure in the CLT wood member or the 
spline in splitting due to excessive tension perpendicular 
to grain (i.e., brittle). The current design provisions for 
wood screws in CSA O86-09 and Eurocode 5 are based 
on the European Yield Model, with ductile failure modes 
due to crushing of wood or yielding of the fasteners. It is 
believed that the spline connections in CLT, tested in 
this study, never developed their full capacity in bearing 
due to the premature brittle failure modes (i.e., shear of 
screws and splitting of wood members). Therefore, it is 
not surprising that the test results were found to be 
considerably lower than predictions following CSA O86-
09 and Eurocode 5 standards.  
Observation during the tests as well as a close 
examination of the load-deformation graphs support this 
assumption, where a sudden catastrophic failure 
occurred due to failure of the screws or splitting of wood 
members prior to reaching a plateau.  

5.2.2 Withdrawal Resistance 
Comparisons of the lower 5th% values from tests and 
those values calculated following the withdrawal design 
equations for wood screws and lag screws from CSA 
O86-09 and those from Eurocode 5 were made. 
Moreover, a proposed equation developed by Uibel and 
Blass [6] for withdrawal of self-taping screws from CLT 
was used. Another equation proposed by the 
manufacturer of the screws used in the tests was verified 
as well. This last equation is expressed as a function of 
the penetration length and the screw diameter only 
(unlike standard form of withdrawal equations for 
mechanical fasteners such as screws and nails, which are 
usually expressed as a function of wood-based density). 
The following provides some details on the various 
withdrawal equations used in the analysis. 
 
CSA O86-09 – Withdrawal resistance for wood screws 
(Clause 10.11.5.2) [12] 
 

)(25.168 77.182.0 NLGdY ptw ⋅⋅⋅⋅=  (3)

Where, 
d  = screw diameter (mm) 
G = mean relative density of main member 
Lpt = threaded length penetration in the main 

member (mm)  
 
Eurocode 5 – Characteristic withdrawal capacity for 
screws (Clause 8.7.2) [14] 
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Where, 
d  = screw diameter (mm) 
lef = pointside penetration length of the threaded 

part minus one screw diameter (mm) 
ρk = characteristic density of main member (kg/m³) 
 
Uibel and Blass [6] – Characteristic withdrawal capacity 
for self-tapping screws in CLT 
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Where, 
d  = screw diameter (mm) 
lef = point-side penetration length of the threaded 

part minus one screw diameter (mm) 
ρk = characteristic density of main member (kg/m³) 
ε = angle between screw axis and CLT grain 

direction (equals to 90° in this case) 
 
Würth [15] – Stress in the screw shaft direction (Clause 
3.3.2)  
 

)(10, NdlR efkax ⋅⋅=  (6)

 
Where 
d  = screw diameter (mm) 
lef = point-side penetration length of the threaded 

part minus one screw diameter (mm) 
 
In CSA O86, the basic withdrawal resistance values 
(N/mm) are given for all types of lag screws (Table 
10.6.5.1) under Clause 10.6.5. To obtain the basic 
withdrawal resistances for intermediate diameters (7 mm 
and 8 mm), an interpolation was made using SPF species 
as a reference. The calculated values for basic 
withdrawal resistance were 42.0 N/mm and 35.5 N/mm. 
These values were multiplied by the penetration length 
of the fasteners to determine the specified values and 
were also adjusted to the characteristic short-term 
duration of load by multiplying with 1.25 to enable 
comparison with short-term laboratory tests. Figure 8 
shows comparison of the characteristic withdrawal 
resistance values using the different methods. 
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Figure 8: Comparison of characteristic values from tests 
and standards, proposed manufacturer’s equation 
(Würth) and the equation proposed by Uibel and Blass [6] 

Generally all methods used in this study to calculate the 
withdrawal capacity in CLT tend to over-estimate the 
withdrawal resistance with the exception of CSA O86 
design provisions for lag screws (L-S in Figure 8) which 
seem to provide a reasonable estimate.  
The validity of the proposed equation for calculating the 
withdrawal capacity by Uibel and Blass [6] is limited for 
self-tapping screws, for which the characteristic 
withdrawal strength in solid wood (C24 [16]) exceeds 
the following: 
 

)/(8.91080 262
, mmNf kkax =⋅⋅= −ρ  (7)

 
In applying this equation, the characteristic density needs 
to be as a minimum, equals to 350 kg/m³. However, the 
characteristic density value as determined from the 
testing program reported in this study was 343 kg/m³, 
which is 2% lower than the specified value. That could 
explain the overestimation of the withdrawal resistance 
using Uibel and Blass proposed design equation for self-
tapping screws in CLT. 

6 CONCLUSIONS 
A testing program was carried out to study the behaviour 
of typical connection configurations used for the 
assembly of CLT panels. Typical floor-to-floor and wall-
to-floor connections (i.e., lap and single spline) were 
tested and results are compared with values calculated 
using CSA O86, Eurocode 5 and others. The following 
conclusions can be made. 
 
• Lap connections using self-tapping screws 

performed better than spline configurations with 
normal wood screws, in terms of maximum lateral 
capacity, stiffness and ductility. 

• Comparisons of test results with estimates from 
CSA O86 and Eurocode 5 standards indicated that 
the lateral capacity of lap connections could be 
conservatively predicted following those provisions. 
The equation proposed by Uibel and Blass yields 
reasonable predictions for lateral resistance using 
self-tapping screws for lap connections. However, 

spline configuration was overestimated in all cases. 
The last item is directly related to the brittle failure 
modes observed during the tests of this type of 
connection configuration.  

• Withdrawal calculations using CSA O86 and 
Eurocode 5 provisions, procedure proposed by the 
self-tapping screws manufacturer and proposed 
equations by Uibel and Blass, exhibited different 
degrees of overestimation. Differences in the 
characteristic density value as recommended by 
Uibel and Blass could have caused the discrepancy 
between test results and estimates using Uibel and 
Blass approach. 
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Test Specimens and Set-up 

 

• Two series of 10 specimens each were tested in shear using nails while one series of 5 specimens 

was evaluated using metal shear keys. Three members joint connection set up was used for the 

assembly of each specimen as can be seen in Figures 1 and 2.  Both the central and the side 

members were 4.0 ft long.  

• Two types of power driven nails and panels were evaluated in this testing program.  

- 2 3/8” nails were used to connect 54mm panels (Figure 1) 

- 4” nails or shear keys were used to connect the 88mm panels (Figure 2). 

• In total, 16 nails were used per test specimen, with 8 nails on each connection line (4 nails on each 

side). 12.0” nail spacing was used, with ±1.0” offset between nails on either side of the connected 

panels. 

• Nails were driven at different angles to the panel face at the connection line. The 2-3/8” nails 

were driven at 45
o
 while the 4.0” nails were driven at 55

o
. OSB spline was used as an insert in 

profiled panel edges as can be seen in Figure 3.  Nails were driven through both the panel and the 

OSB spline. 

• 2 steel shear keys were used per specimen (one shear key on each side at 12.0” offset). No nails 

were used to connect the OSB spline to the wood panels. 

• With the 2 3/8” power driven nails used with the 54mm panels, some difficulties were 

encountered during the assembly of the test specimens due to the limited edge distances and the 

driving angle that contributed to the development of some localized splitting prior to testing.  

• For 88mm thick panels, no major problems were encountered during the installation of the 4.0” 

power driven nails. 

• Shear keys were easy to install. Skill saw was used to create the slots in which the metal shear key 

was installed (Figure 4). 

• Two LVDTs were used to monitor deformation and slip between the central and side panel 

members of the connection specimen (one on each side of the assembly) as can be seen in Figure 

5. 

• Testing was conducted as per ASTM D 1761. Tests were displacement driven at such a rate to 

ensure failure within 10-15 minutes. So different testing speed rates were used during the testing 

program  
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Figure 1 Test assembly with connection configurations fabricated with nails 
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Figure 2 Test assembly with connection configurations fabricated with metal shear keys 

 

 

 

 

 
Figure 3 Nails (4.0”) driven at an angle to the panel surfaces using OSB spline 

 

 

 

 

Figure 4 Panel edges were profiled using a skill saw to enable the insertion of the metal keys  
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Figure 5  Test set-up and location of LVDTs  

 

 

Summary of Results 

 

• Generally, high ductility was observed for the three panel-to-panel connection configurations 

tested.   

• Shear capacity of connections specimens made with thick panels (88 mm) using 4.0” nails were 

over 3 times higher than those with 54mm panels and 2-3/8” nails. 

• Separation between side and main members was observed in the 54mm panels with 2 3/8” nails. 

Also, some splitting failures of the panels’ edges due to the deformation of the connection were 

observed.  A summary of test results are given in Table 1 with graphs of load vs. displacement/slip 

shown in Figure 7. 

• For connection assemblies fabricated with 88mm panels with nails, no visible failures were 

observed except those related to the nails deformation.  A summary of results is given in Table 3 

and the load displacement graph is shown in Figure 9. 

• Connections made with steel shear keys achieved the highest average maximum capacity, initial 

stiffness and dissipated energy. The shear capacity of connections assembled with shear keys 

were (on average) over 3 times as stronger as those assemblies with 4.0” nails. A summary of 

results are given in Table 4. Figure 4 shows the typical failure mode experienced with considerable 

wood crushing. Figure 11 shows the load vs deformation graphs for all tested specimens. 

• The deformation of the 88mm panels with shear keys was associated with compression failure in 

the direction of the loading (i.e., parallel to grain) followed by shear parallel to grain. Considerable 

crushing of wood underneath the metal keys was observed. The steel shear keys were deformed 

at failure, contributing in that way to the ductile behaviour of the system. Some separations 

between side and main members were also observed. 
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Derivation of the Design Values 

 

Several approaches to derive design values for fasteners in timber from laboratory tests have been 

developed recently. One of those approaches has recently been proposed by Ian Smith (2002) to both 

ISO and CSA O86. The proposed methodology by Smith (2002) provides standard practice for the 

determining the factored design capacities of structural connections in wood-based materials. Such 

proposed provisions are based on CSA O86-09 approach (Limit States Design principle). ASTM D 5457 

provides some guidance as well to derive the specified design values. Based on those procedure, the 

characteristic value (lower 5
th

 percentile) from laboratory tests on full-size connections based on 95% 

confidence level is calculated using a 2-D Weibull or Normal Distribution (best fit of data). The 

characteristic value is then converted to 75% confidence level and adjusted by a factor of 0.8 to 

convert to standard duration of load. A reliability normalization factor is also introduced at this stage 

and the new value is called the “Specified design value”, in accordance with CSA O86-09.   

 

Same approach has been adopted in this report, where the characteristic value per nail (lower 5th 

percentile at 75% confidence level) was determined from nails tests using a 2-D Weibull distribution 

as per ASTM D 5457 procedure.  The coefficient of variation used was that associated with the lower 

tail of the Weibull distribution. It is expressed as a function of the shape factor as determined from 

the Weibull distribution. The characteristic value was converted into specified values by applying a 

standard load duration factor (0.8). The reliability normalization factor was taken as being equals to 

1.0. 

 

Table 1 Specified design values per nail for both types of nails in Nordic lam as determined 

from connection tests  

 
Type of 
Nail 

No. of 
Tests 

Weibull 
5th%* 

Shape 
Factor 

CVw** 
Characteristic value 

P
5th
 (75%) 

Specified design value 
per nail 

       

4.0” 10 1.934 14.495 0.085 1.793 1.435 

2-3/8” 10 0.506 6.768 0.172 0.431 0.345 
* Lower 5

th
 % from a 2-D Weibull distribution  

** Coefficient of variation based on Weibull’s shape parameter (CVw = α
-0.92

) 

 

 

Recommendations 

 

• Despite the small number of replicates it is possible to affirm that the installation of nails at an 

angle could trigger some problems and may lead to localized splits that could compromise the 

integrity of the system. This could raise some concern especially in the field where the installation 

process is not as controlled as it is in the laboratory.  

• The width of the OSB spline is not sufficient. Need to increase the width of the OSB spline. It might 

be preferable to replace the OSB by plywood to have a better lateral capacity. Driving nails at right 

angle using wider OSB splines should enhance the connection resistance.  
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Table 2 Summary of test results of nailed connection tests - 54mm Panels and 2-3/8” nails 

 

 Yield Point Displacements Ductility Initial Stiffness Capacities Dissipated Energy 

 Y&K ∆∆∆∆max ∆∆∆∆failure ∆∆∆∆max/∆∆∆∆yield ∆∆∆∆failure/∆∆∆∆yield Ka Kb Pmax Pfailure wmax wfailure 

Specimen kN mm mm mm Y&K Y&K kN/mm kN/mm kN kN kN*mm kN*mm 

N-PANEL-54mm-1 5.2 0.9 12.6 28.4 13.7 31.1 13.1 9.8 9.4 7.5 101.2 238.5 

N-PANEL-54mm-2 6.9 0.6 12.6 28.8 21.6 49.4 42.4 36.1 11.4 9.1 126.9 294.8 

N-PANEL-54mm-3 6.9 0.8 13.0 27.9 16.9 36.5 25.7 21.9 11.3 9.0 128.4 281.5 

N-PANEL-54mm-4 5.5 0.9 10.5 32.2 11.3 34.5 13.6 11.0 9.5 7.6 83.6 271.9 

N-PANEL-54mm-5 5.2 1.0 12.4 26.3 12.7 27.0 10.4 8.3 9.1 7.3 96.6 213.2 

N-PANEL-54mm-6 7.2 0.6 13.4 30.5 20.6 47.1 45.8 36.2 12.3 9.9 147.5 339.6 

N-PANEL-54mm-7 7.3 0.6 13.4 30.7 23.7 54.2 71.3 72.3 12.4 9.9 149.4 345.2 

N-PANEL-54mm-8 9.1 0.4 10.7 36.2 30.4 102.7 148.5 121.1 15.1 12.0 147.7 494.0 

N-PANEL-54mm-9 8.7 0.4 14.0 31.0 36.5 80.7 110.4 105.4 14.2 11.4 180.5 406.0 

N-PANEL-54mm-10 7.0 0.6 12.6 31.3 20.9 52.0 68.7 50.7 12.6 10.1 139.3 356.1 

             

Average 6.9 0.7 12.5 30.3 20.8 51.5 55.0 47.3 11.7 9.4 130.1 324.1 

St. Dev. 1.3 0.2 1.1 2.7 7.9 23.7 45.7 40.3 2.0 1.6 29.3 83.2 

CV 19.3 32.7 8.9 9.0 38.1 45.9 83.1 85.2 17.1 17.1 22.5 25.7 

Notes: 

Y&K: Yasumura and Kawai Yield Point Method  

Ka: Initial Stiffness measured between 0% and 40% of Pmax   

Kb: Initial Stiffness measured between 10% and 40% of Pmax 
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Figure 6 Test setup and failure mode – 54mm thick panels with nails 
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Figure 7 Load vs. displacement curves - Nordic panel – 54mm with 2-3/8” nails 
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Table 3 Summary of test results of nailed connection tests - 88mm Panels and 4.0” nails 

 

 Yield Point Displacements Ductility Initial Stiffness Capacities Dissipated Energy 

 Y&K ∆∆∆∆max ∆∆∆∆failure ∆∆∆∆max/∆∆∆∆yield ∆∆∆∆failure/∆∆∆∆yield Ka Kb Pmax Pfailure wmax wfailure 

Specimen kN mm mm mm Y&K Y&K kN/mm kN/mm kN kN kN*mm kN*mm 

N-PANEL-88mm-1 16.4 3.3 28.4 43.8 8.5 13.1 7.5 6.0 31.9 25.5 723.6 1188.0 

N-PANEL-88mm-2 18.7 5.5 35.3 45.1 6.4 8.1 4.7 3.6 35.9 28.7 973.6 1312.4 

N-PANEL-88mm-3 17.1 3.8 32.0 44.8 8.3 11.7 6.7 5.2 34.5 27.6 873.4 1299.8 

N-PANEL-88mm-4 17.8 4.1 30.9 44.9 7.5 10.9 6.1 4.7 35.8 28.6 869.0 1337.5 

N-PANEL-88mm-5 16.3 4.4 28.0 45.0 6.4 10.3 4.8 3.7 32.4 25.9 687.8 1209.5 

N-PANEL-88mm-6 17.4 5.2 38.3 45.7 7.4 8.9 3.8 2.9 38.8 31.0 1141.0 1422.8 

N-PANEL-88mm-7 15.5 2.9 32.5 45.4 11.2 15.7 5.6 4.3 38.0 30.4 966.8 1437.3 

N-PANEL-88mm-8 18.2 3.9 34.5 45.2 9.0 11.7 6.5 5.0 38.8 31.0 1075.3 1478.5 

N-PANEL-88mm-9 21.4 6.0 36.1 46.1 6.0 7.7 4.7 3.6 41.5 33.2 1177.5 1576.3 

N-PANEL-88mm-10 18.9 2.3 33.3 44.9 14.5 19.6 12.8 9.8 39.1 31.3 1100.3 1528.7 

              

              

Average 17.8 4.1 32.9 45.1 8.5 11.8 6.3 4.9 36.7 29.3 958.8 1379.1 

St. Dev. 1.7 1.2 3.3 0.6 2.6 3.6 2.6 1.9 3.1 2.5 169.6 130.9 

CV 9.4 28.3 10.0 1.3 30.6 31.0 40.4 39.9 8.5 8.5 17.7 9.5 

Y&K: Yasumura and Kawai Yield Point Method Ka: Initial Stiffness measured between 0% and 40% of Pmax  Kb: Initial Stiffness measured between 10% and 40% of Pmax 
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Figure 8 Test setup and finished test – 88mm with nails. Circles indicate the absence of visible failures. 
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Figure 9 Load vs. displacement curves - Nordic panel – 88mm with 4” nails 
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Table 4 Summary of results of metal shear keys connection tests - 88mm Panels 

 

  Yield Point Displacements Ductility Initial Stiffness Capacities Dissipated Energy 

 Y&K ∆∆∆∆max ∆∆∆∆failure ∆∆∆∆max/∆∆∆∆yield ∆∆∆∆failure/∆∆∆∆yield Ka Kb Pmax Pfailure wmax wfailure 

Specimen kN mm mm mm Y&K Y&K kN/mm kN/mm kN kN kN*mm kN*mm 

N-PANEL-88mm-1K 58.9 1.1 6.5 23.4 5.9 21.5 65.9 57.0 107.0 85.6 568.7 2277.7 

N-PANEL-88mm-2K 67.4 1.7 7.7 28.1 4.6 16.8 44.3 39.1 121.3 97.1 737.7 2913.4 

N-PANEL-88mm-3K 69.1 1.2 7.2 36.8 5.8 29.7 66.2 54.4 122.9 98.3 759.0 4088.1 

N-PANEL-88mm-4K 78.8 1.8 11.5 20.7 6.3 11.4 46.3 49.1 127.5 102.0 1230.5 2263.8 

N-PANEL-88mm-5K 64.6 1.3 6.9 33.0 5.2 24.8 54.5 48.4 121.5 97.2 665.1 3512.7 

              

Average 67.8 1.4 7.9 28.4 5.6 20.8 55.5 49.6 120.0 96.0 792.2 3011.2 

St. Dev. 7.3 0.3 2.0 6.6 0.7 7.1 10.4 6.9 7.7 6.2 256.1 793.3 

CV 10.7 21.3 25.4 23.3 12.0 34.0 18.7 13.9 6.4 6.4 32.3 26.3 
Y&K: Yasumura and Kawai Yield Point Method Ka: Initial Stiffness measured between 0% and 40% of Pmax  Kb: Initial Stiffness measured between 10% and 40% of Pmax 

 

   

 
Figure 10 Test setup and failure mode – 88mm thick panels with shear keys 
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Figure 11 Load vs. displacement curves - Nordic panel – 88mm thick with metal shear keys 
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Appendix VI 

Connections in CLT – Chapter 5 of FPInnovations CLT Handbook 
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AbStrAct

The light weight of cross-laminated timber (CLT) products combined with the high level of prefabrication 
involved, in addition to the need to provide wood-based alternative products and systems to steel and concrete, 
have significantly contributed to the development of CLT products and systems, especially in mid-rise buildings  
(5 to 9 storeys). While this product is well-established in Europe, work on the implementation of CLT products 
and systems has just begun in Canada and the USA. The structural efficiency of the floor system acting as a 
diaphragm and that of walls in resisting lateral loads depends on the efficiency of the fastening systems and 
connection details used to interconnect individual panels and assemblies. Long self-tapping screws are typically 
recommended by CLT manufacturers and are commonly used for connecting panels to panels in floors and floor-
to-wall assemblies. However, there are other types of traditional and innovative fasteners and fastening systems 
that can be used in CLT assemblies. 

This chapter focuses on a few connector systems that reflect present-day practices, some being conventional, others 
being proprietary. Given the recent introduction of CLT into the construction market, it is expected that new 
connection types will be developed in time. Issues associated with connection design specific to CLT assemblies 
are presented. The European design approach is presented and the applicability of CSA O86-09 design provisions 
for traditional fasteners in CLT such as bolts, dowels, nails and wood screws are reviewed and design guidelines 
are provided. 

The information given in this chapter is aimed at Canadian designers, a group which has expressed a strong interest 
in specifying CLT products for non-residential and multi-storey applications. However, further studies are needed 
to assist designers in the development of Canadian engineering design specifications and procedures consistent 
with Canadian material design standards and the National Building Code of Canada. The technical information 
will also be used to facilitate code acceptance of CLT products in North America.
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1 
croSS-LAMInAtED 
tIMbEr In 
conStrUctIon
Use of cross-laminated timber (CLT) panels in building construction has increased over the last few years.  
Several buildings have already been erected around the world using CLT panels, which is a good testimony  
to the many advantages that this product offers to the construction industry. The light weight and high quality  
of prefabrication of CLT result in quick erection times, especially in mid-rise construction (5 to 9 storeys). While 
this product is well-established in Europe, work on the implementation of CLT products and systems has just 
begun in Canada and the USA. 

The structural efficiency of the floor system acting as a diaphragm and that of walls in resisting lateral loads 
depends on the efficiency of the fastening systems and connection details used to connect individual panels and 
assemblies. This chapter focuses on the design of connections for CLT construction based on current practices. 

Figure 1 
Typical CLT building with various components and connections
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There are several ways to design and construct CLT buildings. They all differ in the way the load-carrying  
panels/elements are arranged, the way the panels are connected and the type of wood and non wood-based 
materials used (such as the use of hybrid systems of construction). 

The most common forms of construction systems in CLT are:

1.  Platform construction, where the floor panels rest directly on top of wall panels, forming a platform for 
subsequent floors (Figure 2a). This is a typical North American light frame form of construction, except 
that CLT panels are used instead of stud wall systems with top and bottom plates. This is probably the most 
commonly used type of structural system in Europe for CLT assemblies, especially for multi-storey buildings. 
This includes buildings constructed exclusively with CLT or mixing CLT with other types of wood-based 
products (e.g., CLT and glulam), or CLT with non wood-based systems. There are several advantages  
to this system:

	 •	it	simplifies	the	erection	of	upper	storeys; 
	 •	simple	connection	systems	can	be	used;	and	 
	 •	the	load	path	is	usually	well-defined.	

2.  Balloon construction, a type of structural system where the walls continue for a few storeys with intermediate 
floor assemblies attached to those walls. Due to the limitations in the length of the CLT panels and other 
design and construction issues, this system is often used in low-rise, commercial or industrial buildings. 
Connections are usually more complex in this form of construction. Balloon construction is generally less 
common compared to platform construction. As with platform construction, mixed CLT and other types  
of wood-based and non wood-based products could also be used in the balloon type of systems.

 
  

(a)   (b)

Figure 2 
Different types of CLT construction systems: (a) platform construction; (b) mixed CLT walls  
and light-frame roof

2 
coMMon 
StrUctUrAL  
SyStEMS In cLt
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3.1 General
Connections in heavy timber construction, including those built with CLT, play an essential role in providing 
strength, stiffness, stability and ductility to the structure; consequently, they require careful attention by designers. 
Post-disaster surveys following strong earthquakes and hurricanes have shown that among other reasons, structural 
failures often occur due to inadequately designed or improperly fabricated connections. The interruption of 
continuity in the timber structure caused by the presence of connections may result in a decrease in the overall 
strength and stiffness of the structure (i.e. if not properly designed) which in turn implies an increase in the cross-
section of the assembled timber elements. 

When structural members are attached with fasteners or some other types of metal hardware, such joints are 
referred to as “mechanical connections”. Typically, large fastener spacing and end and edge distances are required 
in most mechanical connections to avoid splitting and shear failures that are brittle in nature. The efficient design 
and fabrication of connections often determines the level of success of timber buildings when competing with 
other types of structural applications such as steel or concrete. This is particularly important for multi-storey  
heavy timber structures and hybrid buildings, where CLT is used alone or could be used in combination with  
steel or concrete. 

The use of CLT panels enables a high degree of prefabrication at the plant. This facilitates the use of CNC 
technology to profile the panel for installation, at the plant, of conventional and sophisticated connection systems 
with a high degree of accuracy and efficiency. The dimensional stability of CLT products due to the use of kiln 
dried (KD) source material is better for connection ‘stability’ prior to installation and ensures good accuracy  
at installation.

In this section, a very brief overview of connection types is provided. More detailed information is provided  
in Section 4.

3.2 Connection Systems Commonly Used in CLT Assemblies
Currently, there is a wide variety of fasteners and many different types of joint details that can be used to establish 
roof/wall, wall/floor, and inter-storey connections in CLT assemblies or to connect CLT panels to other wood-
based elements, or to concrete or steel in hybrid construction. While long self-tapping screws are typically 
recommended by CLT manufacturers and are commonly used for connecting panels to panels in floors and 

3 
IntroDUctIon  
to connEctIonS 
In cLt ASSEMbLIES – 
ovErvIEw
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floor-to-wall assemblies, traditional dowel-type fasteners such as wood screws, nails, lag screws, rivets, bolts and 
dowels can also be effectively used in connecting panel elements. Other types of traditional fasteners, including 
bearing type fasteners such as split rings and shear plates, and tooth plates, may have some potential; however, 
their use is expected to be limited to applications where high loads are involved. Some interesting innovative 
connection systems are finding their way to the CLT construction market. These include glued-in rods, Geka 
connectors, the KNAPP® system and other systems that adopt similar concepts. Such systems have good 
potential for use in CLT applications, especially those that employ a high degree of prefabrication using CNC 
machining technology. Fortunately, major CLT panel and glulam manufacturing facilities are equipped with 
CNC technology which could facilitate the rapid adoption of such connection systems. The choice of the type 
of connection to use depends largely on the type of assemblies to be connected (i.e. panel-to-panel, floor-to-wall, 
etc.), panel configurations, and the type of structural system used in the building. 

The following sections provide some basic information on the most commonly used types of mechanical fasteners 
in CLT assemblies. Detailed applications of these fasteners are presented in Section 4.

3.2.1 Wood and Self-Tapping Screws

Wood and self-tapping screws are extensively used in Europe for the assembly of CLT panels (Figure 3). The 
ease of installation and the high lateral and withdrawal capacity of such screws make them quite popular among 
designers and builders as they can take combined axial and lateral loads. Wood and self-tapping screws come in a 
variety of sizes and specific features. Self-tapping screws come in diameters that range from 4 mm to 12 mm and 
are available in lengths up to 600 mm (TEMTIS 2008). They do not require predrilling in most cases, unlike 
traditional wood or lag screws which require predrilled holes, the size of which depend on the density of the 
wood-based materials they are driven into and the diameter of the screws. The design capacity of screws in CLT 
must account for gaps in unglued cross-plies and other artificially sawn grooves common in CLT fabrication.

Figure 3 
Self-tapping screws used in CLT connections

3.2.2 Nails and Glulam Rivets

Nails and glulam rivets are not as commonly used in the assembly of CLT panels as wood screws. Nails with 
specific surface features such as grooves, helically threaded nails and glulam rivets are mostly used with perforated 
metal plates and brackets and installed on the surface/plane of the panel (Figure 4). Most timber design standards 
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do not allow the design of nailed connections in the end grain of wood-based products for withdrawal forces. 
Therefore, surface types of fasteners such as nails should not be driven in the edge of CLT panels (i.e. in end grain) 
to resist withdrawal forces. For lateral resistance, however, an end grain factor is usually applied to account for  
the reduction in the lateral resistance of nails driven in the end grain in most timber design standards, including 
CSA O86-09 (CSA 2009).

Figure 4 
Power driven nails used in combination with perforated metal plates

3.2.3 Bolts and Dowels

Bolts and dowels are very common in heavy timber construction. They can also be used in the assembly of CLT 
panels, especially for lateral loading. If installed in the narrow face (on edge), care must be taken during the design, 
especially in CLT panels with unglued edges between the individual planks in a layer. This could eventually 
compromise the lateral resistance since there is a potential that such fasteners are driven in the gaps.

3.2.4 Bearing Type of Fasteners

While bearing-type fasteners such as split rings and shear plates are commonly used in connections of glulam, 
heavy sawn timber and structural composite lumber (SCL) such as parallel strand lumber (PSL), they are not 
widely used for the assembly of CLT panels. Bearing-type connections can be used in certain locations depending 
on the position of the fasteners with respect to the CLT layers and the type of service load. One drawback would 
be that panels require profiling at the plant prior to delivery. 

3.2.5 Innovative Types of Fasteners 

A new generation of fasteners such as glued-in rods, Geka connectors, the KNAPP® system and others are 
becoming increasingly popular in the assembly of mainstream heavy timber construction. This is driven by recent 
developments in CNC technology, wood materials and the desire for a high level of prefabrication to reduce 
assembly time and cost.  

With respect to CLT, glued-in rods in particular can be used for connections subjected to high longitudinal and 
transverse loads and to reduce the splitting potential (TEMTIS 2008). More details on these next generation 
connection systems and their suitability for connecting CLT panels and assemblies are discussed in Section 4.
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This section is focused on providing detailed information and schematics on traditional and innovative types of 
connection systems typically used in establishing connections between CLT panels, and those between walls and 
foundations and walls and floors. Figure 5 shows details of the various locations of such connections in a multi-
storey CLT building. While most of the commonly used types of fasteners and those with some potential for 
use in CLT assemblies are described below, the list is not comprehensive. Other types of innovative [alternative, 
proprietary, modern, privately-developed] fasteners, not mentioned under this section, could also be used  
if found suitable.

A

A

D

CB

E

B

Figure 5 
Typical 2-storey CLT building showing various connections between floor and wall panels

4 
connEctIonS In  
cLt ASSEMbLIES – 
DEtAILS
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4.1 Panel-to-Panel Connections (Detail A)
This is the fundamental form of connection that is typically used to form wall and floor assemblies. It is used  
to connect panels along their longitudinal edges. Due to production and transport limitations related to the 
size of the panel that can be delivered to building sites, panel-to-panel connections are established mostly on 
site. Connection details must be easy to assemble and should facilitate quick fabrication. The panel-to-panel 
connection facilitates the transfer of forces through the wall or floor assembly. For example, when panel-to-panel 
connections are used in wall assembly, the connection must be designed to resist in-plane shear and out-of-plane 
bending. When the connection is used in floor assemblies acting as diaphragms, however, the connection must be 
capable of transferring in-plane diaphragm forces in principle, and maintain the integrity of the diaphragms and 
the overall, lateral load resisting system. Several possible panel-to-panel connection details are described below.

4.1.1 Internal Spline

A single wooden spline/strip made of lumber or SCL such as LVL could be used to form this connection. Profiling 
of the panel at the plant is necessary prior to delivery. Connection between the spline and the two panel edges 
could be established using self-tapping screws, wood screws or nails. One advantage of this detail is that it provides 
double-shear connection; however, it requires more accurate profiling and could be challenging in terms of fitting 
the different parts together on site. There are also other advantages regarding resistance to normal or out-of-plane 
loading. Structural adhesive could also be applied to the different parts in addition to the mechanical fasteners  
to provide more rigidity to the connection, if needed. 

Plywood or LVL

Screws

CLT Floor CLT Floor

Figure 6 
Internal spline

4.1.2 Single Surface Spline

This is a rather simple connection detail that can be established quickly on site. Panel edges are profiled to take  
a strip/spline of lumber or SCL such as LVL or X-ply LVL. Self-tapping screws, long wood screws or nails could  
be used for making the connection on site. Due to the single-shear connection involved, this connection detail  
is typically inferior to the internal spline described above. Structural adhesive could also be used in this type  
of connection detail.
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CLT Floor CLT Floor

Screws

Plywood or LVL

Figure 7 
Single surface spline 

4.1.3 Double Surface Spline

This connection detail is similar to that of the single surface spline described above, except that a double spline 
is used here to increase the connection strength and stiffness. Since two sets of screws are used which results 
in doubling the number of shear planes resisting the load, a better resistance can be achieved using this detail. 
However, this connection requires more machining and more time could be needed for erection since there is  
a need to attach the two splines from both sides of the panels during the insertion of fasteners, doubling the time 
needed for driving screws or nails. According to TEMTIS (2008), if SCL is used as the splines, then the joint 
could be designed to resist moment for out-of-plane loading. Structural adhesives could be used to enhance  
the strength and stiffness. 

Plywood or LVL

Screws

Plywood or LVL

CLT Floor CLT Floor

Screws

Figure 8 
Double surface spline
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4.1.4 Half-Lapped Joint

This connection detail involves milling a half-lapped joint at the plant and is commonly used for panel-to-panel 
connections in wall and floor assemblies (Figure 9). Long self-tapping screws are usually used to connect the panel 
edges. The joint can carry normal and transverse loads but is not considered to be a moment resisting connection 
(TEMTIS 2008). While this is a very simple connection detail that facilitates quick assembly of CLT elements, 
there is a risk of splitting of the cross-section due to concentration of tension perpendicular to grain stresses in 
the notched area. This is particularly pronounced for cases where uneven loading on the floor elements occur 
(TEMTIS 2008).

Self-tapping 
screws

CLT Floor CLT Floor

Figure 9 
Details of half-lapped joints

4.1.5 Tube Connection System

This is an innovative type of connection system that has been developed and studied in Austria by G. Traetta 
(2007). This system incorporates a profiled steel tube with holes (Figure 10). Panel elements arrive on site with 
glued-in or screwed rods driven in the plane of the two panels to be connected and with holes machined in the 
panels at certain locations along the edges where the metal tubes could be placed. The tube connector is inserted  
at those locations along the panel elements and the system is tightened on site using metal nuts.  

Tests have been carried out at the Building Research Center in Graz, Austria to evaluate the capacity of this 
innovative system (Traetta 2007). Usually no edge profiling along the panel is needed if this connection system  
as it principally relies on the pullout resistance of the screwed or glued-in rods. 

Tube *
Glued or 

screwed rods 

Nuts

CLT Floor CLT Floor

Figure 10 
Details of the tube connection system
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4.1.6 Alternative Systems

Certain innovative connection systems have good potential for use in CLT panel assemblies. One example of  
those is a German connection system called KNAPP®, which is used in prefabricated closed wood-based panels.  
The system facilitates quick erection as it involves a male/female type of attachment (Figure 11). It is mainly used 
for panel-to-panel connections along the panel longitudinal edges. KNAPP® brackets are usually attached to 
CLT panel elements using wood screws. They provide resistance in the plane and out of the plane of the panel, in 
addition to uplift resistance. The system provides resistance to in-plane and out-of-plane forces, including uplift. 
The KNAPP® system is equipped with a self locking mechanism that enables the wall to be tightly locked to the 
adjacent wall. While it might be relatively complicated to install or dismantle this system in complex plans with 
several intersecting wall segments, it does facilitate an easy and quick installation process.  

KNAPP® 

Screws
CLT Floor CLT Floor

Figure 11 
KNAPP® connection system 

4.2 Wall-to-Wall Connections (Detail B)
This section covers connection details for connecting walls to walls positioned at right angles (wall junction in the 
transverse direction). Such connection details include interior partitions to exterior walls or simple exterior corner 
walls. Walls connected in the same plane of the panels were covered previously under panel-to-panel connections 
(Detail A). Most of the connection details described below are commonly used in the assembly of CLT walls. 
However, a few of these involve the use of innovative types of connection systems or details with some potential 
for use in such applications. The same connection systems adopted for connecting exterior walls in the transverse 
direction could be used for establishing connection between internal walls.

4.2.1 Self-Tapping Screws

Several systems have been adopted to establish connection between walls at right angles (wall junction). 
The simplest form of connection relies mainly on self-tapping screws to connect the walls together (Figure 12  
and 14). There are some concerns however related to this direct form of connection due to the fact that the screws 
are driven in the narrow side of panels, in particular, if screws are installed in the end grain of the cross layers. 
While this may not be critical for small loads, it may not be suitable for walls subjected to high wind and seismic 
loads. Self-tapping screws could also be driven at an angle to avoid direct installation of screws in the narrow side 
of the panel (on edge) which would optimize the performance of the connection (i.e. toe screwing). 
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CLT Wall

CLT Wall

Self -tapping 
screws

Figure 12 
Self-tapping screws from the exterior

Figure 13 
Installation of self-tapping screws from the exterior
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CLT Wall

CLT Wall

Self-tapping 
screws

Figure 14 
Self-tapping screws driven at an angle (toe screwing)

4.2.2 Wooden Profiles

Concealed wooden profiles (keys) could also be used in a similar way, with self-tapping screws or traditional wood 
screws. The advantage of this system over the direct use of self-tapping screws is the possibility of enhancing the 
connection resistance by driving more wood screws to connect the profiled panel to the central wood profile/key 
which is in turn, screwed to the transverse wall (Figure 15). 

CLT Wall

CLT Wall

Wooden profile
(hardwood, LVL or plywood)

Self-tapping 
screws

Figure 15 
Concealed wooden profile
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CLT Wall

CLT Wall

Wooden profile
(hardwood, LVL or plywood)

Self-tapping 
screws

Figure 16 
Edge protecting wooden profile

Other types of wooden profiles such as the one shown in Figure 16 could also be used to provide some form  
of reinforcement to the panel connected edges. Those are mainly made of hardwood or SCL. They are glued  
and screwed to the panel edge as mentioned earlier.

4.2.3 Metal Brackets

Another simple form of connecting walls in the transverse direction is the use of metal brackets with self-tapping 
screws, nails or even glulam rivets (Figure 17). While this connection is one of the simplest and most efficient types 
of connection in terms of strength resulting from fastening in the direction perpendicular to the plane of the panels, 
architects normally do not prefer this system as the metal plates are exposed and have less fire resistance compared to 
concealed connection systems. Some designers may choose to hide plates by profiling the wall panel at the locations 
of those brackets (recessing) then cover the metal hardware with finishing materials or simply, wood caps.

Screws

Metal 
bracket

Screws

CLT Wall

CLT Wall

Figure 17 
Interior metal bracket
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4.2.4 Alternative Systems

Several alternative connection systems could be used for connecting CLT wall-to-wall. One interesting system 
involves the use of a dovetail type metal bracket to establish the connection between the wall panels (Figure 18). 
Several forms of a male/female type of connection can be designed to resist in-plane and out-of-plane loads. The 
metal brackets are attached to the wood using regular wood screws or self-tapping screws. They can be continuous 
along the edge of the panel/wall or a few of short length brackets can be installed along the panel/wall edge. The 
panel simply slides into place, which speeds the erection of the walls on site. Alternative systems such as hook 
joint and KNAPP® systems are based on the same principle (Figures 18 to 20). Wood screws are typically used to 
connect the metal components to CLT wall panels. It should be noted that dovetail systems require clearance/
tolerance to facilitate the site installation. Measures should be taken to ensure that wall panels are firmly tied up. 

CLT Wall

CLT Wall

Dovetail joint 
with wooden or 
steel profiles

Screws

Screws

Figure 18 
Details of dovetail joint 

Screws

KNAPP 
male

KNAPP 
female

CLT Wall

CLT Wall

Figure 19 
KNAPP® system
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CLT Wall

CLT Wall

Hook joint 
male

Hook joint 
female

Screws

Figure 20 
Hook joint

4.2.5 Concealed Metal Plates

Concealed metal plates can also be used to establish wall-to-wall connection in the transverse direction. Metal 
plate thickness could range from 6 mm up to 12 mm. As discussed above, while this system has considerable 
advantages over exposed plates and brackets, especially when it comes to fire performance, the system requires 
precise profiling at the plant using CNC technology (Figure 21). Proprietary self-drilling dowels that can 
penetrate through wood and steel such as those produced by SFS Intec (shown in Figure 22) can be used.

CLT Wall

Metal plate

Tight fit 
dowels, SFS 
dowels or 

bolts

Screws

CLT Wall

Figure 21 
Concealed metal plate 
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Figure 22 
Self-drilling dowel for use through steel and wood 

4.3 Wall-to-Floor Connections (Detail C)
Several possibilities exist when it comes to connecting walls to the floors above or connecting walls on the upper 
storeys to floors, depending on the form of structural systems (i.e. platform vs. balloon), availability of fasteners 
and the degree of prefabrication.

4.3.1 Platform Construction

4.3.1.1 Self-Tapping Screws

For connecting a floor or a roof to walls below, the simplest method is to use long self-tapping screws driven from 
the CLT floor directly into the narrow side of the wall edge, as shown in Figure 23. Self-tapping screws could also 
be driven at an angle to maximize the fastening capacity in the panel edge. The same principle could be applied 
for connecting walls above to floors below, where self-tapping screws are driven at an angle in the wall near the 
junction with the floor. Depending on the angle and the length of the screws, the self-tapping screws could reach 
the bottom walls, further reinforcing the connection between the upper and lower walls and the floor.

CLT Wall

CLT Floor

Self-tapping 
screws

CLT Wall

Figure 23 
Self-tapping screws
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4.3.1.2 Metal Brackets

Metal brackets are commonly used to connect floors to walls above and below. They are also used for connecting 
roofs to walls. Nails, glulam rivets and wood screws could be used to attach the metal brackets to the CLT panels 
(Figures 24 and 25).

Screws

Metal 
bracket

Screws

CLT Floor

CLT Wall

Screws

Metal 
bracket

Screws

CLT Wall

Figure 24 
Metal brackets
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Screws

Metal 
bracket

Screws

CLT Floor

CLT Wall

CLT Wall

Self-tapping 
screws

Figure 25 
Metal bracket and self-tapping screws

4.3.1.3 alternative Innovative Systems

This section covers the whole family of innovative fastening systems described above which includes: KNAPP® 
system, metal shaft connection system with dowels, threaded rod/screw connection system, glued-in rod, wooden 
profiles and dovetail connection system (Figures 26 to 30). Some of those systems, such as KNAPP®, have a self-
locking mechanism to resist against uplift.
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Figure 26 
KNAPP® system
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Figure 27 
Metal shaft connection details 
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Figure 28 
Threaded rod/screw connection system
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Figure 29 
Glued-in rod and edge protecting wooden profile
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Threaded 
rod

Nut

Figure 30 
Metal bracket and threaded rod

4.3.1.4 Concealed Metal plates

Concealed metal plates could also be used to establish wall-to-floor connections (Figure 31). As previously 
discussed, while this system has considerable advantages over exposed plates and brackets, especially when it comes 
to fire performance, the system requires precise profiling at the plant using CNC technology.
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Figure 31 
Concealed metal plates

4.3.2 Balcony Details

4.3.2.1 Balcony in Cantilever

For situations where a balcony is designed by extending the floor/roof panel to form a cantilever (Figure 32),  
the connection between the wall supporting the balcony below and the floor panel can be established using self-
tapping screws or metal brackets. In this case, the panels should be installed with the principal axis (parallel to 
the grain of the outer layers) extending outward and forming the balcony. Self-tapping screws driven at an angle 
are preferred for improved performance compared to driving screws perpendicular to the plane of one panel into 
the edge of the other (i.e. the wall panel) (Figure 34b). If a parapet wall on top of the balcony is built, a typical 
connection detail using self-tapping screws or metal brackets could also be used (Figures 33 and 34). However, 
caution should be exercised when adopting this system in design as a cantilever due to potential issues related  
to water infiltration. 

Figure 32 
Balcony in cantilever
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Figure 33 
Metal brackets adopted for design of balcony

       

(a)        (b)

Figure 34 
Self-tapping screws used in balcony design

4.3.2.2 Supported Balcony

In some cases, the balcony can be designed to be attached to the main CLT structure using simple fastening 
systems that allow for easy installation and dismantling (i.e. in case of any potential modification to the 
configuration of the building in the future) (Figure 35). Several buildings in Europe have been constructed 
with this type of balcony system. A combination of metal plates and hinges are usually employed to secure the 
balcony structure/box to the main structure as can be seen in Figure 36. Usually, the balcony is attached to the 
main building at four (4) points. The connection system is equipped with metal brackets which are attached to 
the CLT floors (top and bottom floors as can be seen in Figure 36) using self-tapping screws or lag screws. The 
balcony could be totally prefabricated as a box on the ground, at the construction site, lifted up and then secured 
to the building at each location/level. Other types of metal attachments could also be used if found proper. The 
gap between the building and the balcony needs to be closed with cladding materials either as part of the whole 
building envelope or separately, depending on the end use. Flashing should be installed to divert rain water away 
from the wall to avoid water accumulation.   

For design of the balcony itself, different types of fastening systems could be used. Self-tapping screws alone or  
a combination of self-tapping screws and metal brackets could be used to attach the floor and roof to the walls.   
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A variety of other balcony designs could be adopted. One simple concept involves designing the balcony as part  
of the CLT structure (i.e. built-in). This concept has been used in the design of the Murray Grove building  
in London, UK, where several corner balconies were introduced as part of the main structure floor plan  
(Figure 37, left side). This is perhaps the simplest form of creating balconies. Other concepts involve designing  
and constructing an external structural system (e.g. posts) to support the extremity of the balcony, while the other 
side of the balcony is supported by the structure itself. This is also common in certain low-rise projects that have 
been built recently in Europe.

Figure 35  
Balcony supported by the main structure



ChapTER 5 Connections 
 27

Figure 36 
Balcony attached to the platform construction

    

Figure 37 
Examples of European CLT projects with built-in balconies

4.3.3 Balloon Construction

The dominant type of structural form in CLT construction in Europe is the platform type of system due to 
its simplicity in design and erection. However, in non-residential construction, including farm and industrial 
buildings, it is common to use tall walls with a mezzanine, which is an intermediate floor between the main floors 
of a building. Mezzanine floors are often located between the ground floor and the first floor but it is not unusual 
to have a mezzanine in the upper floors of a building. 

To connect a typical CLT floor to a continuous CLT tall wall for such applications, several attachment options 
exist. The simplest attachment detail includes the use of a wooden ledger to provide a continuous bearing support 
to the CLT floor panels (Figure 38). The ledger is usually made of SCL such as LVL, LSL or PSL. 
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CLT ledger could also be used. Another type of attachment is established with the use of metal brackets similar 
to the one shown in Figure 39 (a and b). Attachment of SCL ledger or metal brackets to the CLT wall and floor 
panels is established through the use of self-tapping screws, lag screws, nails or glulam rivets. 

Self-tapping 
screws

SCL

Figure 38 
SCL components for bearing support (adapted from TRADA 2009)

Metal bracket

Screws CLT Floor

CLT Wall

CLT Wall

(a)

Metal bracket

Screws
CLT Floor

CLT Wall

(b)

Figure 39 
Metal bracket for bearing support (adapted from TRADA 2009)
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4.4 Wall-to-Roof Connections (Detail D)
For walls to sloping or flat roof connections, the same type of connection as for attaching floors to walls  
is used (Figure 40). Self-tapping screws and metal brackets are the most commonly used fastening systems  
in this application (Figures 41 and 42). 

Figure 40 
Possible roof-to-wall joints configurations



ChapTER 5 Connections 
 30

Self-tapping 
screws

CLT Roof

CLT Wall

Self-tapping 
screws

CLT Roof

CLT Wall

 
(a)

Self-tapping 
screws

CLT Roof

CLT Wall

Self-tapping 
screws

CLT Roof

CLT Wall

(b)

Figure 41 
Self-tapping screws
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CLT Roof

CLT Wall

Screws

Metal bracket

Figure 42 
Metal bracket

4.5 Wall-to-Foundation Connections (Detail E)
4.5.1 Visible/Exposed Plates

In connecting CLT wall panels to concrete foundations (common for the first storey in a CLT building, with 
concrete footing or with multi-storey CLT building with the first storey made of concrete) or to steel beams, 
several fastening systems are available to establish such a connection. Exterior metal plates and brackets are 
commonly used in such applications as there is a variety of such metal hardware readily available on the market. 
Exposed steel plates, similar to those shown in Figure 43, are probably the most commonly used in Europe due to 
their simplicity in terms of installation. When connections are established from outside, then a typical metal plate 
is used (Figure 43). However, when access is provided from inside the building and where a concrete slab exists, 
metal brackets such as those shown in Figures 44 and 45 are used. Lag screws or powder-actuated fasteners can  
be used to connect the metal plate to the concrete footing/slab, while lag screws or self-drilling screws are used  
to connect the plate to the CLT panel. 

Typically, metal plates or brackets are placed at a 1219 mm interval. But that all depends on the level of load the 
connection is supposed to resist and its ductility. Different types of metal plates or brackets can be used as shown 
in Figures 43 and 44, depending on whether the CLT panel is attached to a concrete wall/footing or a slab and 
whether the plate is attached from the outside or the inside of the wall panel. 

To protect wood and improve the durability of CLT panels, a SCL sill plate [or bottom plate] such as that  
shown in Figures 43b and 44b is installed between the concrete foundation and the CLT panels. This also 
simplifies assembly. 
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Figure 43 
Exterior metal plate
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Figure 44 
Metal brackets
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Figure 45 
Metal brackets installed on site

4.5.2 Concealed Hardware

To achieve better fire performance and improve aesthetics, designers prefer to conceal connection systems.  
Hidden metal plates similar to those shown in Figure 46 can be used, but they require some machining to produce 
the grooves in the CLT panel to conceal the metal plates. Tight dowels or bolts could be used to attach the plates 
to the CLT panel. However, precise CNC machining is required in some cases. Some innovative types of fasteners 
that can be drilled through metal and wood (e.g. WF series of dowels from SFSIntec do not require any predrilling 
or CNC machining) or other types of screws that can penetrate through both materials can also be used  
for this purpose.

Concrete footing

Metal plate

Tight fit 
dowels, SFS 
dowels or 

bolts

Anchor 
bolts

CLT Wall

Figure 46 
Concealed metal plates
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4.5.3 Metal Shafts

Another option for connecting CLT wall panels to concrete foundations is to use a hollow small diameter metal 
tube/shaft with threaded ends (Figure 47). Holes are predrilled in the edge (narrow side) of the panel element to 
accommodate the metal shaft, which is fixed inside the panel using small diameter dowels or bolts. Epoxy could 
also be used to attach the metal shafts to the panel in the plant. The panels arrive at the construction site already 
equipped with the shafts to minimize work on site. Threaded anchor bolts cast in the concrete foundations are 
connected to the shaft’s threaded end using a nut adaptor. Usually, a small access hole in the panel is drilled to 
enable connection between the adaptor and the threaded anchor bolt. A wooden cap is used to cover the access 
hole and the shafts, making this a completely concealed, fire protected connection. The actual detail depends on 
the magnitude of design service loads that the wall panel will resist and the panel configurations (such as window 
and door openings). 

Tight fit 
dowels or bolts

Tube with holes

Adaptor

Anchor 
bolt

Concrete footing

Wood 
cap

CLT Wall

Figure 47 
Metal shaft connection details

4.5.4 Threaded Rod/Screw

Like the metal shaft connection system, this system utilizes long threaded rods/screws similar to what is being  
used for transverse reinforcement of large glulam beams/arches against tension stresses perpendicular to  
the grain. One particular threaded rod/screw produced by SFSIntec, called “Wood Bar”, is suitable for this  
application (Figure 48). The long threaded rod is screwed in the end grain of the panel element. The panels 
arrive on site equipped with an adaptor. The installation process is similar to that described for the metal shaft 
connection system.
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Threaded 
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Figure 48 
Threaded rod/screw connection system

4.5.5 Wooden Profiles

Wooden profiles are commonly used in connecting structural insulated panels (SIP) and other types of 
prefabricated wood-framed walls. It is important that such wooden profiles are fabricated from high density 
and stable materials. Engineered wood products or hardwood can generally be used for this purpose. The major 
advantage of this system is the ease of assembly. The wooden profiles are typically attached to CLT panels with 
wood screws or self-tapping screws. Structural adhesives are also used, sometimes in combination with mechanical 
fasteners since the wooden profile is installed in the plant. They are often used in combination with metal plates or 
brackets to improve the lateral load resistance as can be seen in Figure 49. CNC machining is needed at the CLT 
plant to produce the profiles in the panels. The use of wooden profiles is not limited only to wall to foundation 
applications. They can also be used for wall-to-wall or floor-to-wall connections. The wooden profiles could take 
several forms, as shown in Figure 49, to provide additional protection and reinforcement to the bottom edge  
of the panel.
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Figure 49 
Concealed (a) and exposed (b) wooden profiles 

4.5.6 Alternative System

While this system is more suited for use in wall-to-wall connections, it may also be suitable for wall-to-foundation 
connections. The connection between the concrete foundation and KNAPP® bracket could be established through 
lag screws or powder-actuated nails (Figure 50). It would be preferable to use galvanized components to prevent 
corrosion as a result of water condensation at the interface with concrete. 
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Figure 50 
KNAPP® Gigant system
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5 
connEctIonS In 
MIxED HybrID cLt 
conStrUctIon – 
DEtAILS
Mixed systems using CLT with other types of wood-based materials such as glued-laminated timber (glulam) 
are common. Those mixed systems are becoming increasingly popular in Europe as a way to optimize the 
overall design by capitalizing on the positive attributes of the various products. Mixing CLT with other types of 
construction materials such as concrete and masonry or mixing different types of structural forms is also common.

5.1 Mixed CLT with Other Wood-Based Materials and Systems
In CLT assemblies, mixing different wood-based materials and structural systems is done in such a way to optimize 
the design and to meet certain performance requirements. Therefore, it is not unusual to combine CLT wall 
assemblies with joisted floor systems using glulam, wood I-joists, metal plated wood trusses or other types of 
engineered wood elements as the main floor support system, with either wood-based decking such as wood boards 
or structural panels. The following provides a brief summary of potential structural forms where CLT and other 
types of wood-based materials could be combined. Connection systems between those different materials  
are described. 

5.1.1 Platform Construction

For platform-type construction, the main structural supporting elements of the floor system rest on top of  
the walls below. In mixed construction where walls are made of CLT panels, typical joisted floor system is placed 
on top of those walls as can be seen in Figures 51 and 52. 
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Figure 51
CLT Wall – I-joist (adapted from TRADA, 2009) 

A combination of rimboard and blocking elements made of SCL such as PSL, LVL or LSL between joists is 
generally used to ensure transfer of vertical loads from storeys above to the CLT wall below. Differential shrinkage 
is not an issue here as next storey CLT walls are resting completely on the rimboard and the blocking elements. 
Typical solid sawn lumber or SCL such as wood I-joists could be used as the main structural systems supporting 
the subfloor. In the case of wood floor trusses, it is necessary to provide wood-based blocking to prevent localized 
crushing of truss top chords and to have a uniform stress distribution along the wall perimeter (Figure 52).  
The wood blocking should be made of SCL for better deformation properties and for dimensional stability.

Connection between walls above and below can be established using self-tapping screws driven at an angle  
or through one of the alternative methods of fastening described above. 



ChapTER 5 Connections 
 40

CLT Wall

Structural panel

Joist

Blocking 
between joists 
top members

CLT Wall

Self-tapping 
screws

CLT Wall screwed 
through the 

structural panel into 
blocking

Nails

Figure 52 
CLT Wall – Metal plated floor truss (adapted from TRADA 2009)

5.1.2 Balloon Construction

Mixed CLT construction could also be used in buildings with a balloon structural form. In this type of 
construction, the joisted floor system which incorporates a variety of joist products such as sawn lumber, wood 
I-joists, and SCL can be attached to the CLT walls using traditional metal hangers commonly used in light-frame 
and heavy post-and-beam timber construction (Figures 53). The wall panels are continuous at the connection 
between the floor system and the wall and it provides support to the floor system.  

CLT Wall

Structural panel

JoistHanger

Figure 53 
CLT Wall – I-joist (adapted from TRADA 2009) 



ChapTER 5 Connections 
 41

6 
DESIgnIng 
connEctIonS In 
croSS-LAMInAtED 
tIMbEr 

6.1 Why Connections in CLT are Different 
than Those in Solid Timber or Glulam
CLT is usually made of laminated lumber boards along the strong axis of the panel and crosswise. The cross 
lamination and the built-up nature of the panel, in addition to certain unique panel features such as edge-gluing  
(or lack of it) and the presence of grooves sawn into the boards to relieve drying stresses, further complicate  
the determination of the fastening capacity in CLT compared to traditional sawn solid lumber or SCL. Panels 
from some manufacturers are produced with gaps between the longitudinal boards as big as 6 mm.

Figure 54 
CLT panel section with gaps and grooves sawn in the timber to relieve shrinkage stresses 

It is well established that the loading direction relative to the grain direction of wood affects the fastening capacity 
when relatively large diameter fasteners (> 6 mm diameter) such as bolts, lag screws and large diameter long self-
drilling screws are used. The embedment strength of slender fasteners in wood such as nails and small wood screws 
is less sensitive to grain direction. Timber design standards such as CSA O86-09 (CSA 2009) specifies different 
embedment formulae for connections in timber loaded, either in the direction parallel or perpendicular to grain 
for bolts and dowels exceeding 6 mm diameter. CLT manufacturers in Europe are well aware of the fastening issues 
and rigorous testing programs were established to develop the fastening capacity in their products for different 
dowel-type fasteners. Ultimately, embedment formulae specific to CLT panels need to be developed in order to 
establish the lateral load resistance for fasteners such as screws, bolts and lag screws, taking into account the nature 
of lamination, lay-up, species, edge-gluing or lack of it, and other panel specific features. Similarly, the withdrawal 
resistance of fasteners such as screws and nails from the face and edges of the panel needs to be developed.   
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While yielding failure modes in accordance with European Yield Model (EYM) are the dominant type of failure 
for slender type of fasteners in CLT (Figure 55), there is a potential for developing brittle failure modes in CLT 
such as row shear, group tear-out, tension or splitting (Figure 56). However, it is less likely that such brittle failure 
modes will develop with fasteners driven perpendicular to the plane of the panel. But with fasteners driven in  
end grain, it is possible to trigger splitting due to tension stresses perpendicular to the grain in small thickness 
panels when fasteners are loaded in shear. Therefore, there is a need to establish the conditions where brittle  
failure modes may occur with large diameter fasteners used with CLT. According to tests conducted by Uibel  
and Blass (2006) in Europe with dowels and screws loaded perpendicular to the plane of the panel, the 
connections exhibited considerable ductility. Even when plug shear or splitting occurred in the outer layers, the 
load remained at the same level or showed a localized marginal drop. This could be attributed to the reinforcement 
effect provided by cross lamination in CLT. However, this finding is limited to the tested configurations.  

Figure 55 
Ductile failure modes experienced during testing of self-tapping screws  
in CLT half-lapped connections 

6.2 Current European Design Approach for Connections in CLT
Extensive research has been conducted in Europe to evaluate the fastening capacity of different types of fasteners 
in CLT. Comprehensive research on the fastening capacity of CLT connections was conducted by Uibel and 
Blass (2006, 2007). The shear capacity of traditional fasteners in CLT was studied by the authors with the intent 
of developing a calculation methodology to establish the load carrying capacity of connections with dowel-type 
fasteners in the direction perpendicular to the CLT panel and on their narrow side (i.e. edge joints). Embedment 
tests were conducted using different types of CLT products and dowel-type fasteners. Empirical models expressed 
as a function of the fastener diameter, wood density and loading angle relative to the grain direction of the surface 
lamina were developed based on test results to establish the embedment strength under lateral loading. Different 
models were developed for each of the different types of dowel-type fasteners (i.e. nails, screws and dowels). Once 
the embedment strength properties were established, the load carrying capacity in accordance to Johansen’s yield 
model (EYM) could be determined. However, the validity of these models was limited to a maximum thickness  
of lamina and thickness ratio of the longitudinal and cross layers (Uibel and Blass, 2006).

Withdrawal strength of self-tapping screws, typically used in connecting CLT panels perpendicular to the plane 
of the panel or in the panel edges, was also investigated by Uibel and Blass (2007). The withdrawal resistance 
was derived from tests using self-tapping screws with diameters ranging from 6 mm to 12 mm. The location of 
the screws was selected in such a way to have them installed at the joint between two boards within a lamina, 
or between one lamina and another. The derived withdrawal resistance was expressed as a function of the screw 
diameter, wood density and the screw point side length of penetration. It is important to note that when the 
withdrawal capacity of a fastener is determined in the narrow side of panel, the input characteristic density value 
should be that of the lamina/ply in which the fastener is driven, not that of the whole panel. Validation tests were 
performed and a reasonable correlation was found between tests and predictions. The tests were also used to 
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rationalize the required spacing and end and edge distances. However, a more generalized and simplified approach 
using the overall panel density would be recommended. Long-term lateral and withdrawal tests using self-tapping 
screws in end joints are being conducted by the authors to determine the long-term behaviour under changing 
environmental conditions. However, no results have been published yet.

6.3 Could CSA O86 Design Provisions be used for Design 
of Connections in CLT?

6.3.1 Current Design Philosophy for Dowel-Type Fasteners in CSA O86-09

The design methods for timber connections should be able to capture all potential failure mechanisms that can 
occur and be able to assign strength and deformation capacities to any of these failure modes. Fortunately, recent 
editions of the Canadian timber design code “Engineering Design in Wood” (CSA O86-09) provides a design 
methodology for bolted and dowelled connections that gives designers control over the type of failure mode the 
connections will experience at the design stage. The designer needs to verify both the yielding (ductile) and the 
brittle capacities of the connection, and the minimum of the two controls the design value. The yielding failure 
modes are based on Johansen’s Yield Equation Model (sometimes referred to as the European Yield Model,  
EYM), where ductile failure modes could occur due to the crushing of the wood in bearing and/or yielding  
of the fastener. Typical brittle failure modes in heavy timber construction include: row shear, group tear-out, 
tension at the reduced section (i.e. where bolt holes are drilled), and splitting for loading perpendicular to grain  
(Figure 56). Detailed information on these types of brittle failure in bolted and dowel-type timber connections 
can be found in Quenneville and Mohammad (2000). 



ChapTER 5 Connections 
 44

Row Shear Group Tear-out Net Tension

Splitting Bearing

Pf Pf
Pf

Nf

Qf

θ

Figure 56
Possible failure modes in traditional solid timber or glued laminated timber

Generally, the type of failure mode that a timber connection with a dowel-type fastener could experience  
depends on several parameters including:

•	 	connection	geometry	(loaded	and	unloaded	end	and	edge	distances,	row	and	bolt	spacing,	 
type of connection);

•	 wood	member	thicknesses;	
•	 fastener	diameter	and	yield	strength;	
•	 wood	basic	mechanical	and	physical	properties;	and
•	 loading	direction	relative	to	grain	orientation.	

Ductile failure modes in CSA O86-09 are expressed as a function of the embedment strength of the mechanical 
fastener or dowel in the side or main wood-based member and in the steel side plates, the yielding strength of 
the fastener, members thicknesses and fastener diameter. Embedment formulae based on extensive research by 
European and North American researchers were developed for the different types of wood-based materials and 
loading directions relative to grain. Embedment strength formulae for wood-based connection members in  
CSA O86-09 are usually given as a function of wood-based material density and fastener diameter. Most of design 
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provisions in timber design standards such as the National Design Specification (NDS) (AF&PA 2006) for timber 
construction in the USA and Eurocode 5 (EN 2004) adopt the European Yield Model concept for the design of 
dowel-type connections in timber. One set of embedment equations are typically given for slender fasteners such 
as nails and wood screws for both loading directions (i.e. parallel and perpendicular to grain). However, for large 
diameter fasteners, two sets of embedment equations are provided. 

Transition from one failure mode to another at the design stage could be achieved through the choice that the 
designer makes regarding one or a combination of the above parameters. For example, smaller loaded end and edge 
distances and spacing between fasteners in a row and between rows will most likely trigger brittle failure modes. 
Therefore, if designers would like to maximize the connection ductility, it is important to maximize loaded end 
and edge distances and fasteners spacing and/or to use a large slenderness ratio if possible. The type of brittle 
failure mode (such as row shear or group tear-out) for a connection with multiple rows is mostly determined by 
the row spacing and the spacing of fasteners in a row. Smaller row spacing will result in a situation where group 
tear-out capacity will govern. However, larger row spacing will increase the group tear-out capacity and trigger 
a row shear failure mode. The designers can modify their connection configuration to give the desired balance 
between ductility, and capacity.

6.4 Application of Current CSA O86-09 Design Provisions 
to Connections in CLT
Similar to some modern SCL products such as LSL, PSL and LVL with cross layers, which have fully or partially 
cross-aligned wafers or strands that can overcome the traditional problems associated with splitting of the wood, 
CLT has a more favourable ability to resist splitting in simple lap joint applications due to the cross lamination. 
Therefore, it is generally expected that higher capacity for splitting could be achieved in CLT compared to  
solid timber. 

Within the context of CSA O86, if the embedment strength properties of dowel-type fasteners are established  
in CLT in the direction perpendicular to the plane of the panel and in the narrow side (edge), then it would  
be possible to evaluate the ductile lateral capacity in this product following current design provisions in  
CSA O86-09. Yield model equations as given in CSA O86-09 would be applicable. However, due to the grain 
orientation relative to the load, it would be necessary to incorporate the proper embedment strength properties/
equations for parallel and perpendicular layers in those equations. While a single set of embedment equations will 
suffice for slender type dowel fasteners (≤ 6 mm) for both parallel and cross layers, separate embedment equations 
will be needed for large diameter dowel type fasteners. In CSA O86-09, two sets of embedment equations are 
given for large fasteners loaded parallel or perpendicular to the loading direction. The modified yield equations 
will take care of the layer orientation and the relative thickness of the layers. A calculation procedure/model has 
been proposed by Uibel and Blass (2006) to determine the load carrying capacity of dowels in a steel-to-solid-
wood-panel connection with an inner steel plate. While direct substitution for embedment properties equations 
derived for the parallel and cross layers can be made for ductile failure modes (i.e. failure modes a, b and c in  
CSA O86-09) that involve crushing of wood, the failure modes where plastic hinges are developed require further 
analysis (e.g. failure modes d, e, f and g). 

Connection configuration and geometry that governs the ductile capacities of connections in CLT for dowel-
type fasteners need to be established as well. This includes end and edge distances, fastener type, row spacing 
and slenderness ratio. Depending on the type of dowel fasteners, it is expected that, as a minimum, the current 
minimum requirements for end and edge distances and for fasteners and row spacing in solid sawn lumber and 
glulam, as given in CSA O86-09, could be applicable to CLT for the relevant dowel-type fasteners such as nails, 
wood screws, lag bolts and lag screws. Attention should be given, however, to specific CLT panel features that 
could affect the connection capacity such as gaps and grooves, which may reduce the embedment strength due  
to localized weaknesses consecutive to those fabrication features, as discussed above.  
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Currently, long self-tapping screws (commonly used in Europe for the assembly of CLT panels) with diameters 
greater than 6 mm are not covered under the current design provisions in CSA O86-09. However, the ductile 
lateral resistance of bolts, lag screws, wood screws (up to 6 mm diameter), nails and rivets in CLT can be designed 
following the existing provisions, provided the appropriate embedment strength properties of such fasteners 
in CLT are established. Laterally loaded fasteners that do not bear on the full cross-section of the CLT have a 
potential for brittle failure. For example, a group of connectors at the end of a face ply that is not edge-glued will 
need to rely on transferring the tension force into the CLT panel by rolling shear (Figure 57). As discussed above, 
design provisions for brittle failure modes in CLT are beyond the scope of this chapter. Until recently, no studies 
that focus on the brittle behaviour of fasteners in CLT have been conducted. This is a potential research topic  
in the future. 

Figure 57 
Possible brittle failure mode in CLT connections with glulam rivets

6.4.1 Design for the Lateral Load Resistance of Bolts and Dowels in CLT

Although bolts and dowels are not as commonly used in CLT assemblies compared to assemblies made with 
glulam or other wood-based products, there is still a need to provide some guidance to designers who may choose 
these types of fasteners for connections in CLT. This section is focused mainly on the design for the ductile lateral 
resistance of bolts and dowels in the current Canadian timber design standard (CSA O86-09). 

6.4.1.1 Embedment of Doweled and Bolted Connections perpendicular to the plane of CLT panel

Two embedment models were developed by Uibel and Blass using a multiple regression analysis on 438 test  
results for dowels installed perpendicular to the plane of the panel and loaded at different directions with  
respect to the panel strong axis and at different positions of the fastener in the plane of the CLT panel.  
The first model shown in equation [1] is quite general and is independent of the type of lay-up of the panel. The 
model is expressed as a function of the fastener diameter, overall wood density of the panel and loading direction 
with respect to the strong axis of the panel (i.e. grain direction of the surface layers of the CLT panel).
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[1]

where,

fh,pred =  predicted embedment strength (N/mm²)
d    =  fastener diameter (mm)
ρ  =  average density of main member, based on dry weight and volume basis (kg/m³) 
α  =  angle between load and grain direction of the outer layer 

The second model shown in equation [2], however, is panel build-up specific and has the following form:

 [2]

where,

fh,pred =  predicted embedment strength (N/mm²)
d  =  fastener diameter (mm)
ρ =  average density of main member, based on dry weight and volume basis (kg/m³) 
α =  angle between load and grain direction of the outer layer 
t0,i ; t90,i =    thickness of each layer (i.e. with t0 being the thickness of individual layers orientated parallel  

to the outer layers and t90 the thickness of transverse layers) (mm) 
t  =  panel thickness (mm)

The validity of the two models, however, is limited to the maximum thickness of a single layer not exceeding  
40 mm and the ratio of the thicknesses of the longitudinal and cross laminate being between 0.95 and 2.1. 
Designers should be cautious when using these models. 

The proposed equation by Uibel and Blass (2006) to establish the characteristic embedment strength of dowels  
in CLT on the basis of equation [1] is given below in equation [3]:

      
[3]

where,

fh,k  =  characteristic embedment strength (N/mm²)
d   =  dowel diameter (mm) 
ρk  =  characteristic density of cross laminated timber panels, based on dry weight and volume basis (kg/m³) 
α  =  angle between load and grain direction of the outer layer 
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This embedment equation is approximately equivalent to the embedment equations given in CSA O86-09,  
except that a duration of load factor of 0.8 needs to be applied to convert from short-term to standard-term 
duration to be in line with the CSA O86 design procedure. The 0.8 factor is typically applied for all wood-based 
products in CSA O86-09, including glulam. There could be a need to validate this factor for connections in 
CLT. Current service conditions factor, duration of load factor and treatment factors (KSF, KD and KT) as given 
in clauses 4.3.2, 10.2.1.5 and 10.2.1.7 of CSA O86-09, may be used provided that some conservatism is taken 
into account due to the lack of research to support the adoption of those factors for CLT. Once the specified 
embedment equations are established for bolts and dowels in CLT, then the unit lateral yielding resistance  
of each type of fastener can be calculated as per CSA O86-09.  

6.4.1.2 Embedment of Doweled and Bolted Connections in the Narrow Side (On Edge)

For situations where bolts or dowels are installed in the narrow side of the CLT panel (e.g., corner connection 
between wall panels at right angles as shown in Figure 58), the equation proposed by Uibel and Blass (2007) for 
calculating the characteristic embedment strength of dowels and bolts can be used. As with equations [1] to [3], 
the new expression is empirical and was developed based on a large number of tests using multiple regression 
analysis. Over 100 embedment tests for dowels installed in different positions and loaded either parallel or 
perpendicular to the grain of the lamina were used in deriving the proposed equation. The equation is expressed  
as a function of the dowel diameter and density of the relevant layer(s) in which the dowel is driven, as shown  
in equation [4]:

      [4]

where,

fh,k  =  characteristic embedment strength (N/mm²)
d   =  fastener diameter (mm)
ρply,k =  characteristic density of relevant layers, based on dry weight and volume basis (kg/m³) 

It should be noted that, if the panel is made from materials of uniform density, then the overall density  
of the panel in the vicinity of the dowel could be used in equation [4] for simplicity.

Figure 58 
Opened connection with dowels in cross-laminated timber (courtesy of Uibel and Blass, 2007)

6.4.2 Lateral Load Resistance of Screws and Nails in CLT

6.4.2.1 Embedment of Nails and Screws perpendicular to the plane of CLT panel

The new design provisions for nails and wood screws in CSA O86-09 provide a methodology to calculate the 
lateral resistance based on the specified embedment properties of nails and wood screws in wood-based products. 
Once the specified embedment strength is known, then the unit lateral capacity of the connections in CLT can  
be calculated.
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Characteristic embedment equations for nails of 4.2 mm and screws up to 12 mm in diameter were developed  
by Uibel and Blass (2006) with fasteners installed in the direction perpendicular to the plane of the panel.  
The equation is specific to the panel lay-up as it is expressed as a function of the density of the layer in which  
the fastener is placed, as shown in equation [5]:

       [5]

where,

fh,k  =  characteristic embedment strength (N/mm²)
d   =  fastener diameter (mm)
ρk  =  characteristic density of cross-laminated timber panels, based on dry weight and volume basis (kg/m³) 

A simplified form could be used as a substitute for equation [5] if a uniform density is used in the analysis.  
The validity of this equation, however, is limited to CLT panels with layers of 7 mm thickness or less (Uibel and 
Blass, 2006). More work is needed to develop a more generalized expression for the determination of embedment 
properties for CLT panels made of thicker lamina. Note that the proposed characteristic embedment equation  
is independent of the loading direction with respect to the grain orientation of the layers. 

6.4.2.2 Embedment of Nails and Screws in the Narrow Side of CLT panels (On Edge)

Embedment equations to calculate the embedment strength of screws and nails on the narrow side of CLT panels 
were also developed in Europe. Equation [6] below has been proposed by Uibel and Blass (2007):

       [6]

where,

fh,k  =  characteristic embedment strength (N/mm²)
d   =  fastener diameter (mm)
ρply,k =  characteristic density of relevant layers, based on dry weight and volume basis (kg/m³) 

6.4.3 Design for the Withdrawal Resistance of Screws in CLT

Withdrawal resistance tests of self-tapping screws in CLT driven perpendicular to the plane of the panel and  
on edge (in the narrow side) were conducted in Europe, with screws driven at different locations (Uibel and Blass, 
2007). Screws were placed at different positions to capture the effect of gaps (i.e. screws driven in gaps or away 
from gaps). Based on tests results, equations were developed and proposed for the calculation of the characteristic 
withdrawal resistance of self-tapping screws in CLT, which has the following form:

       
[7]

where:  

Rax,s,k =  characteristic withdrawal capacity (N)
d   =  fastener diameter (mm)
lef  =  effective point-side penetration length (i.e. length of the threaded part minus one screw diameter) (mm)
ρk  =   characteristic density of CLT panel (whole cross-section) for fasteners driven perpendicular to the plane 

of the panel or density of relevant layers for fasteners driven on edge (kg/m³)
ε  =   angle between screw axis and CLT grain direction (equals to 90° in the plane of the panel or 0° in joints 

on the narrow side–i.e. edge joints)
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It should be mentioned, however, that the expression given in equation [7] is limited to self-tapping screws and 
valid only when the characteristic withdrawal strength in solid wood exceeds the following:

        [8]

where:

fax,k  =  characteristic withdrawal strength (N/mm²)
ρk  =  characteristic density of solid wood, based on dry weight and volume basis (kg/m³) 

This requirement needs to be verified and modifications are expected in order to develop a more  
generalized expression. 

6.4.4 Placement of Fasteners in Joints

Minimum requirements are given in CSA O86-09 for loaded end and edge distances, fastener spacing in a row and 
spacing between rows of fasteners for a variety of traditional fasteners such as bolts, lag screws, nails, wood screws 
and glulam rivets in solid sawn timber and glulam. While these requirements could be applied conservatively to 
fasteners driven or placed in the direction perpendicular to the plane of the CLT panel (as discussed above), they 
may not necessarily be applicable to fasteners placed in the narrow side (on edge) of the panel. Generally, spacing 
and end distances are less critical for fasteners placed perpendicular to the plane of the CLT panel due to cross 
laminations which tend to reinforce the section (as discussed above). 
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Figure 59
Recommended end and edge distances and spacing for dowel-type fasteners  
(adapted from Uibel and Blass, 2007)
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Table 1 
Recommended end and edge distances for dowel-type fasteners (adapted from Uibel and Blass, 2007) 

Type of fastener

Self-tapping screws Dowels

a1 10 d 4 d

a2 3 d 4 d

a3,t 12 d 5 d

a3,c 7 d 3 d

a4,c 5 d 3 d

Spacings

Realizing the importance of investigating the required end distances and spacing for fasteners driven or placed  
on edge, European researchers have developed some minimum requirements for placement of mainly self-tapping 
screws and dowels in CLT panels. This was done to avoid premature splitting and ensure that full bearing capacity  
of the dowels in the CLT is achieved. This is critical for CLT panels when they are connected at right angles  
(e.g. floor-to-wall or wall-to-wall corner connections) and fasteners are driven in the narrow side (on edge) of 
one panel. In such situations, the fastener may tend to force fibres or plies apart across the panel thickness due 
to excessive tension perpendicular to grain stresses. This could trigger premature splitting in the vicinity of the 
fastener, thereby weakening the connection. Recommended end and edge distances and spacing for self-tapping 
screws and dowels placed on edge in wall panels are given in Figure 59, based on European research. 

6.4.5 Detailing of Connections in CLT

In detailing and optimizing connections in CLT, it is important to consider not only the strength and stiffness 
performance of the connection system, but other performance attributes such as fire, sound insulation, air 
tightness, durability and vibration. Typically, sealant and other types of membranes are used to provide air 
tightness and improve sound insulation at the interfaces between the floor and wall plates (Figure 60). Shrinkage 
and swelling in CLT due to seasonal changes in the ambient environmental conditions need to be taken into 
account when designing connections. This is particularly important when other sealant products and membranes 
are incorporated as that might compromise the effectiveness of such products. Differential movement between 
CLT and other wood-based products or materials (in case of mixed materials and systems) need to be taken into 
account at the design and detailing stages due to potential shrinkage-induced stress that could undermine the 
connection capacity in CLT. Future versions of this chapter will provide more details and guidelines related  
to detailing. 

Figure 60 
Acoustic membrane inserted between walls and floors to provide air tightness (in exterior walls)  
and improve sound insulation  
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Connections in timber construction, including those built with CLT, play an important role in maintaining  
the integrity of the timber structure and in providing strength, stiffness, stability and ductility. Consequently,  
they require detailed attention by designers.

Traditional and innovative connection systems have been used in CLT assemblies in Europe. Several types  
of such connection systems for connecting CLT panels to panels, walls to walls and walls to floors are described 
in detail in this chapter. They are mostly based on the European experience since there is currently no CLT 
production in Canada or North America at the time of writing this chapter.  

Researchers in Europe have developed design procedures for traditional connections in CLT, including dowels, 
wood screws and nails which are commonly used in Europe for designing CLT assemblies. The proposed design 
procedure deals only with ductile failure modes to determine the lateral load resistance of such connections. 
Expressions were developed for the calculation of characteristic embedment properties of each type of fastener, 
depending on its location with respect to the plane of the panel (perpendicular to or on edge). The expressions 
were verified and results seem to correspond well with predictions. European Yield Model (EYM) equations for 
ductile failure modes as given in Eurocode 5 were adopted for design using CLT fastener embedment equations. 

Information on the applicability of the proposed design approach from Europe to traditional connection systems 
in CLT are presented in this chapter. It is believed that once the embedment properties of such fasteners in CLT 
are established, it will be possible to apply the current ductile design provisions in CSA O86-09. Due to the 
reinforcing effect of cross lamination in CLT, it is speculated that current minimum geometric requirements given 
in CSA O86-09 for dowels, screws and nails in solid timber or glulam are applicable to CLT. However, designers 
need to be cautious about this as further verification is required, considering the specific features of each panel  
(no generic CLT panels have been produced yet in Canada). Brittle failure modes also need to be taken into 
account and have not been investigated yet. Further work is needed to verify possible brittle failure modes 
associated with each type of fasteners in CLT connections. 

7 
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1 Objectives 
The main objective of this project is to use the technology we have developed in the project of surface 

densification under TT program to improve the performance of traditional and non-traditional connections 

systems using new advanced materials and technologies such as nanotechnology. 
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3 Introduction 
Connections in timber structures play an essential role in providing stability and stiffness to the structure. 

Timber joints may often become the weakest components of the structure and, therefore, require thorough 

attention of the designers. The interruption of continuity in the timber structure caused by the presence of 

joints results in a decrease in the overall strength and stiffness of the structure which in turn implies an 

increase in the dimension of the assembled timber elements. In many cases, timber connection details 

govern the sizing of the various structural members. The efficient design and fabrication of such 

connections systems often determine the level of success of wooden buildings when compared to other 

buildings made of steel or concrete and to a certain extent, the success of wood systems in hybrid 

constructions.  

 

Key to the importance is the need to improve the performance of traditional and non-traditional 

connections systems using new advanced materials and technologies such as nanotechnology. It is 

expected that such reinforcing techniques will help increasing tensile, splitting and shear strength, as well 

as the bearing resistance of timber connections. Moreover, reinforcement using nanotechnology is 

expected to improve durability at no additional cost. Results from this study should help expanding the 

use of wood based products in structural applications in the non-residential and mid-rise constructions 

sector. 
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The study on using nanotechnology to reinforce wood based products in the vicinity of connections was 

carried out in this project. The objective was to look at ways of improving the connection capacity in 

wood or wood based products by nanotechnology treatments. Several exploratory tests were conducted 

during the last 12 months to investigate the various process parameters. Bolted connections tests in 

addition to compression perpendicular to grain were conducted. Preliminary results showed that treatment 

of wood using nanotechnology could significantly improve, not only the connector performance, but also 

basic mechanical properties such as compression strength in the direction perpendicular to grain. This is 

crucial for mid-rise constructions where wood based products could be used as sill plates. More test with 

different nanoparticles are being conducted which includes; nanoclay and NCC mix with the 

monomers/oligomers formulation. Findings will contribute to improvement in optimizing the 

performance of timber connections by improving the fastening capacity.  

 

4 Method and Materials  

4.1 Materials 

4.1.1 Wood species 

Black spruce solid wood timber connector members was cut to a known size and pre-drilled before the 

treatment as Figure 1 indicated.  
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Figure 1 Connector and the connector members 

 

4.1.2 Chemicals 

1,6 hexanediol dimethacrylate (HDDA), supplied by Ferguson Chemical Innovation  

Trimethylolpropane trimethacrylate (TMPTA), obtained from Ferguson Chemical Innovation 

Polyester acrylate oligomer, supplied by Ferguson Chemical Innovation  

Nanoclay APAAPA, purchased from Southern Clay Products Inc 

NCC, provided by FPInnovation – Paper and Pulp Division 

 

4.1.3 Equipment 

Viscosity meter – to measure the viscosity of formulations 

Cylinder (vacuum) – to penetrate the chemical 

Oven – to polymerize the treated wood timbers 
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4.2 Experimental Design  

The lab works mainly focused on the following stages: 

 

1) Preliminary test of the connector members with a traditional vacuum/pressure process 

2) Treatment of the connector members at different process parameters 

3) Treatment of the connector members with transportation medium resin and nanoparticles 

4) Evaluate the chemical retention of connector members  

5) Evaluate the connector performance of impregnated black spruce wood 

6) Evaluate the perpendicular compression strength of treated connector members 

 

4.2.1 Preliminary test with traditional vacuum/pressure process 

Wood samples  

 

8 samples of solid black spruce with a dimension of 1’× 3.5” × 16”, were oven dried at 103
o
C for 24 

hours.  The mass of each sample was measured before and after treatment.  

 

Impregnation process 

 

The pre-drilled connector members were placed in a container. Put the container into the cylinder, seal the 

cylinder, and vacuum the system for 15 min. Later close the vacuum, and the chemical was introduced 

into the container to fully cover the wood samples. After that, release the vacuum, and add pressure for 15 

min.   

 

The samples were removed from the cylinder and the chemical residues on the sample surfaces were 

wiped off. The mass of the samples was measured. The samples were then placed into an oven to 

polymerize at 90
o
C for 19 hours.  

 

4.2.2 Treatment of the connector members at different process parameters  

Black spruce connector members with 9.7% of moisture content (MC) were treated with a vacuum 

impregnation process at different vacuum times, varied from 1 min, 5 min, to 15 min, and the traditional 

30 min vacuum plus 30 min pressure impregnation process, with a neat resin formulation. Similar sample 

curing (e.g. at 90
o
C for 19 h) and measurements were performed as did for the preliminary test. The 

resulting connector performance and compression perpendicular properties were evaluated and compared 

with the control samples.  

 

4.2.3 Treatment of the connector members with NCC, nanoclay and its transportation media 
resin   

Black spruce connector members with 9.7% moisture content (MC) were treated with 3 formulations with 

and without nanoparticles. Formulation 1 contains 1 wt% solid NCC powder (from FPInnovations – 

Paper and Pulp Division), dispersed into the transportation resin formulation. Formulation 2 has 1 wt% 

nanoclay (ClaytoneAPA, from Southern Clay Products Inc.) dispersed into the formulation. 

Formulation 3 is the neat resin formulation that was used to compare the effect of different nanoparticles 

on the connector members. The impregnation is the typical 15 min vacuum followed by a 15 min pressure 

process. The chemical retention was calculated and the samples were polymerized with the same 
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parameters as described in the previous part. Connector performance and compression perpendicular 

properties of the samples were evaluated after being treated with different nanoparticles formulations.  

 

 

4.3  Properties measurement 

Chemical retention, compression in perpedicular, connector performance properties were evaluated for 

the treated black spruce connector members.  

 

4.3.1 Chemical retention  

Procedure: The mass of oven dried samples before treatment were recorded (M0). The mass of connector 

members after the treatment were measured as M1. The chemical retention was calculated in (wt%) by 

Equation (1) as follows: 

 

100/)( 001 ×−= MMMCR       (1) 

 

4.3.2 Connector performance 

The connector performance was measured according to the standard of ASTM ****. The control samples 

and treated connector members were connected with bolt nail as indicated in Figure 2 as the experimental 

set up showed.  

 

4.3.3 Perpendicular compression resistance 

The compression perpendicular of treated and untreated connector members were measured according the 

standard of ASTM ***.  
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Figure 2 Connector performance test setup 

 

 

5 Results and Discussion 

5.1 Preliminary test with convention process  

5.1.1 Sample dimension, density and chemical retention 

6 blocks of solid black spruce were cut to 2 connector members with the desired dimension. The blocks of 

1-A, 2-A, …, 6A were the treated samples. The pair blocks of 1-B, 2-B, …, 6-B were the control samples. 

The sample dimension, moisture content and density before the treatment was measured and the results 

were showed in Table 1. The moisture content (MC) of the cutting samples was 9.7% and they were oven 

dried before the treatment. The chemical retention (CR) was calculated with Equation (1) and the results 

were showed in Table 1. The maximum CR reached to 62.2% and the minimum is 14.6%. The average 

CR of the preliminary test is 32.2% and the standard deviation is 16.9% which means the variation of the 

chemical retention is big.  
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Table 1 Sample dimension, density and humidity measurement before treatment 

# 

  

thickness 

(mm) 

length 

(mm) 

width 

(mm) 

mass 

(g) 

MC 

Before 

treatment 

(%) 

 

density  

kg/m
3
 

CR 

(%) 

density 

after 

treatment 

 kg/m
3
 

1-A 41.08 431 41.32 281.2 9.7 350 62.2 716 

1-B 41.08 431 41.26 283.9 9.7 354   

2-A 41.08 431 41.20 321.1 9.7 401 31.2 654 

2-B 41.20 431 41.28 325.9 9.7 405   

3-A 17.35 431 88.66 310.3 9.7 427 32.1 714 

3-B 17.35 431 88.72 318.2 9.7 437   

4-A 17.37 431 88.72 304.1 9.7 417 35.3 716 

4-B 17.37 431 88.72 294.9 9.7 405   

5-A 17.55 431 139.39 502.5 9.7 434 14.6 634 

5-B 17.60 431 139.84 513.8 9.7 442   

6-A 17.60 431 139.67 515.9 9.7 444 17.8 667 

6-B 17.60 431 139.70 526.5 9.7 453   

 

5.1.2 Connector performance of impregnated solid black spruce 

The connector performance was measured and the mechanism of the compression test was showed in 

Figure 3(a). The bolt nail connection hole of the center part was deformed during the compression test.  

The deformation of the connection part of the center member after the compression test was showed in 

Figure 3. Figure 3(b) is the control sample and Figure 3(c) is the treated samples. The bolt nail connection 

hole of the control sample (Figure 3(b)) showed much bigger deformation on the loading direction than 

the treated center member (Figure 3(c)).  

 

Figure 4 presented the compression test of the connector performance. The compression loading force and 

its extension on the loading direction were showed in the figure.  The maximum loading force of the 

control samples are 18.55 kN and the average maximum loading for the treated samples are 29.39 kN. An 

average improvement of 58.4% in maximum compression loading for the connector performance was 

observed for the treated connector members as compared to the untreated connectors.  
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                                                (b)                                                             (c) 

Figure 3 Center member deformation of the connector after compression test (a) compression loading 

test mechanism, (b) control sample, (c) treated samples 
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Figure 4 Connector performance of treated samples with traditional process with neat resin 

formulation 
 

5.1.3 Perpendicular compression resistance of impregnated solid black spruce 

The perpendicular compression of the treated and untreated connector members was tested and the results 

were presented in Figure 5. The maximum perpendicular compression loading of control sample is 

29.78kN and the treated samples are 46.81kN for test 1 and 51.76kN for test 2, respectively. The 

improvement of test 1 is 57.2% and 73.8% for test 2. The average maximum perpendicular compression 

loading improved up to 65.5% using the neat resin formulation with the traditional 15min vacuum 

followed by a 15min pressure process.  
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Figure 5 Perpendicular compression test results of preliminary test 

 

5.2 Different process parameters to treat the connector members 

In the preliminary test, the connector members were oven dried for 24 hours at 103
o
C and the 

impregnation parameters were the traditional 15 min vacuum followed 15 min pressure process. The 

results showed drastically improvement up to 58.4% for the compression loading and 65.5% for the 

perpendicular compression loading, respectively. The achievement of the improvement is particularly 

related to the high CR with average of 32.2% (maximum CR is 62.2%) of the oven dry wood impregnated 

with the traditional process. Considering the practical and easy operational for the treatment, the work of 

this part mainly evaluated different process parameters to treat the connector members without oven dry.  

 

5.2.1 Chemical retention of connector members treated with different impregnation parameters 

18 samples/each group were treated with vacuum time 1min, vacuum 5min, vacuum 15min, vacuum 

30min and pressure 30min. The chemical retention (CR) was calculated with Equation (1) and the average 

value was showed in Figure 6. The CR of 1min vacuum was 5.9 wt%, 4.3 wt% for vacuum time 5min, 3.5 

wt% for vacuum time 15min and 7.9 wt% for vacuum 30min/pressure 30min, respectively, which is much 

lower than 33.2% than the preliminary test where the samples were oven dried before the treatment.  
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Figure 6  Chemical retention of different treatment parameters – vacuum and pressure time  

 

5.2.2 Compression performance of connectors treated with different impregnation parameters 

Figure 6 presented the compression peak load of connector performance test with different impregnation 

parameters the compression test of the connector performance. The compression loading force and its 

extension on the loading direction were showed in the figure. The standard deviation of the compression 

peak loading and its improvement was summarized in Table 2.  The average compression peak loading of 

the control samples are 17.19kN. The average compression peak loading of connector with 1min vacuum 

is 19.74kN, 14.8% improvement compared with the untreated control samples. For samples treated with 

5min vacuum, the compression peak loading was 18.56kN, 8.0% improvement compare with untreated 

control samples. The compression peak loading of samples treated with 15min vacuum was 19.57kN and 

the improvement was 13.8%. For treatment with vacuum 30min/30min pressure, the compression peak 

loading was 20.34kN and the improvement was 18.4%.    
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Figure 7  Compression peak load of connector performance test with different impregnation 

parameters 

 
Table 2  Connector Performance Compression Results Summary 

 

Treatments Peak Load 

kN 

Std. 

Dev. 

Increase 

(%) 

Control 17.19 1,01  

Vacuum 1 min 19.74 1.723 14.8 

Vacuum 5min 18.56 0.903 8.0 

Vacuum 15min 19.57 1.022 13.8 

Vac/press 

30min/20min 

20.34 0.726 18.4 

   

5.2.3 Perpendicular compression resistance of connectors treated with different impregnation 
parameters 

The perpendicular compression resistance of connectors treated with different impregnation parameters 

and untreated connector members was evaluated. The results of the compression peak load were 

presented in Figure 8. The average peak perpendicular compression load of control sample is 23.83kN 

and the treated samples are 28.98kN for  samples treated with 1min vacuum, 31.82kN for 5min vacuum 

treated samples, 30.31kN for 15min vacuum treated samples and 29.54kN for 30min vacuum/30min 
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pressure treated samples, respectively.  The improvement of the perpendicular compression peak loading 

varied from 24% to 33.5% with different impregnation parameters and the summarized results are 

presented in Table 3.  

 

The peak stress and modulus of the perpendicular compression resistance properties were presented in 

Figure 9. For the control samples, the peak stress of the perpendicular compression resistance test was 

6.2MPa, it was improved to 7.5MPa for 1 min vacuum process, 8.3MPa for 5min vacuum process, 

7.9MPa for 15min vacuum and 7.7MPa for 30min vacuum/30min pressure process. The minimum 

improvement of peak stress was 21% and maximum improvement was 33.9%. The details were 

summarized of peak stress improvement in Table 3.  

 

For the perpendicular compression peak modulus, the controls was 145.6MPa, 162.9MPa for 1min 

vacuum treated samples, 182.2MPa for 5min vacuum treated samples, 170.7MPa for 15min vacuum and 

185.9MPa for 30min vacuum/30min pressure treated samples, respectively. The improvement of 

perpendicular compression peak modulus varied from 11.9% to 27.7% with the different impregnation 

parameters.  
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Figure 8 Perpendicular compression peak load of connector performance test with different 

impregnation parameters 
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Figure 9 Perpendicular compression peak stress and peak modulus of connector performance test with 

different impregnation parameters 

 
Table 3  Summarized results of compression perpendicular performance with different treatment parameters 

Treatments Peak Load 

kN 

Increase 

(%) 

Peak Stress 

MPa 

Increase 

(%) 

Modulus 

MPa 

Increase 

(%) 

Control 23.83±2.10  6.2±0.5  145.6±30.0  

Vacuum 1 min 28.98±3.06 21.6 7.5±0.8 21.0 162.9±47.5 11.9 

Vacuum 5min 31.82 ±3.64 33.5 8.3±0.9 33.9 182.2±29.1 25.1 

Vacuum 15min 30.31±3.27 27.2 7.9±0.8 27.4 170.7±28.7 17.2 

Vac/press 

30min/30min 
29.54±1.25 24.0 7.7±0.3 24.2 185.9±29.4 27.7 

 

5.3 Treated the connector members with different nanoparticles/resin 
formulation  

The work of this part evaluated the effect of nanoparticles treatment on the connector performance. 

Nanocrystalline cellulose (NCC) and nanoclay was dispersed into the formulation before the treatment.  

For comparison reason, the neat formulation was also using for the treatment. Thus there are 3 groups of 

treatment in total. The moisture content (MC) of treated black spruce members are 9.7%.  
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5.3.1 Chemical retention of connector members treated with different nanoparticles 

9 samples/each group were treated with vacuum 15min followed by a 15min pressure impregnation 

process. The chemical retention (CR) was calculated with Equation (1) and the average value was showed 

in Figure 10. The average CR of neat resin was 5.6 wt%, 4.4 wt% for resin/NCC, 6.4 wt% for 

resin/nanoclay formulations, respectively, which is much lower than 33.2% than the preliminary test 

where the samples were oven dried before the treatment. When compare the pair samples, for example, 

the three sample of neat formulation, resin/NCC and resin/nanoclay sample 1, they are cut from the same 

block of timber. The CR of neat resin treated connector members is higher than the one treated with 

formulation of resin/NCC. The CR of samples treated with resin/nanoclay is higher than the neat resin 

treated connector members.   
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Figure 10 Chemical retention of pure resin, resin/NCC and resin/nanoclay 

 

 

5.3.2 Compression performance of connectors treated with different nanoparticles 

Figure 11 presented the compression peak load of connector performance test with different nanoprticles 

formulations treatment. The compression peak loading force and its extension on the loading direction 

were showed in this figure.  The average compression peak loading of the control samples are 16.04kN. 

The average compression peak loading of connector with neat resin formulation is 23.33kN, 45.5% 

improvement compared with the untreated control samples. For samples treated with 1%NCC/resin, the 

compression peak loading was 22.64kN, 41.1% improvement compare with untreated control samples. 
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The compression peak loading of samples treated with 1% nanoclay/resin was 22.76kN and the 

improvement was 41.9%.  

 

For the compression connector performance, the results of peak modulus were presented in Figure 12. 

The average compression peak modulus of the control samples were 389.3MPa, and 534.9MPa for the 

neat resin treated connector which improved of 37.4%. For the NCC/resin and nanoclay/resin treated 

connectors, the compression peak modulus was 511MPa and 525.2MPa which represented an 

improvement of 31.3% and 34.9%, respectively. The standard deviation of the compression peak loading 

and modulus and their improvement were summarized in Table 2. 
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Figure 11 Compression peak load of connector performance test with different nanoparticles  
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Figure 12 Compression peak modulus of connector performance test with different nanoparticles  

 
Table 4  Connector Performance -  Compression peak loading and modulus 

Treatments Peak Load 

kN 

Increase 

(%) 

Modulus 

MPa 

Increase 

(%) 

Control 16.04±2.07  389.3±61.2  

Neat resin 23.33±2.50 45.5 534.9±31.7 37.4 

1% NCC/resin 22.64±0.36 41.1 511.0±51.2 31.3 

1% nanoclay/resin 22.76±1.67 41.9 525.2±63.1 34.9 

   

5.3.3 Perpendicular compression resistance of connectors treated with different impregnation 
parameters 

The perpendicular compression resistance of connectors treated with different nanoparticles and untreated 

connector members was evaluated. The results of the compression peak load were presented in Figure 13. 

The average peak perpendicular compression load of control sample is 37.12kN and the treated samples 

are 38.72kN for  samples treated with neat resin, 39.46kN for NCC/resin treated  samples and 41.57kN 

for nanoclay/resin treated samples, respectively.  The improvement of the perpendicular compression 

peak loading varied from 4.2% to 11.9% with different impregnation parameters and the summarized 

results are presented in Table 3.  
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The peak stress and modulus of the perpendicular compression resistance properties were presented in 

Figure 14. For the control samples, the peak stress of the perpendicular compression resistance test was 

9.7MPa, it was improved to 10.1MPa for neat resin formulation treated connectors, 10.2MPa for 

NCC/resin formulation treated samples, 10.8MPa for nanoclay/resin formulation treated connectors, 

respectively. The minimum improvement of peak stress was 4.1% for neat formulation treated samples, 

5.2% improvement of NCC/resin formulation treated samples and 11.3% improvement for nanoclay/resin 

treated samples. The details and the stand deviation of peak stress improvement were summarized in 

Table 5.  
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Figure 13 Perpendicular compression peak load of connector performance test with different 

nanoparticles 
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Figure 14 Perpendicular compression peak stress of connector performance test with different 

nanoparticles 

 
Table 5  Summarized results of compression perpendicular performance with nanoparticles 

Treatments Peak Load 

kN 

Increase 

(%) 

Peak Stress 

MPa 

Increase 

(%) 

Modulus 

MPa 

Control 37.16±9.93  9.7±2.6  298.9±72.6 

Neat resin 38.73±7.64 4.2 10.1±2.0 4.1 238.2±54.5 

1% NCC/resin 39.46±6.23 6.2 10.2±1.6 5.2 278.6±63.8 

1% nanoclay/resin 41.57±6.84 11.9 10.8±1.8 11.3 342.5±80.5 

 

 

6 Conclusions and recommendations 
The research work explored using nantechnology to reinforce wood based products in the vicinity of 

connections. The study investigated ways of improving the connection capacity in wood or wood based 

products by nanotechnology treatments. Several exploratory tests were conducted during the last twelve 

months to investigate the various process parameters. Bolted connections tests in addition to compression 

perpendicular to grain were conducted. Preliminary results showed that treatment of wood using 

nanotechnology could be significantly improved, not only the connector performance, but also basic 
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mechanical properties such as compression strength in the direction perpendicular to grain. This is crucial 

for mid-rise constructions where wood based products could be used as sill plates. More tests with 

different treatment process parameters were also tested. The formulations with nanoclay, nanocrystilline 

cellulose (NCC) and neat resin formulation was also investigated.  

 

Connection specimens made of black spruce solid lumber pieces were impregnated with chemicals only 

then tested. Considerable improvement on connector ultimate capacity (58% improvement) and in the 

compression perpendicular to grain strength (65% improvement) was observed. This indicates that there 

is a good potential for enhancing the fastening capacity and major mechanical properties of wood using 

this technology, especially if a combination of chemical impregnation and nanotechnology is adopted.  

 

For next step, different connection systems will be impregnated with formulations containing 

nanoparticles. Recommendation works for the future are listed as follow: 

 

• Different connection systems will be impregnated with formulations containing nanoparticles. 

• Optimization formulations and development of industrial viable process.  

• Chemical penetration and density distribution will be evaluated by X-Ray density profile meter.  

• CT scanner and confocal will be used to evaluate the structure of impregnated connection system.  

• Connector performance, compression perpendicular to grain resistance and durability of wooden 

components will be investigated.  

• A series of parameters will be determined and the properties of the treated connectors will be 

characterized.  

• The durability of treated wood connectors will be investigated.  
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Appendix I  
 

Connector performance and perpendicular compression test results with different 
impregnation parameters   
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Figure 15 Connector performance with different process parameter – control samples 
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Figure 16 Connector performance with different process parameter – vacuum 60s 
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Figure 17 Connector performance with different process parameter – vacuum 5min 
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Figure 18 Connector performance with different process parameter – vacuum 15min 
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Figure 19 Connector performance with different process parameter – vacuum 30min/pressure 30min 
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Figure 20 Compression perpendicular performance of controls 
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Figure 21 Compression perpendicular performance of 1min vacuum 
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Figure 22 Compression perpendicular performance of 5 min vacuum 
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Figure 23 Compression perpendicular performance of 15 min vacuum 
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Figure 24 Compression perpendicular performance of 30 min vacuum/30min press 
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Appendix II  
 

Connector performance and perpendicular compression test results with different 
nanoparticles   
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Figure 25 Connector performance  
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Figure 26 Neat resin treated connector performance  
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Figure 27 Neat resin/NCC treated connector performance  
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Figure 28 Neat resin/nanoclay treated connector performance  
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Figure 29 Compression perpendicular of control samples 
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Figure 30 Compression perpendicular of neat resin treated timber connection 
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Figure 31Compression perpendicular of neat resin/NCC treated timber connection 
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Figure 32 Compression perpendicular of neat resin/nanoclay treated timber connection 
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Appendix VIII 

Flyer of the Seminar Held in Québec City – October 2009 



M. Mohammad
Group Leader & Research Scientist
Building Systems – Eastern Region

Helping expand use of timber in non-residential  
and mid-rise constructions 

 everal initiatives have been launched recently by FPInnovations, CECOBOIS,  
CWC/WoodWorks and other government and industry associations in Canada with focus 
on developing design concepts and guidelines for the use of wood-based products in non-
residential and multi-storey construction sectors. Efficient connections in timber are key 
for the success of such initiatives and require special attention by engineers and designers. 

 FPInnovations, in close partnership with industry associations in Quebec, 
is organizing a one-day seminar aiming at providing engineers and designers with  
state-of-the-art information on innovative timber connection systems developed in Japan, 
New Zealand and elsewhere. Research findings and design concepts will be presented. An 
overview of the recent revisions to design provisions of bolts and dowels in the Canadian 
timber design standard (CSA O86) will be introduced. Design examples will be given  
to help designers familiarize themselves with the new design provisions. 

Learn about . . . 

Benefit . . . 

AGENDA

•	New	innovative	connection	systems	and	design	in	timber	
•	New	design	provisions	for	bolts	and	dowels	in	CSA	O86

from	discussions	with	experts	on	timber	connections	design

TO REGISTER, PLEASE CONTACT:
Tel: 418 659-2647 # 3105

FAX: 418 659-2922
mohammad.mohammad@fpinnovations.ca

Creating forest sector solutions
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08:30  Introduction	and	overview		 
 

09:00  Recent	research	on	heavy	timber	 
	 connections	in	New	Zealand	and	Australia 

10:00 – 10:30            C  O  F  F  E  E     B  R  E  A  K

10:30  Innovative	connection	systems	in	Japan:	 
	 Concepts	and	design	issues 

12:00 – 13:00            L  U  N  C  H

13:00  Overview	of	new	design	provisions	for	bolts	 
	 and	dowels	in	CSA	O86	&	design	examples 

14:40 – 15:30    General	discussions	and	closing	remarks

M. Mohammad   
Group Leader and Research Scientist  
FPInnovations 

Professor Kohei Komatsu  
Research Institute of Sustainable  
Humanosphere – Kyoto University – Japan

Dr. Pierre Quenneville  
Professor of Timber Engineering  
Auckland University, NZ 

Dr. Pierre Quenneville  
Professor of Timber Engineering  
Auckland University, NZ 

Connections for Multi-storey  
Heavy Timber Constructions 

www.fpinnovations.ca
TMFPInnovations and its logo are trademarks  

of FPInnovations

FPInnovations 
319,	rue	Franquet,	Québec	(QC)	Canada		G1P	4R4

Friday, October 23 – 2009
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